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trations of sodium and cliloridc, the chief electro- 
lytes of extracellular fluid and scrum, were not 
increased above the usual range of isotonicity 
(Table II, at zero point of Period I). As a 
matter of fact, the concentrations of sodium were 
abnormally loru in five patients. In all of these 
and in one other the concentrations of chloride in 
scrum, taking 97 m.cq. per liter as the lower limit 
of normal, were also decreased (24). In view of 


comitant with It js known, of course, 

the losses of abnormally low levels ^ 

alone been frequently coexist (1, ^ 

would have beci., however, an invariable 
During the can occur with normal 

0.9 per cent -salim;^^ potassium (35) and our 
centrations of .sodiUj, pronounced hypopotasse- 
p.iticnts (Table II, (. paralysis, 

ter of fact in all but be drawn as to 


the dehydration described above, it is immediately definite hypernatremia and iilq^cTo- deficits of 
apparent that these patients had lost, in keeping i)carcd. In subject R. J., for examtfc hhown, for 


with the findings in other scries, considerable with normal concentrations, .the s^s-, potassium 
amounts of the chief extracellular electrolytes, con- increased to 161.6 m.cq. per liter I& |-.ycorticos- 

m\\ssium in- 

TAiii.i: 11 I'’ Vanges in 

Body vei^ht and analyses of blood and serum dursnu treatment of diabetic acidosis and jg of 

ft’ 126 years 

Blood* Scrum*' 

Time from Body* 3. 

* ftnri M-Rt. t Trd . • 

NPN Sticnr HCOi Cl Na K- , UctenzeQ 


with normal concentrations, .the sd 
increased to 161.6 m.cq. per liter i 


P.-iticnt 
(anc — $cx) 


W.S. 

(14M) 


Time from 
ftari 


D.C.(a) 

(16F) 


I prc-KCl 

II KCl p.o. 
Ill post-KCl 

I pre-KCI 

II KCl p.o. 

III post-KCl 

I prc-KCl 

II KCl p.o. 

III post-KCl 

I prc-KCl 

II KCl p.o. 

III post-KCl 

I prc-KCl 

II KCl p.o. 

III post-KCl 

I prc-KCl 

II KCl p.o. 
Ill post-KCl 

I prc-KCl 

II KCl p.o. 

III post-KCl 


D.C.(b) 

(16F) 


I prc-KCl 
II KCl i.v. 
Ill post-KCl 


niood* 

NP.V 

Siicnr 

mem. % 

mem. % 

-t 

572 

40 

112 

37 

— 

34 

— 

65 

667 

36 

104 

26 

139 

26 

259 

32 

600 

21 

145 

27 

235 

33 

302 

39 

470 

21 

70 

27 

362 

30 

181 

33 

1189 

24 

51 

28 

328 

35 

352 

103 

1395 

79 

230 

49§ 

118 

41§ 

288 

65 

582 

28 

171 

32 

140 

37 

167 

67 

786 

28 

163 

29 ' 

149 

34 

55 


tn. ei}. /titer 

s.s 

11.8 


m. eQ. /tiler 

101.9 

127.8 

124.9 

110.2 


III, eg. /liter 

142.3 

157.6 

153.1 

144.1 


m. eg./llta 

4.0 
2.8 1 
5.6 I 
5.4 ] 


'•\changes 
'^re still 
i^ 'y after 

I 9- k^ay 

H — iViis 

Sr 

as to 
may 
*'• rated 
_5^The 
-,Qy de- 

9^ by 


924^/ be 

943>:iis 


period. 


t purposes of calculating balances of cell nitrogen. 

§ NPN drawn value of the seven other cases used in calculating concentrations in extracellular water, 91 

8 iNriN arawn before end of period; lower value therefore assumed in calculations. 
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xD.eq., respec- 

Circulatory Dynamics Before adults. 

Heart Disease during Anxie^iat this hyper- 
AND Harold G. Wolff . . The find- 

The Role of Oxygen in the Re ^^ most instances 
of New Red Cells to thfon could have been 
Tinsley, Jr., Carl VJOuld have received 

Grinstein ' olution. During the 

The Relationship Betwpf^iyj the serum chloride 
Prima:^T-iiRi'’Vo, or even below, physiological 
The Relalions. The serum sodium levels during 
Refer! and III in general showed a similar 
H. Afin no instance, in contrast to the chlo- 
Index to did h3fponatremia appear. 

trbonate: The markedly lowered concen- 
of serum bicarbonate present on admis- 
e toward or to normal during therapy in 


all patients. The development of hyperchloremia, 
which was as has already been noted an almost 
invariable occurrence, did not prevent these in- 
creases in bicarbonate. However, it is not pos- 
sible to answer unequivocally from these data the 
question as to whether or not hyperchloremia re- 
pressed the rise of serum bicarbonate. It is clear, 
for example, that the increase during the first 
period in serum bicarbonate level of 10.9 m.eq. 
per liter in 20 hours in patient J. K. who did not 
develop hyperchloremia is quite comparable to 
the 10.2 m.eq. per liter increase in 19 hours in 
the patient with the most pronounced hyperchlo- 
remia (R. J.). On the other hand, the possibility 
that hyperchloremia prolonged the acidosis in pa- 
tient T. W. can by no means be excluded. At 70 
hours the bicarbonate concentration was still only 


TABLE ni 


Balances of electrolytes, nitrogen, and carbohydrate during treatment of diabetic acidosis and coma* 


Ft. 

Period 


External balance! 


Extracellular balance 


Intracellular balance! 

Cl 

' Na 

K 

N 

CHO 

Fluid 

Na 

K 


N 

Na 

K 

■Hill 

■I 

m, cQ, 

+ 1533 

m. eQ. ^ 
-t-1616 

m. eq* ^ 
+ 11 

gms, ' 

- 

Zms, 

+289 i 

liters 

+9.5 

m. eq, 

+ 1561 

m» eq, 

+ 15 

gins. 

- 0.5 

m. eq. 

+ 56 

m. eq. 

- 3 



-f- 434 

+ 124 

-b450 

+ 4.7 

+257 

+3.5 

+ 463 

+69 

+ 

5.8 

-339 

+367 



- 375 

- 209 

- 5 

+ 1.2 

+240 

-0.3 

— 

228 

- 6 

+ 

2.3 

+ 19 

- 5 



+ 638 

+ 674 

- 48 

-10.4 

+108 

+3.7 

+ 

672 

+17 

— 

2.6 

+ 2 

- 59 


II 

- 102 

- 101 

-1-108 

- 2.5 

+ 74 

-1.0 

+ 

165 

+ 10 

+ 

0.2 

- 64 

+ 98 


III 

- 90 

- 68 

-b 22 

+ 1.0 

+ 43 

-0.2 

— 

6 

+ 1 

+ 

1.0 

- 62 

+ 19 

.K. ■ 

I 

+ 503 

+ 491 

- 75 

- 8.6 

- 16 

+4.4 

— 

650 

+ 19 

— 

5.0 

+ 159 

- 82 

II 

- 38 

- 122 

-b297 

+ 3.1 

+278 

-0.5 

— 

20 

+ 2 

+ 

1.2 

-102 

+292 


III 

- 16 

+ 2 

+ 8 

+ 2.1 

+ 84 

0 

1 

+ 

86 

+ 8 

+ 

0.2 

- 88 

0 

IV.S. 

I 

+ 443 

+ 489 

- 53 

- 6.2 

+ 49 

+2.7 

— 

494 

+ 3 

— 

1.9 

+ 5 

- 52 

II 

- 418 

- 136 

-bl39 

+ 7.2 

+ 96 

-2.5 

+ 

398 

- 3 

+ 

5.9 

-262 

+ 128 

/ 

III 

+ 15 

- 170 

+ 1 

+ 0.1 

+ 52 

+0.4 

— 

100 

- 4 

— 

0.6 

+270 

+ 7 

1 L.D. 

I 

+ 195 

-f 284 

- 67 

- 7.1 

+ 76 

+ 1.0 

+ 

249 

-12 

— 

4.8 

+ 35 

- 44 


+ 148 

-t- 61 

-b344 

+ 9.8 

+ 133 

+ 1.9 

+ 

205 

+ 19 

+ 

8.8 

+ 144 

+304 



- 280 

- 130 

+ 107 

+ 10.2 

+ 188 

-2.3 

— 

274 

-12 

+ 

8.4 

+ 144 

+ 99 

, RJ. 

BSm 

+ 841 

+ 896 

- 25 

■sn 

+ 76 

+4.2 • 

+ 

772 

- 1 

+ 

3.7 

+ 124 

- 34 

II 

+ 146 

- 74 

+262 


+ 28 

+2.3 

— 

138 

+28 

+ 

2.6 

-212 

+228 


III 

- 236 

- 136 

- 25 


- 21 

mm 

— 

174 

+ 4 

•— 

8.6 

+ 38 

- 9 

' D.C.(a) 

I 

+ 655 

-b 730 

-106 

-14.2 

+ 57 

+4.1 

— 

865 

-17 

— 

1.5 

+135 

- 86 

II 

- 517 

- 529 

+239 

- 9.7 

- 62 

-3.0 

+ 

657 

+ 3 

-11.0 

-128 

+262 


III 

- 65 

+ 65 

+ 38 

+ 1.0 

+ 69 

-0.8 

+ 

62 

- 5 

— 

0.8 

-127 

+ 45 

D.C.(b) 

I 

-t- 892 

-t- 798 

-125 

- 5.4 

+ 146 

+5.3 

— 

909 

- 9 

+ 

7.3 

-111 

-116 

II 

- 355 

- 392 

+285 

+ 2.7 

+135 

+0.2 

— 

57 

+31 

+ 

2.4 

-335 

+248 


III 

+ 1 

+ 33 

+ 31 

+ 4.7 

+125 

-0.6 

+ 

33 

-14 

+ 

3.1 

+ 66 

+ 38 


* Balance data are expressed per individual period rather than cumulatively. 

t Corrected for the electrolytes and nitrogen withdrawn in serum samples. Stools, when passed, were formed and 
not analyzed. Small amounts of vomitus in T.W. and 240 cc. in L.D. in the pre-KCl periods were not anaylzed. 

t The K balances represent changes in excess of the transfers associated with the anabolism and catabolism of 
proteins. Similar treatment of the Na data does not significantly affect the results. Changes in the NPN have been 
taken into account in calculating the balance of cell nitrogen (17-19). 
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16.4 m.cq. per liter, even though hyperglycemia 
and acetomiria had disappeared. 

3. Potassium: Abnormally high levels of potas- 
sium (6.5 and 6.7 m.cq. per liter) were noted on 
admission twice in the same patient, D. C. (a) 
and D. C. (b) in Table II. In the other six eases 
the admission values ranged from 3.4 to 5.5. 
During the initial period of therapy in wiiich no 
potassium was given a dramatic fall of scrum 
potassium to abnormally low levels was observed 
in patients T. L. D., R. J., D. C. (a) and 
D. C. (b). Though the intermediate points arc 
not recorded the values given arc actually the 
lowest concentrations observed in each patient be- 
fore the start of KCl per os or parenteral ly. Only 
one of the subjects, R. J., developed obvious mus- 
cular paralysis, with inability to move his extremi- 
ties. As a group, however, the patients were still 
too ill at the time of most marked hypopotas- 
semia to pennit clear differentiation between gen- 
eralized asthenia and partial paralysis. 

The administration of KCl without exception 
increased the concentration of scrum potassium. 
The highest recorded level, 5.7 m.cq. per liter, at 
the end of KCl therapy was observed in the one 
patient, D. C. (b), who received the salt intra- 
venously. However, a comparable or even greater 
increment from 2.8 to 5.6 m.cq. per liter occurred 
in patient T. W. who took the KCl per os. It 
is to be noted that the muscular paralysis of sub- 
ject R. J. cleared promptly following the oral 
administration of the potassium salt. None of 
the subjects in this series developed gastroin- 
testinal distress or diarrhea, even though the KCl 
was administered in capsules or intravenously as 
rapidly as 1 gm. per hour. 

C. Balances of carbohydrate, nitrogen, and elec- 
trolytes 

Results of calculations based on the data in 
Tables I and II have been recorded in Table III. 
During Period I the external balances indicated 
that, with but one exception, the patients had 
utilized or stored about one-half and in one in- 
stance as much as 96 per cent of the administered 
carbohydrate. Since the concentration of blood 
sugar fell in each patient during this interval, it 
is obvious that the balance was even more posi- 
tive. Similarly, in the subsequent two periods of 


ssium in- 
anges in 
1 it is of 


i\iis 

^e- 


obscrvatioivaluatcd. It is known, of course, 
prcdominatci^lysis and abnormally low ® . 

Without cxiassium frequently coexist ( , 
excreted nitrots not, however, an invaria e 
gen intake (Ta-alysis can occur with norma 
of this negative l of potassium (35) and our 
a (Iecrca.se in the ct pronounced hypopotasse 
ally present on adr. evident paralysis, 
has been included m'^ics can l^e^ravvn as m 
gen balance, six of the eight paUa»^'^^^' ^ r 
cell nitrogen in Period I (Taljfc 
the KCl and post-KCl periods, 
were taking milk, the trend was 
balances of cell nitrogen, with but twf 
exceptions, became positive. 

In so far as the balances of eloct^J’' 
concerned during the prc-KCl period, 
retained large amounts of chluride , 

While KCl was being administered, 
subsequent interval the external balant 
dium and of chloride were more often 
than positive (Table III). However, liot 
the negative balances was of sufficient 
to cancel entirely the earlier retention bf so 
or chloride. The largest positive balances, c 
dium and of chloride, more than 15(^ 
each ion for the three periods, were ^ 

T.W., even though this patient 

ride. This finding is to be contrasted 
relatively small positive balances of these ii. , 
patient L. D. despite initial hypochloremia.-L 
hyponatremia. It should be emphasized, h^'^ 
ever, that irrespective of the initial concentratij^^g 
of sodium and chloride in the serum all patie^^ 
retained these two electrolytes in greater or 1 m'^ 
proportion. Again, as in the interpretation-, 
the positive balances of extracellular water, 
can be taken as evidence of replacement of deficit^ 
but it is possible that some of it represents oysir.. 
treatment. The retained sodium was disparately 
distributed between the extracellular and cellular 
fluid. Most of it, and frequently all, remained in 
the extracellular phase (Table III). 

In contrast to the positive balances of sodium, 
all but one patient lost considerable quantities of 
body potassium during the first period of treat- 
ment. This one patient, T. W., had received, 
however, a moderate amount of potassium during 
this interval. During the second period of^V>' " 
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Heart Disease duriirle HI under 
AND Harold G. V\bnt of the ad- 
he Role of Oxygen iri,t positive ex- 
of New Red Cel'i the first case 
Tinsley, Jr., pgj. of 

mi • If retention in pro- 

file Relationship ,^gq^ pgj. ^as 

to be noted that 
degrees of potassium retention were 
patient D. C. during two separate ad- 
jjjcoma irrespective of the route of ad- 
)ii. In the first instance, D, C. (a) , the 
administered orally, and in the second. 


), intravenously. Furthermore, the per 
retention of potassium given parenterally 
*iject was of the same order of magnitude 
s&Fved 'dn the average in the six other 


reated por os. As might be predicted, 
r portion of the retained potassium en- 
e cellular phase (Table HI). The cell 
es of potassium during the second period, 
rented for the intracellular balances of nitro- 
-n, ranged from + 98 to + 406 m.eq. In some 
the experiments sodium left the cells as potas- 
*'>?tered, but this was by no means an m- 
fe finding. The failure to observe recipro- 
ichanges of these two ions more often may 
Xeen related in part to the lag m the extru- 
pf sodium reported by Conway and Hinger y 
iing replacement of experimentally induced 

'.cotassium deficits (27). ^ ^ 

Jen with these large positive balances of po- 
Lm it is not certain that the deficits had been 
mpletely corrected in all patients. As a matter 
fLt in the third period, during which the 
take was limited to milk and water, on y one o 
e eight patients developed negative balances of 
II potassium in excess of nitrogen. The others 
L still retaining a part or all of the potassium 
railable to them in the milk ration. 


discussion 

The electrolyte, nitrogen, and carbohydrate 
(dies in these patients again emphasize that 
.siderable amounts of body constituents ate lost 
ring diabetic coma. The losses of body water 
exLcellular electrolytes, of cell mtrogen and 
carbohydrate have been recognised and de- 
»d (25 26). The striking retention of potas- 


sium administered to this series of patients points 
to the existence of concomitant deficits of this 
cation in the body cells. Such an interpretation 
is supported by the experiments of Tarail and 
Elkinton which showed that amounts of potas- 
sium as great as those employed in some of our 
studies were not retained in the body when given 
by mouth to healthy adults (28). Presumably 
such subjects do not have potassium deficits and 
hence the administered potassium is promptly 
excreted. Diabetic patients in acidosis or coma 
are, however, depleted of potassium. Several 
mechanisms appear to be involved in the devel- 
opment of this negative balance. It is obvious, 
for example, that patients in diabetic acidosis or 
coma are in negative nitrogen balance. This 
breakdown of tissue releases potassium bound to 
protein of cells (17). Similarly, potassium laid 
down with glycogen in the liver (29) is released 
from the cells during deglycogenation. These 
two processes, however, can account for only a 
small portion of the potassium deficit. Most of 
the deficit must represent, therefore, a decrease 
in the cell potassium present in excess of the 
nitrogen there. Several factors probably con- 
tribute to this loss of cell base. First, it is known 
that extracellular dehydration, per se, is associated 
with movements of potassium and of water out of 
the cells (17). Secondly, it has been shown that 
interruption of carbohydrate metabolism in the 
blood cell in vitro, either by refrigeration, exhaus- 
tion of glucose stores, or by addition of an in- 
hibitor such as fluoride, is associated with a pour- 
ing out of cell potassium (30). Finally, the evi- 
dence to date suggests that as long as urine is 
being elaborated it contains potassium. This 
appears to be true even though deficits of cell 
potassium, and even extracellular hypopotassemia, 
are present (21, 28). Hence, with the diuresis 
characteristic of almost all patients in coma con- 
siderable amounts of potassium are lost. At pres- 
ent it is not clear to which of these mechanisms 
the major portion of the potassium deficit is to 
be ascribed. 

The hypopotassemia of extracellular fluid which 
develops during treatment on a potassium-free 
regimen noted by other workers and by us stems 
from a number of sources. It is obvious from 
our data that it results in part from an expansion 
of body water with the administration of fluids. 
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and in part from a continued loss of potassium in 
urine. The negative balances of cell potassium 
recorded during the first period of therapy in 
seven of the eight patients exclude the possibility 
that reentry of this ion into cells played any sig- 
nificant role in the decrease in serum potassium. 
This docs not mean, of course, that no potassium 
was deposited in the liver with rcglycogenation, 
nor that none entered other cells. It merely indi- 
cates that these must have been subsidiary proc- 
esses. Furthermore, the negative balances of 
potassium cannot be explained away as manifes- 
tations of transfers of chloride into cells. Such 
a movement of the reference ion could not cancel 
the negative cell balances, since even large altera- 
tions of the chloride space could account for only 
a few milliequivalents of potassium. 

During the administration of potassium salts 
the major portion of the cation entered the cells. 
Only a small amount of it was laid down with 
nitrogen. There was no significant urinary loss 
of previously retained potassium in the post-KCl 
periods. As a matter of fact, in five of the experi- 
ments more potassium entered the cells. On the 
whole a smaller proportion of the administered 
potassium was retained during Period III sug- 
gesting that in the majority of the patients cell 
concentrations of this ion were completely or al- 
most completely restored. It should be empha- 
sized of course that the possibility that the potas- 
sium administered orally was incompletely ab- 
sorbed cannot be excluded. Naturally this would 
alter the magnitude of the exchanges. However, 
the findings in control studies (28), and the 
absence of frequent or diarrheal stools in these 
patients, suggest that absorption was essentially 
complete. This is further supported by the find- 
ing that quite comparable data were obtained 
when KCI was given intravenously. 

It is to be noted that positive cell balances of 
both potassium and sodium were recorded in pa- 
tients who were admitted with essentially normal 
serum levels of these ions. These instances should 
again serve to emphasize the fact that the pres- 
ence of normal concentrations of any particular 
e ectrolyte cannot be interpreted as evidence that 
the total amount is intact (31). This is of ob- 
viws importance in planning replacement therapy. 

_ The physiological significance of these exten- 
sive potassium deficits can be as yet partially and 


only indirectly evaluated. It is known, of course, 
that muscidar paralysis and abnormally low levels 
of extracellular potassium frequently coexist (1, 
2, 32-34). This is not, however, an invariable 
association, since paralysis can occur with normal 
scrum concentrations of potassium (35) and our 
own data indicate that pronounced hypopotasse- 
mia can occur without evident paralysis. 

At present only analogies can be drawn as to 
possible deleterious cfTects of these deficits of 
intracellular potassium. It has been shown, for 
example, that the depletion of cellular potassium 
produced by over-dosage with desoxycorticos- 
tcronc acetate or by restriction of potassium in- 
take is associated with degenerative changes in 
the myocardium (36, 37). In this respect it is of 
interest that in our series patient T. W., 26 years 
of age and previously well, had on admission a 
grossly abnormal electrocardiogram, characterized 
by markedly inverted T waves. These changes 
compatible with myocardial damage were still 
present one month later, and cleared only after 
an additional month of convalescence. It may 
have been more than chance, therefore, that this 
occurred in the patient who apparently had de- 
veloped the greatest deficits prior to therapy. 

No adequate statistics are yet available as to 
whether replacement of potassium deficits may 
mitigate the considerable mortality still associated 
with diabetic acidosis and coma (26, 38). The 
favorable results of Govan and Darrow in de- 
creasing the fatality rate of infantile diarrhea by 
means of parenteral and oral potassium therapy 
suggest that a similar beneficial response may be 
expected in diabetic coma (39). In testing this 
form of therapy, however, unremitting care must 
be taken to avoid deaths from potassium poison- 
ing (40, 41). At present it would seem reason- 
able, therefore, to limit the administration of 
potassium salts to the oral route, or to give only 
dilute solutions intravenously. An adequate urine 
volume and constant electrocardiographic surveil- 
lance are essential. 

SUMMARY AND CONCLUSIONS 

Patients recovering from diabetic acidosis or 
coma retained considerable amounts of potassium 
administered as KCI, in addition to water, so- 
dium, chloride, carbohydrate, and nitrogen. Com- 
parable positive balances of this cation were re- 
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corded in one subject during two separate admis- 
sions, in one of which KCl was given by mouth 
and in the other intravenously. In every study 
potassium entered cells far in excess of amounts 
which could be ascribed to changes in cell pro- 
tein. The possible physiological significance of 
these findings has been discussed. 
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Unpublished data of Bradley and associates 
(1) indicate that about 25 to 30 per cent of the 
cardiac output, as measured by the ballistocardio- 
graph (2), perfuses the kidney of healthy adults 
at rest. This figure has been reported in a review 
on renal physiology (3). Levy and Blalock (4) 
obtained an average value of 18.5 per cent in un- 
anesthetized dogs, using the catheterization tech- 
nique or heart puncture and the direct Fick prin- 
ciple for the determination of the cardiac output. 
When normal human values for the resting car- 
diac output obtained by the direct Fick procedure 
(5, 6) are divided into the normal human values 
for effective renal blood flow (7), the resulting 
effective renal fraction is about 19 to 20 per cent. 

The present investigation was undertaken to 
make these measurements simultaneously in a 
series of normal subjects and in patients with es- 
sential hypertension, using the cardiac catheteri- 
Stion teSnique (8, 9) and the direct Fick prin- 
ciple for the measurements of the cardiac output. 


methods 

All studies were made during the morning at least 12 

Tf?ec1ve' feLrbtrfl'ow was determined from the 
efal plasma clearance of p-aminohippurate or diodrast 
S trom the hematocrit (10). 
lomerolar Oltration rate rvas 

lasma clearance of manmtol, mulin (10), or sodium 
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thiosulfate (11). In about two-thirds of the cases the 
effective tubular excretory mass was determined from the 
excretion at high plasma concentrations of p-aminohip- 
purate (TmpAn) or of diodrast (Tmn) (10, 12). 
Urethral catheterization with saline and air washout was 
employed routinely. 

Mixed venous blood for oxygen analysis was obtained 
through a cardiac catheter introduced into the pulmonary 
artery, the right ventricle, or failing these, the right auri- 
cle. The exact position in the auricle was checked fluoro- 
scopically immediately before or after sampling to assure 
optimal placement (S, 10). After insertion of the car- 
diac and bladder catheters and placement of the indwell- 
ing femoral arterial needle,®' a rest period of 30 minutes 
ensued, following which the patient was familiarized with 
the noseclip, mouthpiece, and with bedside procedure. 
Several trial collections of expired air were obtained prior 
to the definitive collection, in order to minimize anxiety 
and to prove the stability of the ventilation, respiratory 
and heart rates. Arterial and mixed venous blood were 
drawn simultaneously under oil during the two-minute 
collection of expired air. Blood oxygen contents were 
determined in duplicate by the method of Van Slyke and 
Neill (13). Oxygen consumption was calculated from 
gas analysis of the expired air by the Haldane method 
(13). 

Shortly before and after the above procedure, the arte- 
rial pressure was recorded optically by the Hamilton 
manometer (14), or the mean pressure was read directly 
from a calibrated aneroid manometer connected to the 
arterial needle through a short rubber tubing containing 
air which damped the pressure pulse almost completely. 
In the former case, the mean pressure was calculated 
from the weight of a representative sample cut out care- 
fully from the photographic record. In a few subjects 
the arterial pressure was determined by cuff sphygmo- 
manometry, the mean pressure being estimated as Pm = 
Pd -1-0.4 (Ps — Pd). The total peripheral resistance was 
calculated by dividing the mean arterial pressure by the 
cardiac output per 1.73 sq.m, and is expressed as dynes 
cm."* sec. (absolute unit). 

The metabolic rate was calculated from the minute 
volume of oxj'gen consumed and the assumed R.Q. of 

® Specially designed by Becton, Dickinson and Com- 
pany. 
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TABLE I 

Summary of data from control subjects 
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1 In the calculation of the effective renal fraction the first cardiac output from each study was taken. 
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0.82. The observed R.Q. wns not used for this purpose 
because the short collection period makes tlie COj value 
too dependent on' variations in the respiratory pattern, 
and therefore not a reliable mcastire of metabolic CO, 
production. The v.ahics of ventilation rate and oxynen 
consumption arc corrected to saturation at 37° C. and 
prevailing barometric pressure. 

CLINICAL SUBJECTS 

All subjects were patieuls of the Third (New 
York University) Medical Division of Bellevue 
Hospital. The normal subjects arc representative 
of the convalescent ward population of a large city 
hospital. Most of them had had an upper respira- 
tory infection or acute alcoholism. There was 
one each with a diagnosis of mild anxiety neu- 
rosis, headache of unknown cause and without 
neurological signs, central nervous system degen- 
erative disease, mild chronic cholccj’stitis, old 
quiescent small lung abscess, and central nerv'ous 
system syphilis. In addition, six patients, con- 
valescent from traumatic or hemorrhagic shock, 
who were studied 17 to 76 days after injury, are 
included in the present series by the kind per- 
mission of Drs. Andre Cournand, D. W. Richards, 
Jr., and their co-workers (15, 16). None of the 
normal subjects had any evidence of cardiovascu- 
lar or renal disease. All had been afebrile and all 
but two were ambulatory for at least a week prior 
to study. 

Most of the patients with essential hypertension 
were admitted to Bellevue from the New York 
University Hypertension and Nephritis Clinic for 
the express purpose of study. None presented 
evidence of cardiac insufficiency. 

results 

Tables I and II present the data from each 
subject. The more pertinent data are presented 
in the form of frequency diagrams in Figures 1 
and 2. 

The control and hypertensive groups are fairly 
comparable with respect to distribution of hema- 
tocrit, metabolic rate and pulse rate. This is 
considered essential for the comparison of the 
other values, in so far as deviations from accepted 
normal standards in these three might be ex- 
pected to affect cardiac output and renal function, 
the hypertensive group averages 7.5 years older, 
and contains a higher proportion of women than 

e control group. The two groups are reason- 


ably comparable ns regards nutritional status and 
general health exclusive of hypertensive disease. 

The cardiac output, expressed as liters per 
mimilc per square meter of body surface area, 
averages A. 07 in the control group as compared 
to 3.97 in the hypertensive group. The difference 
is not significant. This is in accord with the ob- 
servations of previous investigators (17, 18). 

Mean arterial pressure is, of course, markedly 
higher in the patients with essential hypertension. 
Since the cardiac output is about the same in 
both groups, the average calculated total periph- 
eral resistance is elevated in the hypertensive 
group to about the same c.xtcnt as is the arterial 
pressure. 

Effective renal blood flow is within the normal 
range of plus or minus twice the standard devia- 
tion from the respective male and female means 
(7, 12) in 17 and below in only one of the control 
subjects. Ten of the hypertensive patients have 
renal blood flow within the normal range; eight 
arc below it, and none e.xceeds it. Moreover, in 
all but one of the hypertensive patients the values 
arc less than the normal mean. 

The effective renal plasma flow is within the 
normal range in all of the control subjects, 
whereas it is below this range in eight of the 19 
hypertensives. 

The filtration rate is below the normal range 
in one control subject and above in another. In 
the rest, it is well within the normal range. 
Among the hypertensives, 11 fall below the range 
and none exceeds the normal mean. 

Seven of the nine determinations of TmpAH 
made in the control group fall in the normal range 
reported by Chasis, Redish, Goldring, Ranges and 
Smith (12), while five of the ten determinations 
in hypertensive patients lie below this range. 
Diodrast Tm, measured in five hypertensives, is 
in the normal range in four and below normal 
in one. 

The filtration fraction (filtration rate/effective 
plasma flow) averages 0.190 in the control group 
and 0.221 in the hypertensive group. The differ- 
ence between normal and hypertensive patients is 
less striking than that observed by Goldring and 
Chasis (10). 

The effective renal fraction (effective renal 
blood flow/cardiac output) was calculated from 
the average effective renal blood flow and from 
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the first cardiac output determination on each 
individual. It varies from 0.102 to 0.269, with 
an over-all average of 0.156 in the control group. 
The corresponding range for the hypertensives is 
from 0.014 to 0.207, with an average of 0.106. 
This average figure of course has little meaning, 
since the renal blood flow must necessarily de- 
crease with the progressive parenchymal destruc- 
tion known to be associated with this disease, and 
if the cardiac output is maintained, the effective 
renal fraction will decrease correspondingly." 


DISCUSSION 

As noted in the introductory paragraph, the 
normal effective renal fraction in the resting post- 
absorptive condition averages about 0.19 to 0.20 
if the normal mean effective renal blood flow re- 
ported by Smith (7) is divided by the normal 
• mean cardiac output reported by Cournand, Riley, 
Breed, Baldwin and Richards (5) and by Stead 

et al. (6). . 

The lower average of 0.156 for the effective 

renal fraction in the present control series may 
be due in part to the influence of moderate anemia 
on the renal blood flow of some of the subjects. 
Such a possibility would be suggested from the 
data of Bradley and Bradley (19). A more im- 
portant factor, however, is the elevation of the 
cardiac output. From the data m Table I and 
from those of Brannon, Merrill, Warren and 
Stead (20) it would appear that anemia of the 
moderate degree encountered in these subjects 
does not, by itself, affect the cardiac output. On 

should perhaps be emphasized that the term “ef- 
fective” renal blood flow indicates the volume P"" 
of blood perfusing functioning excretory tissue (2^. O 

tL same basis, “effective” renal ^",te"funt 

fraction of the cardiac output which perfuses the tunc 

S renal excretory tissue. If to t 1s to 

35 to .00 per cent o. 
tte'wal” r“.l Wood flow and -total” renal Iraction. 
S thr«tractio„ is less than normal, the ro^on* >. 
between and -.otal" 

spondinply altered Br,dley£3)Jo.„dt^^^^ 

rS "arredueed only in two patients both of whom tod 
advanced renal disease with uremia. Judging frorn B 
ley’s data, it seems probable that the ^xtraction is mod- 
erately or greatly reduced in M.Bl. Furthermore, it is 
possible that the extraction may be slightly to inoderately 
decreased in M.D., T.V. and M. deL. (see Table II). 


the other hand, anxiety, tenseness, annoyance, etc., 
which frequently complicate this type of investi- 
gation, would be expected to raise the cardiac 
output. This view is supported by the recent 
studies of Stead et al. (6), and of Hickam, Car- 
gill and Golden (21). 

It is believed that our control and hypertensive 
groups are reasonably comparable as regards ane- 
mia and anxiety, in so far as may be inferred from 
the hematocrit, metabolic rate and heart rate. 
Since the average cardiac output is the same in 
both groups, it is apparent that the decreased 
average effective renal fraction in the hyperten- 
sive group is attributable to the diminished effec- 
tive renal blood flow known to accompany this 
disease. 


SUMMARY 

Results of simultaneously determined cardiac 
output by the direct Fide method and renal clear- 
ances are presented for 18 nonhypertensive and 
for 19 hypertensive subjects in the post-absorptive 
period at rest. 

The cardiac indices of control and hypertensive 
subjects are within the same range, the average 
for each group being 4.07 and 3.97 liters, re- 
spectively. 

The average effective renal fraction of the con- 
trol subjects (0.156, range 0.102 to 0.269) is 
lower than that calculated from non-simultaneous 
determinations reported in the literature. This is 
believed to be a consequence of an increase in 
average cardiac output associated with the multi- 
ple manipulations of simultaneous study, and, to 
a lesser extent, of the moderate anemia of some 
of the subjects which may have led to some reduc- 
tion in the effective renal blood flow. 

An additional reduction in the effective renal 
fraction in the hypertensive subjects (average 
0.106, range 0.014 to 0.207) results from the 
functional ischemia and progressive destruction 
of renal parenchyma characteristic of the disease, 
and in advanced hypertensive disease the effective 
renal fraction may be less than 0.020. 
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Transfusion syphilis is not a serious problem 
with present methods of blood transfusion. In 
The Johns Hopkins Hospital there were 12 rec- 
ognized instances of transfusion syphilis before 
1939 (1). Since the establishment of the blood 
bank in that year, no such cases originating in this 
hospital have been recognized. With serologically 
tested blood available at all times, transfusion 
syphilis is no longer caused by the use of un- 
tested blood in conditions of dire emergency. 

Of equal importance is undoubtedly the effect 
of refrigerator storage. With the advent of mass 
transfusions (6,000 to 7,000 donors are bled each 
year in The Johns Hopkins Hospital blood bank), 
and the employment of nurse technicians to bleed 
the donors, physical examination of donors has 
become impractical. Obviously, some donors 
must have given blood at a time when they had 
lesions of primary syphilis. It is accepted that 
some 30 per cent of such individuals are sero- 
negative, It is from just such donors that 25 
per cent of the cases of transfusion syphilis origi- 
nated in the past (2), It can hardly be mere 
chance that we have observed no cases of trans- 
fusion syphilis since 1939. Refrigerator storage 
must be the responsible factor. In 1941 Turner 
and Diseker (3) found that Treponema pallidum 
seeded in rabbit blood kept under conditions sim- 
ulating those in the blood bank of The Johns 
Hopkins Hospital failed to give rise to infection 
when injected into rabbits after storage periods 
of 48 hours or longer. Bloch (4), simultaneously 
performing almost parallel experiments, found 
some persistence of infectivity up to 72 hours but 
none at 96 hours. Since most bank blood is 
three to four days old or older when used for 
blood transfusion and the experimental inocula- 
tions employed were much heavier than would be 
required to reproduce clinical conditions, it would 
appear that the absence of transfusion syphilis 


since the establishment of the blood bank is at 
least partly attributable to refrigerator storage. 

The possible infectivity of plasma has also been 
studied. Kolmer (5) found inoculated liquid 
plasma infectious after one and three hours of 
storage at 4-6° C, but not after 24, 48, or 72 
hours. When serum inoculated with treponemes 
is frozen and desiccated, Turner, Bauer, and 
Kluth (6) found that under their experimental 
conditions infectivity of the spirochetes was com- 
pletely destroyed. When inoculated plasma is 
frozen and held at — 20° C. for 48 hours or 
longer, Ravitch and Chambers (7) found that the 
material is not infectious. 

In civilian blood banks in areas where the in- 
cidence of syphilis in the population is high, as 
in Baltimore, large numbers of donors are re- 
jected because of a history of syphilis or of anti- 
syphilitic treatment. Other donors are bled but 
their blood discarded because of a positive sero- 
logic test for syphilis.’^ In 1946, 1,2 per cent of 
white donors, 13.3 per cent of Negro donors, and 
6.5 per cent of all donors — a total of 487 donors 
— ^at The Johns Hopkins Hospital, were found to 
have a positive STS and their blood discarded. 

The evidence given above appears to be suffi- 
cient to indicate that with the use of plasma in 
any form (since it is necessarily held for bacterio- 
logic culture for one week before release) there 
is no danger of transfusion syphilis. The impor- 
tance of this in a military emergency is obvious. 
As far as concerns the danger of transmission of 
S 3 q)hilis, no STS need be performed and no donor 
need be rejected in any plasma program. There 
remains only the problem of whether the passive 
transfer of reagin produces a positive STS in the 
recipient. To clarify this phase of the problem, 
plasma of known reagin titer was injected into 
individuals with a negative STS. 

1 Hereafter this is abbreviated to STS. 
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Less direct studies of the fate of passively ac- 
quired rcagin of syjdiilis have been made hy 
Fildcs (8). Cniirhshank (9), Dunham (10), and 
others (11). They observed that rca.qin was 
often passively transferred from the blood stream 
of women with positive STS to the circulation of 
their new-horn infants. 'I'hc majority of such 
infants, although not infected with Treponema 
paWtdum, had positive S'l'S at birth. Repeated 
quantitative STS in tiicsc infants showed a defi- 
nite decline in the titer within seven days. The 
reactions were usually negative within 30 days, 
although in an occasional infant the passively 
transferred antibody could he detected for as long 
as 90 days. These observations represent passive 
transfer occurring in nature, analogous to the 
artificial transfusion of rcagin-containing plasma 
into individuals with a negative STS. Recent 
studies by the technique of introduction of iso- 
topic nitrogen into antibodies against tj'pe-specific 
pneumococci (12) show that the half-life of such 
an antibody molecule is approximately two w'ceks. 
There is no evidence of continued syntircsis of 
passively transferred antibody. 


METHOD 

The subjects were all patients on the surgical service 
of The Johns I-Io])hins Hospital, At first only patients 
with known malignant disease were used, but as the re- 
sults began to show the rapid return of the STS to nega- 
tive, other types of patients were included. Sixteen pa- 
tients with negative STS were studied. 

All bottles of blood from donors with a positive STS 
were put aside in the refrigerator. As they accumulated, 
the plasma was drawn off and pooled, eight to ten donors 
contributing to each pool. The period of storage before 
centrifugation of blood and separation of plasma varied 
from one to ten days. The STS was titered for each unit 
of plasma entering the pool and for each pool. The 
plasma pools were at once divided into units of 500 cc. 
and then frozen at — 10° to — 20° C. At intervals of two 
weeks to two months the frozen plasma was thawed in 
a water bath at 37° C. and 500 cc. administered intra- 
venously to selected patients. The titer of the STS of 
each plasma unit after thawing was identical with the 
original titer. Specimens of blood were drawn from each 
recipient immediately before the plasma injection and at 
24-hour interv’als thereafter until the STS by all methods 
had become negative. In a few recipients several blood 
samples were taken during the first 24 hours. 

Standard quantitative serologic tests were performed 
with the Mazzini technique (13), the Eagle flocculrtion 
(13), the Venereal Disease Research Laboratory Carclio- 
lipin flocculation (14), and the Eagle Wassermann tech- 


TABLE I 

Serologic response in 16 patients with negative serologic tests for syphilis given 500 ml. of 
plasma with positive serologic tests for syphilis 



c>croiogic liters in paiienis r 
after Injection of plasma 


— - 

ScroloEic tilers 

Comple- 

ment 

fixation 

Flocculation 

Eagle 
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nique (13). Sera were examined within 24 hours after 
they were drawn. In addition a portion of each serum 
was frozen at -10° C. In this way all of the speci- 
mens drawn from a given patient could subsequently be 
tested simultaneously after the last specimen had been 
drawn. Since the results obtained on retesting were 
practically identical with the original determinations, the 
results reported here are those obtained with fresh sera. 
The methods of reporting used by the respective authors 
of the tests were followed in determining the titers. 

RESULTS 

1. Serologic titers of plasma pools. The sero- 
logic titers of the five pools of plasma used in 
these studies are presented in Table I. In the 
preparation of pools No. 2 and No. 4 any plasma 
was used if the corresponding serum had a titer 
of 1 dilution unit or higher with the Eagle floccu- 
lation test. • In the pooling of Nos." 8, 9, and 10, 
plasma was taken only from donors with a titer 
of 4 dilution units or higher with the Eagle floc- 
culation test. As a result of this the serologic 
titers in these latter pools were higher. The 
titers of the pools of plasma varied from 4 to 128 
dilr.tion units with the various tests employed. 

.,.•'”2. Serologic titers in sera of recipients within 
the first 24 hours after the plasma infusion. Blood 
specimens drawn from each of the 16 recipients 
within the first 24 hours after infusion gave posi- 
tive or doubtful reactions in all cases. The indi- 

TABLE II 

Duration of positive serologic test for syphilis after 
injection — comparison of the several serologic tests 


Day after injectioa on which STS became negative 


Patient 

No. 

Comple- 

ment 

fixation 

Eagle 

Flocculation 

1 

All tests 

1 , 
Eagle 

^ Marzini 

Cardiolipin 

1 

5 

7 

8 

12 

12 

2 

4 

4 

4 

10 

10 

3 

4 

4 

3 

6 

6 

4 

2 

2 

2 

4 

4 

5 

3 ! 

8 i 

3 1 

19 

19 

6 

5 

5 ! 

2 ! 

19 

19 

7 

5 

9 

5 i 

9 

9 

8 

14 

3 


4 

14 

9 

12 

15 

— 

20 

20 

10 

2 

5 


5 

5 

11 

2 

5 

— ! 

S 

5 

12 

2 

12 


12 

12 

13 

2 

9 


9 

9 

14 

5 

9 

— 

8 

8 

IS 

13 

19 

9 

16 

19 

16 

10 

10 j 

7 

10 

10 


vidual serologic titers varied from 1 to 32 dilu- 
tion units in the various tests used (Table I). 

3. Progressive fall in serologic titer in relation 
to time. • In each case studied the quantitative 
serologic tests for syphilis gave the maximal re- 
sponse on the first day after infusion. ' On suc- 
cessive days after transfusion the serologic titers 
gradually fell in all cases until all serologic tests 
became negative. There was a rapid fall in titer 
within the first seven days. Fifteen of the 16 
patients had serologic titers of 1 dilution unit or 
less on the seventh day. The sera of all the 
recipients became negative within nine to 19 days 
after injection, with minor fluctuations between 
tests (Table II). The fall in serologic titer of 
two of these patients is illustrated in Figures 1 
and 2.® 

4. Later serologic follozv-up of patmits. None 
of the patients developed clinical evidence of 
transfusion syphilis and all of those who could be 
followed for three to six months maintained their 
negative STS. Of the 16 patients to whom plasma 
was given, ten returned for examinations three 
to six months later and were found to have nega- 
tive STS at that time. Four of the group had 
died of their original neoplastic processes, and 
two could not be found for follow-up examina- 
tions. 

In reviewing the records of these patients it 
was found that all of them received penicillin at 
the time of their surgical procedures. The total 
dosages of penicillin ranged from 10,000,000 to 
50,000,000 Oxford units over periods of seven to 
20 days. So that, inadvertently, these patients 
received adequate treatment for incubating pri- 
mary syphilis (15). Since under present clinical 
practice the vast majority of patients sick enough 
to require transfusions also receive penicillin, the 

2 While this study was in progress we had the oppor- 
tunity to observe the effect of a transfusion of STS posi- 
tive whole blood, erroneously administered. The donor’s 
STS was positive in a titer of 16 dilution units (Eagle). 
The donor’s blood had been stored for ten days at 5° C. 
The recipient had a negative STS on admission to the 
hospital. She was a pregnant woman, at term, trans- 
fused for secondary anemia. Six days after the trans- 
fusion with 500 cc. of STS positive blood her STS was 
positive (Eagle 2 units, VDRL Cardiolipin 4 units). 
Nine days after the transfusion all serologic tests were 
negative. Two days after the transfusion the patient was 
delivered of a normal infant. The baby’s STS was nega- 
tive when first determined on the ninth day of life. 
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SEROLOGIC RESPO.VSE TO THE INJECTION OE PLASMA CONTAINING 



Fig. 1. After Injection of SOO cc. of Plasma of Low Titer STS, the 
REariENT’s Immediate STS Is Positive in Low Titer, and at Ten Days the 
STS Is Negative hy All Tests 



Fig. 2. After Injection of SOO cc. of Plasma of High Titer STS, the Re- 
cipient’s Immediate STS Is Positive in High Titer, and It Requires 19 Days 
foe the STS to Return to Negative by All Tests 
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likelihood of die occurrence of transfusion syphilis 
IS even further diminished. 

BISCUSSIOK 

weights of the patients varied from 39 to 
-IU4 kg. (Table I). If one uses the figure of 45 
cc._ of plasma volume per kilogram of body 
weight (16), then the computed plasma volumes 
for these 16 patients ranged from 1,755 to 4,680 
cc. To these initial volumes there was added 
500 cc. of plasma containing reagin. It can be 
calculated that the antibody was diluted z,iz,o 
approximately one-fifth to one-tenth of its original 
titer. In the actual tests of the recipients’ sera 
. on the day following injection it was observed 
that one-fourth to 3^2 of the original titer was 
found in the recipients’ sera. It would appear, 
within the range of error involved in the com- 
putation and in the titration of the sera, that the 
antibody titer of the recipient after 24 hours rep- 
resented the dilution of the injected reagin in the 
blood volume of the recipient. 

^ir of the plasma used in this study was taken 
fj6m blood of donors known to have a positive 
STS and preferably of high titer. Yet, even un- 
der these extreme experimental conditions, the 
positive STS in the recipient lasted less than 
three weeks in the longest instance and only four 
days in the shortest. If the STS positive blood 
normally discarded by the blood bank were con- 
verted to plasma together with all the STS nega- 
tive blood usually processed into plasma, no pool 
would have more than one or two STS positive 
specimens in it. The resultant pool of plasma 
would have a very low titer of reagin and the 
duration of the persistence of the passively trans- 
ferred positive STS, if any were detectable at all, 
would be correspondingly brief. In all probability 
no more than a doubtful reaction would be pro- 
duced in the recipient. 

It is experimentally proved that syphilis will 
not be transmitted by plasma desiccated or frozen 
under blood bank conditions. Liquid plasma 
stored at 4-6° C. one day or more is equally safe. 

We have now shown that the positive STS pas- 
sively acquired by the recipient of a transfusion 
with STS positive plasma is of short duration. 
The blood of donors with syphilis in any stage 
should, therefore, be acceptable for use in the 
plasma program of any institution or organiza- 


tion, m which plasma is desiccated, frozen, or 
refrigerated under the conditions noted above. 

SUMMARY 

1. Patients transfused with plasma from donors 
with a positive serologic test for syphilis will 
acquire a positive STS. 

2. The initial titer of the acquired STS repre- 
sents the dilution in the recipient’s blood volume 
of the reagin contained in the injected plasma. 

Qmc recipients the acquired positive 

bis had reverted to negative by the 20th day or 
before. 

4. The blood of donors with syphilis should be 
acceptable for use in any blood bank with a 
plasma program, provided the material has been 
frozen, dried from the frozen state, or stored at 
least four days in the refrigerator. 
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In 1943 Quick ( 1 ) reported on the multiple na- 
ture of plasma prothrombin. On the basis of his 
data, which have been repeatedlj^ confirmed (2- 
■ 4), he concluded that prothrombin consists of two 
essential factors combined with calcium. The two 
components, “prothrombin A” and “prothrombin 

B, ” had different properties. The former was 
labile in oxalated or citrated plasma stored at re- 
frigerator temperatures, not adsorbable by alumi- 
num hydroxide, fairly heat stable, and not reduced 
in dicumarolized blood. Its deterioration was said 
to account for the high prothrombin time of stored 
plasma. “Prothrombin B,” on the other hand, re- 

'"'^mained intact in refrigerated plasma, was re- 
moved by aluminum hydroxide, was labile at 60° 

C. for 15 minutes, and was decreased by the ad- 
ministration of dicumarol. 

More recently other entities were described 
which affect the conversion of prothrombin to 
thrombin by thromboplastin plus calcium (5-7). 
These are apparently distinct from both “pro- 
thrombin B” and the factor which deteriorates in 
stored plasma. The term “prothrombin A” is now 
reserved by Quick (5) for one of these substances, 
and the term “labile factor” for the moiety which 
is found wanting in stored plasma. Normal pro- 
thrombin activity, as determined by the one-stage 
method, requires the presence of adequate amounts 
of all these substances. 

Loomis and Seegers (4) found that the pro- 
thrombin activity of aged plasma could be restored 
remarkably by the addition of purified fibrinogen 
Accordingly, they concluded that deterioration of 
fibrinogen accounts for lengthening of the pro- 
thrombin time in stored plasma and that reactive 

.Supported by a grant from the Commonivealth Fund, 
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fibrinogen” is necessary for prothrombin activity 
by the one-stage technique. This conclusion is not 
in accord with those of Munro and Munro (8) and 
Honorato and Quick (9). The last authors (9) 
demonstrated tliat purified human fibrinogen was 
incapable of reactivating the prothrombin of stored 
human plasma. Furthermore, it has also been 
shown that plasma defibrinated by thrombin could 
reactivate the prothrombin (9, 10). 

The availability of afibrinogenemic plasma from 
a subject with spontaneous fibrinopenia® per- 
mitted decisive resolution of this conflict. It is 
the purpose of this report to present data support- 
ing the evidence for the existence of a labile factor 
which is distinct from fibrinogen and whose deteri- 
oration as plasma ages accounts for the increasing 
prothrombin time. Also included are additional 
observations on the prothrombin activity of stored 
plasma and on the restorative effects of hemophilic 
plasma. 

METHODS 

Prothrombin activity was determined by the Quick 
method (11, page 312) with the following modification 
(12) : Commercial (Difeo) rabbit brain was used as the 
source of thromboplastin. Into each of many prothrombin- 
time tubes were pipetted 0.1-cc. aliquots of a uniform 
batch of freshly prepared thromboplastin, which were 
then stored at — 10® C. until prothrombin determinations 
were made. Although thrombloplastin thus kept frozen 
in ready-to-use units maintains full potency for eight 
months, new thromboplastin preparations were made 
every two weeks. The control prothrombin value, deter- 
mined on normal plasma with each fresh batch, served 
as the control for the two-week period. 

In some experiments the prothrombin time was deter- 
mined on whole plasma unaltered or mi.xed with afibrino- 
genemic or hemophilic plasma. In others, the plasma or 
plasma mixtures were diluted with normal plasma ren- 

3 We are indebted to Dr. W. Borges of the medical 
staff of the Children’s Hospital, Boston, for generous co- 
operation in making blood from this patient available. 
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dcrcd csscnlinlly (tcc of iiroUirond>in by prior adsorption 
with barium sulfate according to the tccluiiquc of Rosen- 
ficld and Tuft (13). Tbc prothrombin time of the diluted 
mixture was then determined. By comparing the values 
thus obtained with those of normal plasma diluted serially 
in the same manner actual prothrombin activities in per 
cent of normal were calculated. 

Fibrinonen * was measured by the method outlined by 
Quick (11, page 323). To 1.0 cc. of oxalatcd or citralcd 
plasma were added 30 cc. of MjO, 2.5 cc. of 0.02 M 
CaClj, and two drops of a saline solution containinR 50 
units of thrombin (Topical thrombin, Parkc-Davis) per 
cc. After incubation at 37° C. for 15 minutes, the clot 
ws wound on a glass rod, washed with physiological 
saline, hydrolyzed with sodium hydroxide and its tyrosine 
content determined. Since it is almost impossible to re- 
move completely the fibrin clotted in stored plasma by 
winding on a glass rod, a technique was devised whereby 
the fibrin was filtered through glass wool, w.ashed and 
tlicn hydrolyzed in the usual manner. The procedure to- 
gether with observations on changes in plasma fibrinogen 
during storage will be reported in detail in a subsequent 
communication (14). 

Oxalatcd (1 cc. of 0.1 M sodium oxalate to 9 cc. of 
blood) or citrated (1 cc. of 2.5 per cent sodium citnatc 
to 9 cc of blood) normal blood was stored at 4-5° C. 
until its prothrombin time became prolonged. Sterile 
precautions were used and specimens were cultured to 
exclude bacterial contamination. Aliquots were then 
mixed with varying amounts of fresh normal, fresh or 
freshly frozen fibrinopcnic, fresh hemophilic plasmas, or 
ayith fresh barium sulfated ^ plasma, and prothrombin 
time determined. i 

RESULTS 

Effect of BaSO^ adsorption on plasma clotting 
constituents: The prothrombin time of EaSO^ 
plasma exceeds 180 seconds, indicating a prothrom- 
bin activity of less than 1 per cent of normal. The 
question arises whether BaSO^ removes important 
clotting constituents other than prothrombin. Al- 
though plasma so treated loses 100 mgm. of pro- 
tein per 100 cc. (13) its fibrinogen concentration 
and antihemophilic potency were found unchanged. 
Also (see below) it is fully capable of rectifying the 
delayed prothrombin time of stored plasma. It 
is noteworthy that BaSOi removes far less pro- 
thrombin from citrated than from oxalated plasma. 
^ Prothrombin activity of aged plasma and restora- 
tive ability of BaSO^ plasma: The activity of nor- 
uial oxalated plasma stored at 4-5° C, decreases to 
a out 3 p er cent of normal within three weeks 

The term “fibrinogen" in this paper refers to that 
Plasma protein component which is clotted by the addi- 
tion of thrombin. 

' Hereafter referred to as "BaS 04 plasma.” 


(Table I) . Citrated plasma, on the other hand, de- 
Icrioralcs more slowly. These observations agree 
with those of Quick (15). At body temperature 
llic loss is much more rapid although here, too, ci- 
Iratcd plasma is more stable. Full restoration of 
the protlirombin activity to stored refrigerated 
plasma is induced not only by the admixture of 
fresh normal citrated or oxalated plasma (as found 
by others [1, 8]) but also by BaSO^ plasma 
(Tables I, II). Substantial restoration to incu- 
bated plasma can similarly be obtained (Table I). 
Indeed, mixtures of fresh BaSO^ plasma with ox- 
alated plasma aged for more than 14 days at 4-5° 
C. exhibit much more prothrombin activity than 
the original plasma before, or wdthin the first week 

TABLE I 

Effect of lemperalure and anticoagulant on prothrombin 
activity in stored plasma 


I. Pools of oxalatcd and citrated plasma, 
subdivided and stored at 4-5° C.* 


Storage 

Oxalated 

Citrated 

Undiluted 

plasma 

Diluted 1:10 
with fresh 
BaSOi plasma 

Undiluted 

plasma 

Diluted 1:10 
with fresh 
BaSOt plasma] 


Prothrombin 

Prothrombin 

1 

Prothrombin 

Prothrombin 


time 

per 

time 

per 

time 

per 

time 

per 

days 

sec. 

cent 

sec. 

centf 

sec. 

cent 

sec. 

centf 

0 

14.8 

42 

21.4 

118 

12.1 

1004- 

18.3 

180 

3 

15.7 

32 

23.4 

100 

12.2 

1004- 

21.5 

115 

7 

21.9 

11 

24.0 

96 

11.5 

1004- 

22.0 

110 

10 

43.6 

4 

19.1 

160 

14.8 

41 

21.4 

115 

17 

60.0 

2.8 

17.6 

215 

15.9 

30 

17.8 

210 

32 

50.0 

3.2 

19.1 

160 

21.7 

11.3 

17.2 

220 

35 

58.0 

3.0 

18.8 

172 

— 

- 

! 

— 

45 

60.0 

2.8 

1 20.2 

I 130 

— 

— 

' 

' 

49 

1 

— 

1 

1 

61 

2.8 

18.2 

194 

54 



— 

■ * 

i 

1 

38 

4.2 

21.2 

118 


2. Oxalated and citrated plasma (from same donor) 
kept at 37° C. 


hours 

0 

14.0 

50 

28.0 

75 

11.9 

1004- 

27.3 

80 

1 

14.2 

45 

29.4 

68 

13.2 

72 

28.2 

74 

3 

16.2 

25 

29.7 

67 

13.1 

80 

30.1 

65 

6.5 

17.1 

23 

31.9 

58 

13.4 

65 

32.2 

58 

24 

29.7 

6.8 

33.2 

55 

18.8 

17 

33.6 

j 50 


* Culture of a representative sample of both oxalated 
and citrated plasma, performed on the seventh day of 
storage, showed no growth. The pH of both on this day , 
was 8,52 and 8,06 respectively. 

t Corrected for the 1 : 10 dilution with the barium sul- 
fated plasma. 
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TABLE II 


Restorative effect of normal or prothrombin-free plasma on lost prothrombin activity of stored plasma (4-5° C.) 



Prothrombin 


Plasma mucture 


Concentration 



(Jicr cent of normal*) 


Time 





Expected 

Found 

Fresh cit. plasma 

sec, 

12.0 

100 

100 

Stored (45 days) oxal. plasma 

116.0 


1.3 

One part cit. plasma plus 1 part stored oxal. plasma 

12.7 

51 

80-100 

Fresh oxal. plasma 

13.8 

100 

100 

BaS 04 oxal. plasma 

more than 15 min. 

0 

0 

One part fresh oxal. plus 9 parts BaSOFplasma 

25.9 

10 

9 

One part fresh oxal. plus 19 parts BaSOi plasma 

40.2 

5 

5 

Stored (7 days) oxal. plasma 

28.7 

— 

7 

One part stored plus 9 parts BaSOi fresh plasma 

21.6 

0.7 

11.5 

One part stored plus 1 part fresh plus 18 parts BaSO« fresh plasma 

23.3 

5.3 

10 

One part fresh plus 9 parts stored plasma 

21.0 

16.3 

12 

One part fresh plus 2 parts stored plasma 

15.9 

38 

30 

Fresh oxal. plasma 

14.5 

100 

100 

BaSO^ oxal. plasma 

more than 15 min. 

0 

0 

One part fresh plus 9 parts BaSOi plasma 

25.9 

10 

9 

Stored (10 days) oxal. plasma 

41.5 

— 

4.3 

One part stored plus 9 parts BaSOi plasma 

23.9 

0.4 

10 

One part fresh plus 9 parts stored plasma 

21.8 

13.9 

11 

Two parts fresh plus 8 parts stored plasma 

17.6 

23.4 

21 

Three parts fresh plus 7 parts stored plasma 

16.4 

33 

25 

Four parts fresh plus 6 parts stored plasma 

15.0 

42.6 

40-80 

Five parts fresh plus 5 parts stored plasma 

14.2 

52 

100 


* Calculated on the basis of fresh normal plasma having 100 per cent prothrombin activity. 


of storage despite the fact that the prothrombin 
time of the undiluted plasma has become very pro- 
longed. 

Prothrombin activity oj congenital afibrmogene- 
mic plasma and its restorative properties on pro- 
thrombin activity of stored plasma* As is evident 
in Table III, afibrinogenemic plasma from a pa- 
tient with congenital afibrinogenemia can fully re- 
activate the prothrombin of stored plasma. This 
is all the more significant since a mixture of equal 
parts of both contains half the fibrinogen concen- 
tration of the stored plasma alone. Fibrinogen, 
therefore, is not the factor' whose deterioration ac- 
counts for the retarded prothrombin time of stored 
plasma. 

The afibrinogenemic plasma failed to clot follow- 
ing the addition of thromboplastin plus calcium. 
According to the orthodox one-stage method of 
determining prothrombin, this would be inter- 
preted as indicating zero prothrombin. When, 
however, measured by the BaSO, plasma dilution 
technique its prothrombin activity was normal. 


Relatiofi between prothrombin activity and 
plasma fibrinogen concentration: The prothrombin 
time of mixtures of fresh normal plasma with 
congenital afibrinogenemic plasma or plasma de- 
fibrinogenated by the addition of thrombin does 
not change significantly until the fibrinogen drops 
to approximately 100 mgm. per cent (Table IV). 
Below this the prothrombin time increases until at 
17-25 mgm. per cent the apparent prothrombin 
activity is about 11 per cent of normal. Further- 
more, at this point the clot becomes translucent 
and coagulation is not abrupt. In three weeks old 
plasma (4—5° C.), on the other hand, prothrombin 
activity is about 3 per cent of normal but coagula- 
tion is sharp, the clot is opaque and fibrinogen 
concentration is well above 100 mgm. per cent 
(14). These observations also support the inter- 
pretation that deterioration of fibrinogen does not 
explain the elevated prothrombin time of stored 
plasma. 

Prothrombin and prothrombin restorative ac- 
tivity of hypoffbrinogenemic blood from a patient 
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TMU.r. Ill 


The effecl cj the addilion cj fdasina from iyitkv.l Kith 
congenital afibrinogenemia on the prothrombin 
activity of stored plasma 


ri.vma mliture (Ikru) 

I’rolhromWn 

Afibrino* 



Fred) 

normftl 

R.irium 

Ikriiim 



Rcncmic* 

Saline 

Stored t 

fuUntcfl 

rtilfntcd 

Time 

Concent. 

(Citrated) 


notmal 

elofcdt 










frrf/Kfo/ 







stc. 

r.ornofi 

— 

— 

— 

1 

9 

— 

29.1 

70 

— 

— 

1 

— 

— 

— 

6S 

2.2 

1 

— 

1 

— 

9 

— 

2.3 

103 


1 

1 


- - ■ 

12.0 

100:1: 

1 

— 

1 

— 

— 

— 

12.5 

lOOi 

— 

— 

9 

1 

— 

— 

19.2 

158 

1 

— 

9 

— 

_ 

— 

18.0 

200 

— 

— 

— 

2 

— 

8 

29.2 

35 

1 

— 

— 

1 

— 

8 

27.7 

33.5 

— 

1 

— 

1 

— 

8 

53.5 

30 

1 




9 

— 

26.5 

83 


* This plasma iras cilraled. All the others were oxa- 
lated. I _cc. of this plasma to which was added 30 cc. of 
physiological saline, 2.5 cc. of 0.02 M OiClj solution ,and 
two drops of thrombin solution (400 units per cc.) showed 
no clot within four hours. 

t Stored 19 days at 4-5° C. Cultured and found sterile. 

JThe plasma which was stored for 19 days was then 
treated with barium sulfate to remove prothrombin 
activity. 

§ Corrected for dilution. 


with liver disease: In a patient with fibrinopcnia ® 
and liver disease prothrombin aetivity as deter- 
mined by the usual procedure was about 10 per 
cent of normal. When, however, prothrombin was 
measured on a mixture of the subject’s plasma 
with prothrombin-free BaS04 plasma, higher but 
still subnormal prothrombin values were obtained. 
Clearly the BaS04 plasma provided a clotting 
agent, cither fibrinogen, or other non-prothrombin 
substances, which was inadequate in the fibrino- 
pcnic plasma and which is necessary for full pro- 
thrombin activity. That normal protlirombin ac- 
tivity was not found in the mixture was to be ex- 
pected in view of the extensive liver disease which 
this patient had (carcinoma of pancreas with dif- 
fuse involvement of the liver). 

As with the congenital afibrinogenemic plasma, 
this fibrinopcnic plasma lowered the elevated pro- 
thrombin time of stored plasma although not to 
the same degree as did normal plasma. 

The cjfect oj defibrination of plasma by throm- 
bin on its ability to reactivate the prothrombin of 
stored plasma: We were able to confirm the ob- 

® Plasma fibrinogen concentration was S3 mgm. per 
100 cc. 


TABLE IV 

Relationship between plasma fibrinogen concentration and prothrombin activity 


Experiment 1. Afibrinogenemic plasma from subject with congenital fibrinopenia 


Plasma mixture (parts) 

Fibrinogen 

concent. 

Prothrombin 

Properties of clot observed 

Afibrino 

geuemic 

Normal 

Time 

Concent. 

Volume 

Opacity 

Sharpness of 
endpoint 

0 

1.0 

1.0 

2.3 

4.0 

9.0 


mgm. per cent* 

250 

sec. 

13.0 

per cent 

100 

normal 

Opaque 

sharp 


188 

12.5 

100 

normal 

opaque 

sharp 


125 

12.8 

100 

normal 

opaque 

sharp 

l.U 

76 

14.7 

40 

small 

translucent 

sharp 

1.0 

50 

16.5 

25 

small 

very translucent 

sharp 

1.0 

25 

22.2 

11 

very small 

very translucent 

not sharp 


Experiment 2. Normal plasma defibrinated by addition of thrombin (5 units to 1 cc. of plasma) 


1.0 

171 

13.7 

100 

normal 



sharp 

7.0 

120 

13.2 

100 

normal 

— 

sharp 

5.0 

86 

13.3 

100 

normal 

— 

sharp 

4.0 

68 

14.2 

46 

small 

— 

sharp 

3.0 

51 

14.4 

43 

small 

— 

sharp 

2.0 

34 

16.5 

25 

small 

— 

sharp 

1.0 

17 

22.8 

10 

small 

— 

sharp 

1.0 

S.5 

45.0 

4 

very small 

— 

not sharp 


one m^th fibrinogen in the normal plasma. (This value was obtained on the same subject 

content. ^ normopemc plasma was shown to be completely devoid of fibrinogen but normal in prothrombin 
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servations of others (10, 16) that plasma defibrin- 
ated by thrombin can partially reactivate the pro- 
thrombin of stored plasma. That it. cannot do so 
fully is perhaps due to some inactivation of labile 
factor by the prolonged incubation (one hour) re- 
quired for complete defibrination and inactivation 
of whatever excesses of thrombin may have been 
present. ' Another possibility is partial removal 
of the labile factor by the fibrin clot. 

The effect of heat defibrinogenation of plasma on 
its ability to restore prothrombin activity to stored 
plasma: Human plasma heated at 551/^-56° C. for 
two minutes retains some prothrombin (27-40 per 
cent) but has lost its ability to reactivate the pro- 
thrombin of stored plasma. Although such treat- 
ment removes fibrinogen, the loss in prothrombin 
restorative ability was not referable to defibrination 
since adequate amounts of fibrinogen were pro- 
vided in the mixture of heat-treated with stored 
plasma. 

Can hemophilic plasma restore prothrombin ac- 
tivity to stored plasma? The admixture of hemo- 
philic plasma to stored plasma resulted in complete 
reactivation of its prothrombin activity. The co- 
agulation defect of hemophilic blood cannot there- 
fore be attributed to deficiency in labile factor, 
which is in accord with the normal prothrombin 
activity in this disease. 

Amount of labile factor necessary to reactivate 
the prothrombin of stored plasma: The reactiva- 


TABLE V 

Relation between prothrombin activity and ratio of fresh to 
stored plasma in mixture of both 


Plasma* mixture 


Normal 


per cent 


stored 
(7 days. 4-5° 


per cent 


Prothrombin 


C.) 


Time 


sec. 


Concentration 


per cent of 
normal 


100 

0 

0 

100 

10 

90 

29 

71 

33 • 

67 

50 

50 

(10 days, 4- 

100 

0 

0 

100 

10 

90 

20 

80 

30 

70 

40 

60 

50 

50 


13.8 

28.7 
21.0 

17.0 

15.9 

14.7 

14.5 

41.5 

21.8 

17.6 
16.4 

15.0 
14.2 


100 ± 

7.3 

12.0 

23.0 

40dt 


lOOdb 
4.3 
11.2 
21.3 
25.0 
40 ± 


TABLE VI 


Relation between concentrations of labile factor and 
plasma prothrombin activity 



Plasma mixture (Parts) 


Prothrombin 

Stored* 

incu- 

bated 

Fresht 

normal 

Incu- 

bated 

barium 

sulfated 

Mixt. cont. 
theoretical 
amounts of 
labile factor 

"Proth. 

Time 

Activity 

0 

1 


per cent 
of normal 
100 

per cent 
of normal 
96 

sec, 

13.0 

per cent 
of normal 
100 

0.2 

0.8 

— 

80 

106 

13.1 

100 

0.3 

0.7 


70 

103 

13.1 

100 

0.4 

0.6 

— 

60 

101 

13.7 

60-100 

O.S 

0.5 

— 

50 

99 

15.0 

39 

0.6 

0.4 

— - 

40 

92 

16.5 

25 

0.7 

0.3 

— 

30 

96 

20.6 

12J 

0.8 

0.2 

— 

20 

91 

26A 

8.4 

0.9 

0.1 


10 

99 

58.3 

2.9 

1.0 

0 

— 

0 

95 

>3 min. 

<1 

0.S 

Normal 

barium 

sulfated 

0.5 

Stored 

incub. 

barium 

sulfated 

50 

49 

18.2 

19 

0.5 

0.4 

0.1 

40 

49 

20.4 

12.8 

0.S 

0.3 

0.2 

30 

49 

24.6 

9.4 

0.5 

0.2 

0.3 

20 

49 

28-3 

7.5 

0.5 

0.1 

0.4 

10 

49 

51.0 

3.2 


* Stored 39 days at 4-5° C. Incubated for 24 hours at 
37° C. 

t The normal plasma contained 336 mgm. fibrinogen 
per 100 cc. 

% Determined by adding 0.1 cc. of the mixture to 0.9 cc. 
of fresh normal barium sulfated plasma according to the 
technique of Rosenfield and Tuft (13). 

tion of stored plasma prothrombin by progressively 
increasing admixtures of fresh plasma is shown in 
Table V. As the per cent of fresh plasma is in- 
creased, the prothrombin time decreases, but does 
not become normal until the mixture contains at 
least 50 per cent fresh plasma. It is noteworthy 
that up to 40 per cent the increment in prothrom- 
bin activity induced by the fresh plasma is prac- 
tically equivalent to the absolute amount of pro- 
thrombin activity added with the fresh plasma. 
Above 40 per cent, relatively normal prothrombin 
times are approached which unfortunately cannot 
be accurately translated into prothrombin concen- 
trations since they are in the least accurate range 
of the curve which relates prothrombin time to 
prothrombin concentrations. 

Additional experiments (Table VI) were done 
in which increasing amounts of fresh plasma were 
added to stored plasma which had been incubated 
for 24 hours prior to the experiment. In this way, 
the labile factor of the stored plasma was com- 
pletely destroyed whereas its “prothrombin B” was 
only partially inactivated. Similar mixtures were 
made using BaS 04 plasma which was also incu- 
bated. 


Oxalated plasma througbout. 
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A sharp drop in prothrombin activity ensues 
ivhcn the amount of labile factor is decreased he- 
lOW 60 per cent of normal. Of interest, also, is 
;hc fact that a given deficiency of labile factor has 
1 greater cftcct on prothroinI)in activity when tiie 
"prothrombin B” concentration is 50 per cent of 
normal than when it is normal. 

It should be mentioned that the stored incubated 
plasma (Table VI) had no demonstrable fibrino- 
gen. Nevertheless, the data arc still valid, since 
amounts of fibrinogen requisite for substantial 
prothrombin activity arc certainly provided by 
those mixtures containing at least 30 per cent of 
normal, or normal BaSO* plasma (see Table IV). 

DISCUSSION 

That afibrinogencmic plasma from a patient 
with spontaneous fibrinopenia is fully capable of 
reactivating the prothrombin of stored plasma is 
conclusive evidence that the restorative factor 
provided by fresh plasma is not fibrinogen. 
This is further substantiated by the restorative 
properties of normal plasma rendered fibrino- 
gen-free by thrombin. Although restoration un- 
der the latter conditions was only partial, any 
reactivation by fibrinogen-free plasma excludes 
fibrinogen as being the restoring agent. The dis- 
cordant results obtained with fibrinogen by Loomis 
and Seegers (4) are probably referable to con- 
tamination of their fibrinogen with labile factor. 

Thus far the existence of labile factor is predi- 
cated upon observations that the prothrombin time 
increases as plasma ages although its prothrombin 
concentration does not change, and that this can be 
rectified by the admixture of Avhole fresh plasma, 
or plasma devoid of fibrinogen and prothrombin.. 
This does not necessarily imply that it exists as an 
entity, albeit independent of these coagulation sub- 
stances. It is conceivable that the above proper- 
ties are referable to a particular configuration in 
the molecule of a plasma constituent distinct from 
fibrinogen and prothrombin, and essential for pro- 
thrombin activity as determined by the orthodox 
one-stage technique. 

The prolonged prothrombin time of fibrinopenic 
p asma, of stored plasma, and of the plasma from 
recently described patients whose clotting defects 
referable to true hypoprothrombinemia 
(.3, 17) demand reevaluation of the method for 
measuring prothrombin by the one-stage proce- 


dure. Its inadequacies derive from the fact that in 
all these instances prolonged prothrombin times 
arc observed despite normal prothrombin (B) con- 
centrations. It is also pertinent to point out that 
the U.SC of physiological saline as a plasma diluent 
jn order to bring the prothrombin time into a range 
more suitable for accurate conversion into pro- 
thrombin content may aggravate these inadequa- 
cies by diluting, simultaneously with the pro- 
thrombin, other coagulation factors whose con- 
centrations may already be critical. Clearly, these 
weaknesses of the one-stage technique can best be 
obviated by diluting the test plasma with plasma 
which has been rendered prothrombin-free in some 
manner and which still retains all other clotting 
factors. As far as is known, BaSO^. plasma fulfills 
these criteria, although we are cognizant of the 
statement by Owren (6) that BaSO^ removes 
some clotting "factor V" from plasma. (The ex- 
act amount of BaSO^ required to do this is not 
indicated.) 

Little is known regarding the exact quantitative 
relationships between labile factor concentration 
and apparent prothrombin activity. Munro and 
Munro (18) claim that there is practically no 
change in prothrombin time over a wide proportion 
of labile factor and "prothrombin B" and that a de- 
ficiency of one component can be partially com- 
pensated for by an excess of the other (3). This 
is not entirely in accord with our finding. 

Thus far no case is recorded in which a de- 
ficiency of labile factor has been observed. It ap- 
pears that reducing it below 50 per cent of normal 
can result in substantial prolongation of the pro- 
thrombin time. The experiments on our patient 
with extensive liver disease suggest that this sub- 
ject was somewhat deficient not only in prothrom- 
bin and fibrinogen, but also in labile factor since 
his plasma could not completely reactivate stored 
plasma prothrombin. That this cannot be refer- 
able to low fibrinogen concentration is clear from 
the quantitative relationships between fibrinogen 
concentration and prothrombin time (Table IV). 
It is possible that with a more practical technique 
for labile factor determination such as that of 
Stefanini and Quick (16) more patients will be 
found with coagulation defects related to insuffi- 
ciency of this entity. 

Our observations on the heat sensitivity of la- 
bile factor are not in accord with those of Quick 
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(1), who claimed that it is fairly heat stable. In 
our experience, the labile factor is quite rapidly in- 
activated at body temperature, and completely de- 
stroyed at 55^-56° C. within two minutes, which 
agrees with the finding of Honorato (10). Un- 
der these conditions “prothrombin B” is more 
stable. 

The reason why BaS04 does not remove all the 
prothrombin from citrated (in contrast to ox- 
alated) plasma is obscure. In this connection it 
also is noteworthy that aluminum hydroxide ad- 
sorbs prothrombin less effectively from heparin- 
ized than from oxalated plasma (1). 

The enhanced prothrombin activity of plasma 
stored for more than two weeks (when determined 
with BaS04 plasma as diluent) is striking and can- 
not at present be explained. Honorato (10) simi- 
larly found that a mixture of stored plasma with 
fresh plasma treated with Al(OH)3 shows more 
prothrombin activity than the fresh plasma alone. 
He attributes this to qualitative changes in fibrin- 
ogen consequent to storage which renders it more 
easily coagulable. Experiments which will be pre- 
sented in a subsequent communication (14) indi- 
cate that this cannot be the explanation since the 
fibrinogen of stored plasma becomes progressively 
less coagulable while at the same time the pro- 
thrombin activity, when measured by the BaS04 
plasma dilution technique, increases. It is un- 
likely that more prothrombin can develop as 
plasma ages. Furthermore, no such increase 
in prothrombin is found by actual isolation or when 
the two-stage technique for prothrombin deter- 
mination is used (19). It is possible that a natur- 
ally occurring clotting inhibitor (20) disappears 
as plasma is aged. 

CONCLUSIONS 

1. The prothrombin activity of stored plasma as 
determined by the one-stage technique can be fully 
reactivated by the admixture of fresh normal 
plasma, congenitally afibrinogenemic plasma, 
BaSO* plasma (prothrombin-free) or hemophilic 
plasmi The restorative factor (labile factor) is 
not fibrinogen. 

2. The prothrombin time of plasma can be 
greatly influenced by alterations in the concentra- 
tions of (o) prothrombin, (b) labile factor and 
(c) fibrinogen. 


3. Prothrombin-free BaS04 plasma has a nor- 
mal amount of labile factor, fibrinogen, and anti- 
hemophilic activity. Its use as a diluent in meas- 
uring prothrombin by the one-stage technique is 
advantageous since in this way these non-pro- 
thrombin variables are adequately controlled. 

4. Plasma stored for more than two weeks 
shows enhanced prothrombin activity when meas- 
ured by the BaS04 plasma dilution technique. 
The explanation of this phenomenon is obscure. 
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INTRODUCTION 

Exact quantitative determinations of either dig- 
italis or its derivatives in the blood of patients or 
animals receiving these drugs have never been 
accomplished. The prime difficulty of course has 
been the inability to detect relatively minute 
amounts of digitalis or allied cardiotonic drugs in 
body fluids. Because of the absence of such quan- 
titative data, very little is known about the actual 
fate in the body of either ingested or injected dig- 
italis substances. 

In previous studies (1, 2) we were able to de- 
tect by means of the embryonic duck heart prepa- 
ration extremely minute amounts of a digitalis 
glycoside (Lanatoside C.) in both Tyrode’s solu- 
tion and in human blood. Moreover, the quantity 
of glycoside detectable (less than a microgram per 
cubic centimeter of blood) by this means suggested 
the possibility that the blood of patients receiving 
Lanatoside C. might be assayed for its glycoside 
content. 

Accordingly, blood samples of ten patients who 
had received intravenously a therapeutic quantity 
of Lanatoside C. were assayed. It was found pos- 
sible not only to detect in a quantitative fashion the 
presence of glycoside in such samples but also to 
measure the rate of the drug’s disappearance from 
the blood stream. 

METHODS 

A. Quantitative detection of Lanatoside C. in hu- 
man serum (iti vitro) 

In a previous study (2) it was found that the em- 
bryonic duck heart exhibited a "digitalis effect” (the 
occurrence of A-V block, missing beats or marked re- 
tardation of beating) when immersed in human serum 
containing 0.10 ftg. or more of Lanatoside C. per cc. 
Furthermore, it was observed that the time necessary for 

1 Aided by grants from the Life Insurance Medical 
Research Fund, the U. S. Public Health Service, and 
The Sandoz Chemical Works. 


the occurrence of the “digitalis effect” varied inversely 
with the amount of glycoside present in the serum sam- 
ples. Finally, it was observed over a period of 20 months 
that no temporal variation occurred in the sensitivity of 
these embryonic hearts to a given concentration of Lana- 
toside C. These last findings offered the possibility of a 
method for the quantitative detection of glycoside. 

Accordingly, different but known amounts of Lanato- 
side C. were added (0.10 to 1.0 Ag. per cc. of serum) to 
samples of human serum and the various samples were 
refrigerated for 24 hours. Then five embryonic duck 
hearts were added to each sample and the individual 
times elapsing before occurrence of the “digitalis effect” 
were observed. This procedure was repeated until over 
20 hearts had been exposed and observed in at least four 
different samples of serum containing the same concen- 
tration of glycoside. From these data, it was possible to 
construct a table whereby the quantity of Lanatoside C. 
in any serum sample could be determined by observation 
of the average time taken for five or more embryonic 
hearts to exhibit a typical “digitalis effect.” 

B. Quantitative detection of Lanatoside C. in the 
patients’ sera 

Serum samples were obtained from ten patients (seven 
of whom were suffering from either right or left con- 
gestive heart failure) who had not received any type of 
digitalis therapy within three months. To 1 cc. samples 
of each patient’s serum, 0.10, 0.15 and 0.20 /^g, respec- 
tively, of Lanatoside C. were added. These samples to- 
gether with one not containing glycoside were refrigerated 
for 24 hours and then each was tested on five embryonic 
hearts. The embryonic hearts were found to beat nor- 
mally for at least 80 minutes in the control serum sam- 
ples of each patient. Furthermore, the times elapsing for 
the occurrence of "digitalis effect” in hearts immersed in 
the various glycoside-serum samples corresponded in 
every case to the times previously observed for the same 
concentrations of Lanatoside C. as listed in the standard 
table. It was considered, therefore, that the serum of 
each of these patients was satisfactory for the quantita- 
tion by the duck heart method of possible Lanatoside C. 
content. 

Approximately 1.6 mgm. of Lanatoside C. were given 
by vein over a period of three minutes to each of the 
ten patients. Blood samples (10 cc.) were obtained from 
the vein of the opposite arm immediately after the injec- 
tion of the glycoside and again after 7%, IS, 22^ and 30 
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minutes. In several instances, samples also were f.ahcn 
at later intervals. 

The blood samples were allowed to clot, the scrum 
was removed and stored in tlic ice box for 2-1 hours. Six 
cmbo’onic hearts then were added to two portions of 
each scatm sample and the individual timc.s clapsinn be- 
fore the occurrence of "disitalis cfTccl'' in each heart was 
noted exactly as described previously (1, 2). The time 
periods were averaged and compared to the standard 
table correlating the time elapsing before occurrence of 
“digitalis cfTcct’’ in tlic embryonic hearts with the con- 
centration of Lanatoside C. per cc. of scrum. If a sam- 
ple did not cause a "digitalis cficct’’ within a period of 
80 minutes, it was assumed, because of the previous 
study with known concentrations, that tlie sample con- 
tained less than 0.1 /'g. of glycoside per cc. of scrum. 
Therefore 0.1 /<g. of the drug was added to 1 cc. of the 
same sample and tested again. If then the average time 
elapsing before occurrence of "digitalis cltcct" was the 
same as that occurring in samples known to contain 
0.1 K. per cc. it was assumed that liic unknown sample 
contained less than O.OS /‘g. per cc. If, on the other 
hand, such a sample caused the appearance of the “digi- 
talis effect" in a time period equal to or shorter than 
that previously obscn’cd in samples containing 0.15 f‘g, 
per cc. it was concluded that the unknown sample con- 
tained at least O.OS /^g. per cc. In this manner, O.OS /'g. 
of Lanatoside C. per cc. of scrum could be detected. 


RESULTS 

A. The quantitative detection of Lanatoside C. in 
human serum (^in vitro) 

As Table I demonstrates, serum samples contain- 
ing concentrations of Lanatoside C. differing for 
the most part by only 0.1 fig. per cc. could be 


TABLE I 

RelalionsMp heliveen concentration of Lanatoside C. and 
lime of occurrence of "digitalis effect” 


Concent, of 
glycoside 


Number of 
hearts 


Time of occurrence, 
"digitalis effect" 


Average 


Standard 
error of 


ueju. 

0.05 

0.10 

0.15 

0,20 

0.30 

0.40 

0.50 

0.60 

0.70 

0.80 

0.90 

1.00 


min. 


mean 


min.' 


20 

No effect 

26 

62 

29 

56 

33 

43 

22 

32 

21 

26 

26 

22 

20 

17 

20 

15 

22 

13 

20 

11 

20 

11 


1.2 

1.3 
1.2 
2.0 

1.4 
1.8 
1.4 
0.5 
0.9 
0.9 
0.8 


quantitatively differentiated from each other by 
observation of tlic time of occurrence of "digitalis 
effect.'’ The standard error of the mean of the 
values observed at any concentration was small 
enough to allow such quantitation except when 
concentrations of 0.8 fig. or more of glycoside per 
cc. of scrum were present. These latter concen- 
trations, however, were never reached in the blood 
of patients receiving therapeutic amounts of Lana- 
tosidc C. 

B. The quantitative detection of Lanatoside C. in 

patients' sera after its intravenous injection 

As Table II indicates, the serum of each of the 
patients contained a detectable amount of Lana- 
toside C. immediately after the intravenous ad- 
ministration of 1.6 mgm. The average concentra- 
tion of the glycoside was 0.25 fig. per cc. of serum 
(Range: 0.20 to 0.40). No significant difference 
was found in the scrum concentration of the drug 
in patients with or without congestive failure. 

The initial concentration of the glycoside, how- 
ever, was not maintained for when nine serum 
samples obtained 7.5 minutes after administration 
of the drug were assayed, it was found that the 
average concentration of Lanatoside C. had fallen 
to 0.10 fig. per cc. of serum (Range: 0.05 to O.lS). 
At the end of 15 minutes, no glycoside could be de- 
tected in the sera of two of the ten patients. The 
sera of the remaining patients contained only 0.05 
to 0.15 fig. per cc. At the end of 22.5 minutes, only 
two of eight patients tested still contained a detec- 
table amount of Lanatoside C. in their blood (0.05 
to 0.10 /ig. per cc.). At the end of 30 minutes, no 
Lanatoside C. (i.e., less than 0.05 /ig. per cc.) 
could be found in the sera of nine of the ten pa- 
tients. At the end of an hour, no glycoside was de- 
tected in the sera of the four patients tested. 
Finally the sera of two patients who exhibited 
signs of digitalis intoxication at the time the 
24-hour sample was taken, 24 hours after in- 
jection did not contain a detectable amount of 
Lanatoside C. 


DISCUSSION 

The quantitative detection of Lanatoside C. in 
the blood of a patient or animal treated with this 
drug allows the future possibility of studying the 
fate of other digitalis glycosides in the human or 
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TABLE II 

The disappearance of Lanaloside C. fro?n the sernm of patients after its intravenous administration 
Concentration of Lanatoside C, in serum after its injection 


Subject 

Cong. 

lieart 

failure? 

Immediately 

7.5 Min. 

IS Min. 

i 

22.5 Min. 

30 Min. 

j 60 Min. 

24 Hours 



TDE* 

uejec. 

TDE 

MS-Icc. 

TDE 

MS./ec. 

TDE 

MS-/CC. 

TDE 1 

MS./CC. 

TDE 1 

us-tec. 

TDE 

Ut-lce. 

J. G. 

Yes 

37 

0.25 

55t 

0.05 

62t 

NDJ 

61t 

ND 

64- 


ND 

64i 


ND 

60t i 

ND 

R. S. 

Yes 

32 

0.30 

57 

0.15 

58 


0.15 

62 


0.10 

62 


ND 

64- 


ND 

— 

— 

R. R. 

Yes 

36 

0.25 

54 ' 

0.15 

52- 


0.05 

55i 


0.05 

60- 


ND 

62- 


ND 

— 

— 

J. M. 

• Yes 

37 

0.25 

■ 58 

0.15 

SO- 


0.05 

611 


ND 

66 


ND 

— 


— 

— 

— 

E. I. 

Yes 

49 

0.20 

— 

— 

54- 


0.05 



— 

64 


ND 

— 


— 

— 

— 

J.J- 

Yes 

45 

0.20 

54 

0.15 

52- 


0.05 

65- 


ND 

63' 


ND 

— 


— 

— 

— 

R. Z. 

Yes 

44 

0.20 

62 

0,10 

561 


0.05 

63- 


ND 

62’ 


ND 

— 


— 

— 

— 

U. K. 

No 

43 

0.20 

60 

0.10 

661 


ND 

67- 


ND 

65 


ND 

— 


— 

— 

— 

C. C, 

No 

25 

0.40 

62 

0.10 

61 


0.10 

— 


, 

56 


0.05 

— 


— 

62 1 

ND 

J.s. 

No 

34 

0.30 

63 

0.10 

54t 

0.05 

60t 

ND 

67 


ND 

68t 

ND 

— 

— 

Average 

38 

0.25 


0.10 












* TDE equals average time of occurrence of "digitalis effect” in five embryonic hearts, 
f 0.1 fig. of Lanatoside C. added to each cc. of serum sample. 

X ND indicates that no Lanatoside C. could be detected in serum sample. 


animal body. Little is known at present about 
this matter. 

The present study has resulted not only in a 
quantitative estimation of the actual amount of 
Lanatoside C. in tlie blood of a patient immediately 
after the intravenous administration of the drug 
but even more important, has allowed us to de- 
termine its rate of disappearance from the blood 
stream. 

In a previous study (2) it was found that when 
this particular glycoside was added to whole blood, 
little or none was adsorbed or contained in the 
blood cells. Therefore, the rapid disappearance of 
Lanatoside C. from the serum of our patients (usu- 
ally over 80 per cent within 22.5 minutes after ad- 
ministration) could not be explained by its en- 
trance into or adsorption by blood cells. Nor 
could the rapid disappearance be due to inactivation 
of the Lanatoside C. by serum, which was found 
in the previous study to be unable to do so (2). 
Also, in view of the fact that the plasma proteins 
were not able to adsorb this particular glycoside 
(2), it seems most likely that the rapid disappear- 
ance of Lanatoside C. from the blood stream was 
due to its actual escape therefrom by the simple 
process of diffusion. 

It is perhaps worthy of note that the rate of dis- 
appearance of the drug from tlie blood stream did 
not appear to be affected by the presence or ab- 
sence of congestive heart failure. It is interesting 
too that two patients experienced symptoms of 


digitalis intoxication 24 hours after administration 
of Lanatoside C., at which time none of it could 
be detected in their blood, 

SUMMARY 

1. The quantitative detection of small amounts 
of Lanatoside C. in human serum was accom- 
plished. 

2. The rate of disappearance of this glycoside 
from the blood of ten human subjects after its 
intravenous administration was observed. 

3. The probable reason for the rapid disappear- 
ance of Lanatoside C. from the blood stream of 
the experimental subjects was discussed. 
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THE RENAL REGULATION OF ACID-BASE BALANCE IN MAN. III. 
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In the normal individual the concentration of 
bicarbonate in the c.\traccllular fluid is maintained 
within limits of 24 and 2S niM per liter despite 
wide variations in the intake of acid and base form- 
ing foodstuffs. Stabilization of level depends on 
continuously operative renal mechanisms, for al- 
though carbonic acid is continously available, no 
large reserve depots of base exist upon which the 
body may draw when circulating stores are de- 
pleted, or to which the body may consign an excess 
in times of abundance. The renal problem of reg- 
ulating the concentration of bicarbonate may be 
outlined in the following terms : 1 , conservation of 
those stores which normally enter the renal tu- 
bules in the glomerular filtrate ; 2 , excretion of any 
excess present in the body; and 3 , conversion of 
the salts of fixed adds into bicarbonate to re- 
plenish depleted body stores. 

These aspects of regulation have been studied 
in normal human subjects at plasma bicarbonate 
levels ranging from 13 to 39 mM per liter. It 
has been observed at plasma concentrations below 
24 mM per liter that essentially all of the filtered 
bicarbonate is reabsorbed ; negligible quantities 
are lost in the urine. Above 28 mM per liter a 
relatively constant quantity is reabsorbed, amount- 
ing on an average to 2.8 mM per 100 ml. of 
glomerular filtrate ; any excess present in the fil- 
trate is excreted. These properties of the reab- 
sorptive mechanism would in themselves assure 
stabilization of plasma level were there no continu- 
ous drain on bicarbonate stores for purposes of 
neutralizing fixed metabolic acid. Because such 
a drain exists in the individual maintained on the 
usual acid ash diet, the renal tubules must split 
neutral salts of the glomerular filtrate, restoring 
the fixed base to the body as bicarbonate, and elimi- 
nating the unwanted anions either as free titra- 
table acid or in combination with ammonia. 


Within limits these processes of replenishment pro- 
ceed at rates proportional to the degree of deple- 
tion of the alkali reserves. The data upon which 
these findings are based are reported below. 

METHODS 

Fourteen e-vneriments were performed on three healthy 
tii.-ilc subjects in the post-absorptive state. Adequate hy- 
dration was assured by the ingestion of two to four 
glasses of water at the start of each e-xperiment. In some 
c-xpcrinicnts plasma bicarbonate was reduced by the in- 
gestion of 5 to 20 gms. of ammonium chloride on the 
preceding day. In all c.xperiments plasma bicarbonate 
was elevated by the intravenous infusion of l.S to 3.0 per 
cent sodium bicarbonate at rates of S to 13 ml. per min. 
The thiosulfate clearance was used as a measure of 
glomerular filtration rate (1, 2). 

Urine was collected with special precautions to avoid 
loss of carbon dioxide. One subject, who could empty 
the bladder completely of even small volumes of urine, 
voided into a funnel connected with a rubber tube dipping 
beneath oil. A close fit between funnel and glans mini- 
mized exposure of the urine to air. The other two sub- 
jects were catheterized and the catheter was extended 
under oil by attaching to it a length of rubber tubing. 
The urine was permitted to drain continuously through 
the catheter and at the end of the collection period the 
bladder was emptied by voluntary effort and abdominal 
compression. The customary procedure of washing out 
the bladder and introducing air at the end of each urine 
collection was avoided because of the error it causes in 
the determination of urinary carbon dioxide tension. Al- 
though more constant clearances were obtained in the 
subject who voided spontaneously, the similarity of car- 
bon dioxide tensions in urine samples collected by the 
two methods, as well as the stability of tension for some 
six to eight hours after collection, indicated that both 
methods adequately protected against carbon dioxide loss. 
Arterialized venous blood was drawn and analyzed by 
methods described in a previous communication (3). 

RESULTS 

The reabsorption and excretion of bicarbonate as 
a pinction of plasma concentration 


Aided by grants from the United States Public Health illustrative experiments on a single sub- 

ervice and the John and Mary R. Markle Foundation. ject are presented in Table I ; the first two clear- 
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The relationship between the reabsorption and excretion of bicarbonate and chloride and the plasma concentration of bicarbonate 
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ancc periods of each cxpcriincnt constitute con- 
trol observations made prior to the infusion of bi- 
carbonate. Sufficient ammonium chloride had 
been ingested on tlie day i)rcccding Experiment 1 
to reduce the plasma bicarbonate concentration to 
13.4 niM per liter, pH to 7.27, and partial pres- 
sure of carbon dioxide to 30.5 mm. Hg in the 
initial two periods. Tlic urine was acid in reac- 
tion and contained negligible quantities of bi- 
carbonate. Tlie quantity of bicarbonate filtered 
each minute was calculated by multiplying the 
plasma concentration, expressed in mM per ml., 
by the glomerular filtration rate in ml. per min. 
The quantity excreted was calculated by multiply- 
ing the urine concentration, expressed in mM per 
ml., by the rate of urine flow in ml. per min. The 
quantity reabsorbed is equal to the difTcrence be- 
tween the quantities filtered and excreted. It is 
evident that under conditions of moderately se- 
vere acidosis over 99.99 per cent of the filtered 
bicarbonate was reabsorbed ; only a negligible trace 
was excreted. 

Following tile control periods of Experiment 1, 
the plasma concentration of bicarbonate was gradu- 
ally raised from 13.5 to 18.4 mM per liter by the 
infusion of bicarbonate, the reaction of the plasma 


returning to a normal value, namely pH 7.38. In 
consequence of the increase in plasma concentra- 
tion and the increase in filtration rate, the quantity 
of bicarbonate delivered into the renal tubules rose 
from 1.34 to 2.12 niM per min. Rcabsorption of 
the filtered bicarbonate was essentially complete 
throughout this range. Likewise in Experiment 2 
at a somewhat higher control level, reabsorption 
was equally complete. However, as the plasma 
level was raised to or above 25.8 mM per liter, the 
renal tubules failed to reabsorb all of the bicarbon- 
ate presented to them, and significant quantities 
appeared in the urine. 

It is apparent from the two experiments pre- 
sented in Table I that the rate of reabsorption of 
bicarbonate increased in direct proportion to the 
increase in plasma concentration ; i.e., reabsorption 
increased from 1.34 to 3.80 mM per min. as plasma 
concentration rose from 13.4 to 38.2 mM per liter. 
However, there occurred coincidentally an increase 
in glomerular filtration rate, and since previous 
work on the dog (3) has shown that the tubular 
capacity to reabsorb bicarbonate at any given 
plasma level varies in proportion to filtration rate, 
the data were calculated in terms of mM reab- 
sorbed per 100 ml. of glomerular filtrate. It is 
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evident from Table I that bicarbonate reabsorp- 
tion expressed in this fashion increased with 
plasma concentration up to a plasma level of 27.6 
mM per liter. From 27.6 to 38.2 mM per liter 
reabsorption was essentially constant, varying only 
from 2.63 to 2.79 mM per 100 ml. of filtrate. 

In Figure 1 are presented the massed data de- 
rived from 14 experiments on three subjects. The 
reabsorption and excretion of bicarbonate, ex- 
pressed in mM per 100 ml. of glomerular filtrate, 
are plotted against plasma bicarbonate concentra- 
tion. It is evident that reabsorption of filtered bi- 
carbonate was essentially complete at plasma levels 
below 24 mM per liter. Aboye 28 mM per liter 
gross excretion occurred, and reabsorption was 
limited to an average value of 2.8 mM per 100 ml. 
of glomerular filtrate (varying within limits of 


2.6 and 3.0 mM). Thus the renal plasma thresh- 
old* for bicarbonate in this series of experiments 
varied only within narrow limits of 25 to 27 mM 
per liter. It must be emphasized that this thresh- 
old probably holds exactly only under our experi- 
mental conditions of polyuria, acutely elevated bi- 
carbonate concentration, and otherwise normal 
plasma electrolyte pattern. 

Interaction in the reabsorption of chloride and 
bicarbonate 

The ingestion of ammonium chloride converts 
a portion of tlie circulating store of bicarbonate 
into chloride, the increase in the latter roughly 
equaling the decrease in the former. In diarrhea 

2 Renal threshold is used in the sense of that plasma 
concentration above %vhich significant e.xcretion occurs. 



Fig 2. The Relationship between Bicarbonate Concentration and pH in 82 
' Specimens of Urine so Collected as to Prevent Loss of Carbon Dioxide 
The smooth curve was calculated from the Henderson-Hasselbakh equation assum- 
ing a constant pCO- of 50 mm. Hg. 
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Abnormally low concentrations of potassium, 
at times associated with muscular paralysis, have 
been observed in the scrum of diabetic patients 
while under treatment for acidosis or coma (1-4). 
Available data indicate that deficits of cell potas- 
sium are also present in at least some of these sub- 
jects (5). In an attempt to characterize and 
quantitate the magnitude of these deficits, ex- 
changes of water, electrolytes, carbohydrate, and 
protein have been investigated in diabetic acidosis 
and coma prior to, during, and following the ad- 
ministration of potassium salts. 

EXPERIMENTAL PROCEDURE AND METHODS 

Eight cases in all have been studied. Of these, two 
were adults and the remaining six juvenile diabetics 16 
years of age or younger. On admission all had Kuss- 
maul breathing, a marked reduction of the serum bicar- 
bonate content, hyperglycemia, glycosuria, and ketonuria. 

Studies during treatment and recovery were divided 
into three periods. The first or pre-KCl period extended 
from admission to the point where the patients had im- 
proved sufficiently to be maintained on an oral intake. 
During this time insulin, 0.9 per cent saline, and, once the 
blood sugar began to drop, glucose solutions were admin- 
istered in amounts summarized in Table I. Under this 
treatment ketosis diminished, overbreathing ceased, hy- 
perglycemia decreased, and mental clarity returned. This 
interval lasted 12 to 25 hours in the individual subjects. 
During the second or KCl period, 22 to 37 hours in 
length, the patients received insulin, 10.0 to 30.0 grams 
intravenously, whole milk containing 
added carbohydrate, and water as desired. The third or 
post-KCl period began after the final dose of KCl and 
lasted up to 34. hours. During this time the patients re- 
ceived insulin as needed, together with measured amounts 
of water and milk. 

In all subjects concentrations of the whole blood non- 
protein nitrogen, blood sugar (6-8), and the levels of 
serum c oride, bicarbonate, sodium, potassium and water 
beginning and end of each period 

I ). Average values for the electrolyte, carbo- 


hydrate, and protein content of fresh milk have been used 
in calculating the intake (13, 14). Urine excreted dur- 
ing each period was analyzed for nitr6gen, sodium, potas- 
sium, chloride, and glucose (6, 10, 11, 15, 16). Body 
weight was determined when possible at the start am 
end of each period. 

METHOD OF CALCULATION 

Alterations in extracellular fluid volume were calcu 
latcd from changes in the chloride space, based on th( 
external balance of this anion and corrected for change: 
in the serum concentrations of chloride as described bj 
Elkinton and co-workers, and by Darrow (17-19). Ir 
view of the dehydration known to develop in the coursf 
of diabetic acidosis and coma, the initial extracellulai 
volume was assumed for purposes of this calculation tc 
be IS per cent of the body weight rather than the usual 
value of 18.7 to 23 per cent found in non-dehydrated hu- 
man subjects (20). In two instances a pre-treatment 
weight could not be obtained. A reasonable assumption 
was therefore made as to its magnitude, based upon sub- 
sequent weights and the balance of water. The volume 
of the chloride space and the concentrations of sodium 
and potassium in extracellular water, corrected for the 
Donnan effect, were used in the calculation of increments 
and decrements of these ions in extracellular fluid. Thi 
retention of sodium and of potassium by cells was taker 
to be the difference between the intake of these cation: 
and the amounts retained in excellular fluid plus thos< 
excreted in urine. In the case of potassium the fina 
values recorded include corrections for the balance oi 
cellular nitrogen, using the K: N' ratio of 2.38 m.eq. ; l.f 
gm. N. In determining the balance of cellular nitrogen 
changes in the concentration of the nonprotein nitroger 
have been taken into account, assuming for this purpose 
that the nonprotein nitrogen is distributed uniformly 
through all of the body water, and that 0.65 of the body 
weight is water. Similar treatment of the sodium data 
does not, of course, significantly affect the balances oi 
this electrolyte because of the low Na: N ratio in cells. 
The data on cell base in -Table III represent, therefore, 
balances in excess of the sodium and potassium which 
move with nitrogen in the anabolism and catabolism of 
protein. 
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TABLE I 

Intake and output during therapy of diabetic acidosis and coma 


Intake 


Urine output 




Insulin 

HiO 

Cl 

Na 

IC 

N 

CHO 

Vol. 

Cl 

Na 

■1 

N 

Glucose 

T.W. 

I 

units 

650 

ml. 

13,335 

JH. 

1,723 

m» eq. 

1,723 

m. eq. 

49 

gms, 

0 

gms. 

300 

ml. 

1,675 

m. €q. 

178 

m. eq. 

92 

?«. cq. 

37 


11 


■II 

135 

3,333 

629 

212 

490 


270 

1,180 

192 

85 

39 


13 


III 

75 

2,150 

71 

57 

85 

lii 

268 

2,300 

442 

262 

90 

10.5 

27 

M.S. 

I 

170 

6,255 

726 

726 

8 

0.6 

132 

1,663 

79 

38 

55 


24 


II 

5 

3,075 

182 

38 

192 

8.0 

74 

2,190 

279 

133 

83 


0 


III 

20 

1,025 

34 

29 

42 

6.8 

43 

970 

121 

92 

20 


0 

J.K. 

I 

240 

5,240 

769 

769 

0 

0 

132 

3,490 

257 

265 

74 

8.6 

155 

II 

120 

5,275 

488 

69 

505 

14.2 

343 

4,050 

523 

187 

208 

11.1 

65 


III 

IS 

800 

20 

16 

24 

3.3 

98 

315 

33 

10 

16 

1.2 

14 

W.S. 

I 

154 

■K'n 

615 

615 

0 

0 

75 

1,100 

165 

116 

S3 

6.1 

26 


II 

0 

Ek ; tl 

303 

289 

322 

12.0 

155 

4,200 

718 

421 

183 

4.8 

59 


III 

58 

iisil 

51 

41 

61 

8.5 

74 

2,136 

33 

207 

60 

8.4 

22 

L.D. 

I 

280 

6,570 

775 

775 

0 

0 

143 


566 

473 

65 

7.1 

67 


II 

20 

5,510 

457 

170 

380 

15.9 

138 


306 

106 

36 

6.1 

5 


III 

70 

4,525 

131 

106 

158 

21.9 

190 

llglj 

409 

232 

51 

11.7 

2 

R.J. 

IHni 

500 

■■■■ 

998 

um 

3 

8.4 

115 

1,775 

139 


28 

10.0 

39 


105 


288 


292 

3.8 

29 

818 

133 


30 

9.8 

1 


mm 

50 

wii 

16 

13 

20 

2.7 

24 

1,790 

249 

1^ 

45 

12.7 

45 

D.C.(a) 

■ I 

245 

6,876 

1,020 

1,020 

0 

0 

127 

; n 

355 

275 

105 

14.1 

70 

II 

105 

2,550 

475 

58 

490 

12.0 

105 


990 

584 

251 

21.7 

167 


III 

57 

3,200 

105 

85 

126 

17.5 

152 

tlty] 

168 

16 

88 

16.6 

83 

D.C.(b) 

I 

230 

6,925 

973 

973 

0 

0 

275 

4,250 

73 

164 

124 

5.4 

129 

II 

90 

6,135 

495 

90 

518 

18.5 

404 

6,710 

846 

475 

233 

15.7 

268 


III 

70 

3,175 

75 

61 

91 

12.6 

185 

1,770 

72 

24 

60 

7.9 

60 


RESULTS 

A. Alteration in serum water and in extracellular 
volume 

On admission a variable degree of plasma de- 
hydration, as measured by the water content, was 
'present (Table II). The values ranged from 897 
To 924 gms. of water per liter of serum in con- 
trast to levels of 922 to 938 gms. per liter ordi- 
narily found in healthy adults (21). There is no 
nieans of deciding how much of the deficit in any 
particular patient should be assigned to losses of 
body fluid alone, and how much is to be consid- 
ered secondary to a disappearance of circulating 
plasma proteins of the type observed during de- 
pletion of body water and solutes (22, 23). At 
; the end of the first period of treatment all serum 
i water values were again in the normal range, or 
^ actually above it. No consistent pattern is ap- 
I parent in the fluctuations in serum water during 
! the second and third treatment periods, 
i The expansion in the chloride space uniformly 


observed in each patient at the end of the first 
treatment period suggests that considerable defi- 
cits of extracellular water as well had been in- 
curred prior to admission (Table III). These 
increments, as calculated from the chloride space, 
ranged from -f 1.0 to + 9.5 liters. Since subse- 
quent changes in Periods II and III of each study 
in no instance entirely cancelled this initial expan- 
sion it is reasonable to interpret this persistent 
positive balance of extracellular water as indirect 
evidence suggestive of extracellular dehydration 
on admission. On the other hand, it is likely that 
in at least some of the subjects the extracellular 
fluid volume had been overexpanded, even though 
edema did not develop. This appeared to be true 
in some of the infants with diarrhea treated by 
Darrow (19). 

B. Serum electrolyte concentrations prior to and 
during therapy 

1. Sodium and chloride: Despite these deficits 
of body water it is to be noted that the concen- 
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Fig. 3. Left; the Relationship between the pCOj of the Urine and the pCOj of the Plasma 
Right; the Relationship between the pCO. of the Urine and the Reabsorption of Bicarbonate 


a similar disturbance of electrolyte pattern results 
from the loss of alkaline intestinal secretions (4, 
5). In contrast in pernicious vomiting, loss of 
chloride is attended by a compensatory elevation of 
plasma bicarbonate (4, 6, 7). Thus there exists 
an inverse relationship between the plasma con- 
centrations of chloride and bicarbonate, whereby 
the sum of the two is maintained relatively con- 
stant. Under conditions of stress, the kidney, fail- 
ing to maintain the normal anion pattern, at least 
approximates maintenance of constant total anion 
(hence cation) concentration. As illustrated in 
Experiment 2 of Table I, this appears to result 
rom compensatory changes in the quantities of 
chloride and bicarbonate reabsorbed, when one is 
presented to the renal tubules in excess. Thus 
10.46 mM of chloride were reabsorbed per 100 ml. 
0 glomerular filtrate at a plasma bicarbonate con- 
centration of 20.4 mM per liter. As the bicarbon- 
ate level was raised the reabsorption of chloride 
^ A excretion rose. The sum of chloride 

an icarbonate reabsorbed, however, remained 
roughly constant. 


The acid-base equilibrium of the urine 

When an excess of base is liberated in the body 
in consequence of the metabolism of an alkaline ash 
diet, it is converted to bicarbonate and excreted in 
the urine. Gamble (8) and Marshall (9) have 
shown that the carbon dioxide tension of the urine 
roughly approximates that of the blood, hence large 
quantities of base bound as bicarbonate can be 
eliminated in urine of moderate alkalinity. As 
much as 220 mM of bicarbonate can be excreted 
in a liter of urine of pH 8.0. In Figure 2, the 
concentration of bicarbonate in the urines from 
our 14 experiments are plotted against urine pH. 
The reaction of the most acid urine was pH 4.44, 
that of the most alkaline, pH 7.80. The maximum 
concentration of bicarbonate was 164 mM per liter, 
a figure which is relatively low because of the di- 
uretic conditions in our experiments ; the minimum 
concentration was 0.00001 mM per liter. The 
smooth curve of Figure 2 was calculated from 
the Henderson-Hasselbalch equation assuming a 
urine pCOj of 50 mm. Hg. It is evident that above 
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pH 6.5 the reaction of the urine is less alkaline 
than would be predicted from its content of bi- 
carbonate. This deviation results from the fact, 
evident in Table I, that urines of high bicarbonate 
content have a higher pCO^ than that assumed 
in calculating the curve. As shown in Figure 3, 
carbon dioxide tensions as high as 136 mm. Hg 
were observed in some urines of high bicarbonate 
content. 

In Figure 3 the urinary partial pressure of 
carbon dioxide was plotted in two ways, on the left, 
against the simultaneously determined plasma 
partial pressure, and on the right, against the 
quantity of bicarbonate reabsorbed per 100 ml. of 
glomerular filtrate. It is evident from the lefthand 
graph that the pCOj of the urine is with few ex- 
ceptions equal to or greater than that of the plasma 
from which it was formed. Those points below 
the dashed line of equivalence may be low because 
of inaccuracies introduced by loss of carbon di- 
oxide or because of variations of pK' which would 
render the calculations inexact. The relationship, 
however, is less significant than that demonstrated 
in the righthand graph, which relates urinary pCO, 


and bicarbonate reabsorption. It is evident that 
at values of reabsorption less than 2.0 mM per 
100 ml. of filtrate, pCO™ was relatively constant, 
at values greater than this it increased rapidly. 
For reasons which will be amplified subsequently, 
it is believed that in tlie process of distal tubular 
reabsorption of bicarbonate, carbonic acid is liber- 
ated in the tubular urine. Were it possible to 
plot urine pCO, against distal rather than total 
bicarbonate reabsorption, a more exact correlation 
might be evident. 

The relation hetweeji titratahle acid and ammonia 

excretion and alkali reserve 

Since the excretion of acid anions in combina- 
tion with ammonia and as free titratable acid serves 
to replenish body stores of bicarbonate, the rates 
of both processes are determined in part by the ex- 
tent of depletion of the alkali reserve ( 10) . Base 
economy, which serves as a measure of the ef- 
fective restoration of this reserve, is determined as 
the sum of the rates of ammonia and titratable acid 
excretion minus the rate of bicarbonate excretion 
(11). The contribution of each of these compo- 
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ncnts to base economy was studied at a series of 
plasma bicarbonate levels. The results of such 
an experiment are presented in Figure 4. Since 
the rate of excretion of buftcr sub.stanccs by the 
fasted subject in ammonium chloride acidosis is 
low, creatinine was infused to increase the elimi- 
nation of titratable acid to levels suOicient for ac- 
curate evaluation. Throughout the experiment 
the rate of excretion of creatinine was main- 
tained at a constant high value. In Figure 4 
titratable acid and ammonia elimination arc plotted 
upward, bicarbonate elimination downward, to em- 
phasize their opposite relations to base economy. 
The titratable acid ® indicated was largely exog- 
enous creatinine, to a slight extent endogenous 
phosphate as noted on the graph. 

During the initial two control periods of this 
experiment, at plasma bicarbonate levels of 15 to 
16 mM per liter, 0.150 mEq of titrat.able acid and 
0.060 mEq of ammonia were excreted per minute. 
Base economy equalled the sum of these figures, 
for bicarbonate excretion was negligible. Sodium 
bicarbonate was then infused and the plasma con- 
centration was raised as a linear function of time 
over a range of 16 to 30 mM per liter. Acid and 
ammonia excretion remained at their initial high 
levels until the fifth period, when at a plasma bi- 
carbonate level of 20 mM per liter, the first per- 
ceptible reduction in these components of base 
economy was evident. 

No significant excretion of bicarbonate occurred 
until the tenth period at a plasma concentration of 
26.7 mM per liter, although before this level was 
reached, titratable acid and ammonia excretion had 
declined to a fraction of their control values. Thus 
over the range of 20 to 26 mM per liter the rates 
of excretion of acid and ammonia decreased in 
proportion to the increase in the rate of reabsorp- 
tion of bicarbonate, in the absence of significant 
excretion of bicarbonate. We interpret this to 
mean that a type of competitive inhibition of acid 
and ammonia excretion results from increased re- 
absorption of bicarbonate. Since acid and am- 
monia are formed in the distal segment of the renal 

® Titratable acid values were calculated from the pH 
ot the urine, collected in such fashion as to avoid loss of 
carbon dioxide, and the measured rates of excretion of 
creatinine and phosphate. They do not. therefore, in- 
clude titratable acid contributed by dissolved carbon 


tubules (12, 13) and since the final moiety of bi- 
carbonate is reabsorbed from the tubular urine in 
this same segment (3), we incline to the view that 
interference occurs at this level. At plasma con- 
centrations less than 20 mM per liter the quantity 
of bicarbonate delivered into the distal segment is 
so small that little interference results, and urine of 
maximal acidity and ammonia content may be 
formed. However, other factors, especially the 
duration of the acidosis, affect the excretion of am- 
monia. Perhaps these factors are the uncontrolled 
variables which render certain mathematical re- 
lationships between base conservation and alkali 
reserv^ (14) inexact in some instances. 

DISCUSSION 

The properties of the renal mechanisms for the 
rcabsorption of bicarbonate in normal man are 
such as to assure stabilization of plasma concen- 
tration at a level of 24 to 28 mM per liter. At 
plasma concentrations less than 24 mM per liter, 
essentially all of the bicarbonate delivered into the 
renal tubules in the glomerular filtrate is con- 
served, none is lost in the urine. Furthermore acid 
elimination and ammonia excretion are stimulated 
as the plasma bicarbonate level falls below 24 mM 
per liter. Both processes serve to restore base to ' 
the body as bicarbonate and thus to rebuild de- 
pleted reserves. At plasma concentrations above 
28 mM per liter a relatively constant quantity of 
bicarbonate, namely, 2.8 mM per 100 ml. of glo- 
merular filtrate, is reabsorbed; the excess is ex- 
creted in the urine, and plasma concentration re- 
turns toward the normal value. 

The nature of the tubular mechanisms accom- 
plishing these ends cannot be completely defined at 
present but sufficient information exists to permit 
their partial characterization. It is evident that no 
less than two-thirds (15), and possibly as much 
as four-fifths or more (16) of the fluid filtered 
at the glomerulus is reabsorbed during its passage 
through the proximal segment of the renal tubule. 
According to Walker (15), the residual tubular 
fluid and hence the reabsorbate are essentially in 
osmotic equilibrium with the plasma. Only in the 
distal tubule does concentration or dilution of the 
tubular urine occur. Wesson (17) holds that 
electrolytes are actively reabsorbed in the proxi- 
mal segment and that the removal of these and 
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otlier osmotically active constituents from the tu- 
bular fluid creates a diffusion force which causes 
the return of water to the blood stream. Thus 
the composition of the residual tubular fluid varies 
m its course through the proximal segment owing 
to the progressive removal of its several valuable 
constituents and to the progressive concentration 
of Its waste components, yet the osmotic pressure 
of this fluid remains nearly the same as that of the 
plasma, for the tubular epithelium is presumed 
to be freely permeable to water. 

In the rat and guinea pig (15) and apparently 
in the dog as well (17), bicarbonate is reab- 
sorbed relatively more rapidly than is water, chlo- 
ride or sodium. Thus the concentration of bi- 
carbonate in the proximal tubular fluid falls below, 
that of sodium remains nearly tlie same as, and 
that of chloride rises above its respective level 
in the glomerular filtrate. If the reabsorption of 
bicarbonate and chloride Avere the consequence of 
passive diffusion conditioned only by electrostatic 
forces and by the active transfer of sodium, one 
would expect chloride to be reabsorbed relatively 
more rapidly than bicarbonate, for the mobility 
of the hydrated chloride ion is greater than that 
of the hydrated bicarbonate ion.^ The preferential 
reabsorption of bicarbonate in the proximal tubule 
therefore suggests its active transport. 

This active transport mechanism must be of 
such nature as to satisfy the following require- 
ments. Ionic electroneutrality of the tubular fluid 
and reabsorbate must obviously be preserved. 
The capacity of the mechanism to transfer bi- 
carbonate must be limited in some fashion, for as 
described above, all filtered bicarbonate in excess 
of 2.8 mM per 100 ml. is excreted. However, 
transport capacity, although limited, is not fixed, 
for at any given plasma level the quantity of bi- 
carbonate reabsorbed is linearly related to glo- 
merular filtration rate (3). These latter two 
characteristics in reality apply to the overall re- 
absorption of bicarbonate, but since the major 
reabsorption of this ion species occurs in the proxi- 
mal segment, they must be considered to be char- 
acteristics of the proximal mechanism. Any fur- 
ther description of the nature of this mechanism is 
impossible at the present state of our knowledge. 

^ This statement is based on the specific conductivities 
of the two ion species derived from the International 
Critical Tables. 


From evidence presented previously (3) as well 
as that outlined above, the distal tubular mecha- 
nism for the reabsorption of bicarbonate would ap- 
pear to be the same as that which converts urinary 
buffer salts into free titratable acid. This latter 
mechanism accomplishes the exchange of hydrogen 
ions, formed within the tubular cells, for fixed base 
bound by weak acid anions in the tubular urine, 
hese acid anions are eliminated as titratable acid • 

the body as bicarbonate 
(lS-20) A similar excliange of hydrogen ions 
for bicarbonate bound base would form carbonic 
acid jn Ae tubular urine. Since carbonic an- 
hydrase is absent from the tubular fluid, dehy- 
dration of carbonic acid to carbon dioxide would 
proceed sloAvly, and, proidding any significant 
quantity of carbonic acid were formed, one ivould 
predict that the carbon dioxide tension of the 
bladder urine would exceed that of plasma 
As shown in the lefthand graph of Figure 3, the 
carbon dioxide tension of the urine equals or ex- 
ceeds that of the plasma. As shown in the right- 
hand one the greater the quantity of bicarbonate 
reabsorbed, the higher the carbon dioxide tension 
of the urine. We infer that at plasma concentra- 
tions less than 20 mM per liter, the bulk of the bi- 
carbonate is reabsorbed in the proximal segment, 
httle is delivered into tlie distal segment to be ab- 
sorbed by ion exchange. Accordingly the carbon 
dioxide tension of the urine is low and approxi- 
mates that of the plasma. At higher plasma con- 
centrations, proximal reabsorption is incomplete 
and appreciable quantities of bicarbonate are de- 
livered into the distal segment to undergo reab- 
sorption by ion exchange. As total absorption 
exceeds 2.2 mM per 100 ml. of filtrate, the distal 
contribution becomes appreciable, and the carbon 
dioxide tension of the urine rises rapidly to a 
value some three to four times that of the plasma. 

The view of the identity of the distal ion ex- 
change and bicarbonate absorption mechanisms 
is^ strengthened by the observation, illustrated in 
Figure 4, that there exists a type of competitive 
interference between bicarbonate reabsorption and 
titratable acid excretion, at least at plasma bi- 
carbonate levels between 20 and 26 mM per liter. 

At plasma levels below 20 mM per liter no inter- 
ference occurs for the bulk of the bicarbonate is 
absorbed in the proximal segment and little reaches 
the level of the distal ion exchange mechanism. 
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At plasma levels above 20 mM per liter bicarbonate 
reaches the distal segment in increasing quantities 
and bicarbonate bound base competes with base 
bound bj’ fixed bufifer acids in the exchange process. 
Accordingly, the excretion of titratable acid varies 
inversely with bicarbonate absorption over a range 
of plasma concentration of 20 and 26 mM per liter. 
Above 26 to 28 mM per liter frank excretion of 
bicarbonate occurs and titratable alkali is elimi- 
nated in the urine. 

A third line of evidence favoring identity of the 
distal ion exchange and bicarbonate absorption 
meclianisms is derived from experiments on the 
dog described previously (3). Sulfanilamide 
blocks the excretion of titratable acid and reduces 
the reabsorption of bicarbonate. Presumably it 
inhibits the enzyme carbonic anhydrasc which 
plays' a role in the distal tubular exchange of hy- 
drogen ions for base (18, 19). Bicarbonate reab- 
sorption is only partially blocked by sulfanilamide ; 
presumably it is the distal moiety, entering into the 
ion exchange mechanism, which is affected. 

Although these experiments outline in a general 
way the relation between plasma concentration, 
reabsorption and excretion of bicarbonate, they 
throw no light on the means by which hyperventil- 
ation brings about increased bicarbonate excretion. 
Forced breathing, induced voluntarily or reflexly 
in consequence of anoxia, lowers the bicarbonate 
content of the blood, yet leads to the formation 
of alkaline urine (11). Obviously the capacity of 
the renal tubules to reabsorb bicarbonate must be 
reduced, but no evidence exists as to the nature or 
site of action of the stimulus which brings about 
this reduction. It is possible that changes in 
plasma pH may in some way yet to be defined 
exert a regulatory influence over bicarbonate re- 
absorption. It is well known that changes in 
plasma pH of considerable magnitude occur with 
hyperventilation. 

SUMMARY 

The renal reabsorption and excretion of bi- 
carbonate have been studied in three normal sub- 
jects over a range of plasma concentration of 13 to 
38 mM per liter. At plasma levels below 24 mM 
per liter essentially all of the bicarbonate entering 
the renal tubules in the glomerular filtrate is reab- 
sorbed. Above 28 mM per liter a relatively con- 


stant quantity, averaging 2.8 mM per 100 ml. of 
glotncrular filtrate, is reabsorbed; the excess is 
eliminated in the urine. Under the conditions of 
our experiments the renal threshold is 25 to 27 
mM of bicarbonate per liter of plasma. Evidence 
is presented that bicarbonate is reabsorbed by two 
dissimilar mechanisms, a proximal and a distal 
one. Tiic latter mechanism appears to be the same 
as that which converts buffer salts of the tubular 
urine into free titratable acid. The properties of 
the proximal and distal tubular reabsorptive mech- 
anisms of man are similar to those previously de- 
scribed in the dog. 
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Fulcher and Schroeder (1) and Warren and 
Stead (2) suggested that clianges in endocrine 
activity might be present in congestive heart fail- 
ure and might explain some of the symptoms such 
as edema and sodium retention. Merrill, Mor- 
rison, and Brannon (3) found an increased con- 
centration of renin in the renal venous blood. 
No other reports of endocrine changes in con- 
gestive heart failure appear in the literature. 
Since sodium and water retention arc known to 
occur following administration of adrenal cortical 
hormones, especially desoxycorticosterone, stud- 
ies were undertaken to determine if the urine of 
patients in congestive heart failure contained in- 
creased amounts of corticoid substances. 

METHODS 

Ten male patients with congestive heart failure were 
selected at random from the Gallinger Municipal Hos- 
pital. These represented four cases of hypertensive heart 
disease, one of rheumatic heart disease, four of arterio- 
sclerotic heart disease, and one of chronic cor pulmonale 
associated with asthma. Their ages ranged from 28 to 
70 years, and all but two were negroes. The study was 
restricted to males to eliminate any possible interference 
due to changes in the menstrual cycle. Six medical stu- 
dents, none of whom had any evidence of heart disease, 
were used as control subjects. Twenty-four hour sam- 
ples of urine were collected without preservatives. In 
the case of the heart failure patients these were col- 
lected as soon after admission as possible, usually within 
the first 48 hours. The first stage of extraction was car- 
ried through in all instances within 12 hours after the 
Collection was made. 

Urinary corticoids were extracted by the method of 
Venning, Kazmin, and Bell (4) ; and the extracted mate- 
rial was stored in the refrigerator until used. Before use 
this material was taken up in 6 cc. of 10 per cent ethanol 
so that each cubic centimeter of the resulting solution 
represented a four-hour excretion of corticoids. 

This material was assayed on young male rats of the 
prague-DawIey strain, using the survival time of ad- 
rcnalectomized rats as one method of assay (5-7). The 
animals ranged in weight from 70 to 120 gm. Imme- 
lately after adrenalectomy these rats were placed on a 
let of dog biscuit with 1 per cent sodium chloride and 


5 per cent dextrose in their drinking water. After two 
to four days tlicy were considered ready for use. At 9 :00 
a.m. of the initial day tlicy were divided into cages of 
from five to ten rats and placed on a sodium-free diet 
(Table 1) with distilled water for drinking. At 1 ;00 
p.m. of this day they were given subcutaneously their 
first injection of O.OS cc. of the alcoholic solution of corti- 
coids. Tin's was repeated at 12-hour intervals as long as 
the animals survived. With each assay at least one cage 
was given extract of normal urine and one cage was 
given 10 per cent ethanol, using the same size dose. Each 
cage of animals was checked every eight hours for deaths 
and the survival time recorded in hours. 

TABLE I 


Soditim-Jrcc diet (29) 


Casein (vitamin free) 

450 gm. 

Crisco 

200 gm. 

Starch 

1570 gm. 

Dextrose 

1750 gm. 

Salt mixture* 

100 gm. 

Distilled water 

250 cc. 

Thiamine hydrochloride 

25 mg. 

Riboflavine 

50 mg. 

Calcium pantothenate 

SO mg. 

Pyridoxine 

25 mg. 

Choline 

500 mg. 

Niacinamide 

0.5 mg. 

Vitamin Af 

0.2 cc. 

Vitamin K 

10 mg. 

Vitamin DJ 

0.3 cc. 

Alpha tocopherol§ 

0.1 cc. 


* Modified Hubbell salt mixture made without sodium 
salts (30). 

t 250,000 units per cc. 

t 2 mg. per cc. of calciferol. 

§ 50 mg. per cc. 

Glycogenic activity was assayed by using male rats 
weighing 140 to 180 gm. (8). These were adrenalec- 
temized and placed on a diet of dog biscuits and a solu- 
tion of 1 per cent NaCl. Three days following adrenal- 
ectomy these rats were taken off food for 24 hours. 
Starting at 6 :00 a.m. on the day following this fast 
they were each given 0.20 cc. of the pooled urinary 
extracts (as described in the results) every hour for 
seven consecutive hours. One to two hours after the 
last injection they were given 0.2 gm. of sodium evipal 
intraperitoneally, and approximately 1 gm. of liver was 
removed and plunged into hot 30 per cent KOH. Using 
the method of Good, Kramer, and Somogyi (9) the liver 
glycogen was isolated and hydrolyzed and the resulting 
glucose determined by the Shaffer-Somogyi method 



table n 

meet of urine extracts on rat survival time 
Clinical data 


46 


ALVIN E. PARRISH 



animals assayed. 


ADKHiVAr. CORTICOIDS IN IIKART TAILURE 


47 


(10). The results were tlicn c.xprcsscd .ns niB. of rIu- 
cose per 100 riu. of body weicht. 

The st.ntistic.nl signific.nnce of the dntn w.ns determined 
by obt.nining the value of “P" corresponding to the cal- 
cul.ntcd value of "l" for the dilTcrcncc between Ibc means 
of the results obtained in the c.\pcrimcntal and the con- 
trol animals (11). 

RESULTS 

The cftcct of urine c.'clracts on tlie survival time 
of adrenalcctomized rats on a sodium-free diet is 
summarized in Table II. Four urine extracts of 
patients with congestive heart failure produced a 
significant prolongation of the survival time of 
adrenalectoniized rats over that of normal sub- 
jects when these were assayed simultaneously. 
The remaining six did not. Correlating this with 
the clinical findings, it can be seen that these 
former four patients were sicker than the re- 
mainder with one exception, E. J. Three of the 
four had orthopnea, all had three to four plus 
peripheral edema, and three to four plus pulmon- 
ary edema. Clinically, E. J. would also fall into 
this group ; but his urine did not prolong the lives 
of the experimental animals significantly. Of the 
former group, three had arteriosclerotic heart dis- 
ease and one had chronic cor pulmonale. In the 
latter group there were four cases of hypertensive 
heart disease, one of arteriosclerotic heart disease, 
and one of rheumatic heart disease. 

In order to show that adrenalectomized animals 
would live under the conditions of the experiment 
if given one of the cortical hormones, 12 adrenal- 
ectomized rats were given subcutaneously 0.5 mg. 
of desoxycorticosterone acetate in propylene glycol 
twice daily. The procedures used were the same 
as those used in animals receiving injections of 
urine extracts. There were no deaths during the 
desoxycorticosterone injections which were con- 
tinued for 216 hours. After these injections were 
stopped the animals lived an average of 194 dr 
109.1 hours. The long survival time of these rats 
subsequent to discontinuing the desoxycorticos- 
terone was possibly due to the slow absorption of 
the hormone in some animals. 

In order to show that the lives of adrenalecto- 
mized animals would not be prolonged by the 
solvent (10 per cent alcohol) alone, 25 animals 
were given 10 per cent alcohol using the same size 
dose and procedures as with those animals receiv- 
ing urine extracts. These animals lived an aver- 


age of 108 ±. 38.0 hours. This value is approxi- 
mately the same as the average for the survival 
time of animals receiving normal urine extracts 
(95.3 dz 44.3 hours). 

In practically all animals receiving the urinary 
extracts there w'ere observed toxic reactions. 
Animals became sluggish within two to four days 
after beginning the injections. Rats weighing less 
than 70 gm. were not used since it was found that 
they died very early in a trial run (50,5 hours). 
Room temperature could not be controlled satis- 
factorily, and some animals died on cold nights. 
These factors are probably responsible for the large 
standard deviations in some instances. 

Based on the clinical and experimental findings, 
the urine extracts were pooled into two groups. 
Group A consisted of those patients who were the 
sickest and whose extracts resulted in a significant 


TABLE III 

Comparison of glycogenic activity of urine extracts from 
normal subjects and from heart failure patients 


Extract 

AveraRC liver Rlycogen 
{mg.lIOO gm. of rot) 

•■p" 

Control urine 
Experimental urine: 

0.985±1.S6* (^)t 


Group A 

27.18 ±8.27* (5) 

<0.01 

Group B 

24,13 ±9.04* (5) 

<0.01 


* Standard deviation of the group, 
t Numbers in parentheses represent number of animals 
assayed. 


increase in survival time in adrenalectomized rats 
(urine extracts of patients C. C., C. D., R. L., and 
C. Corn.). E. J. was also placed in this group be- 
cause clinically he belonged there and it was felt 
the survival time produced by his extracts was 
similar to that of this group although it was not 
statistically significant. Group B consisted of 
those patients who were not so sick and whose ex- 
tracts resulted in no increase in survival time 
(urine extracts of patients W. N., I. D., H. D., 
T. B., and F. S.). These two pooled groups were 
used in the assay of the glycogenic activity of the 
urine extracts. The results are given in Table III. 
Both groups show a marked increase of glycogenic 
activity over that of control urine extract. The 
slight difference between the two experimental 
values was not evaluated because of the small num- 
ber of animals used. 
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DISCUSSION 

The results of this study indicate that there is 
an increase in the urinary excretion of corticoids 
in patients with congestive heart failure. Of the 
ten patients studied, four who appeared clinically 
to be the sickest, excreted substances which pro- 
longed the life of adrenalectomized rats while the 
remaining six did not. There was one patient 
who clinically belongs in this group whose urine 
extracts did not prolong the life of adrenalecto- 
mized rats. Both of these groups of patients, 
however, excreted an increased quantity of gly- 
cogenic corticoids. An increase of corticoid sub- 
stances in the urine has been considered as an in- 
dication of increased adrenal cortical activity (4- 
7). There is, however, in these patients another 
factor which must be considered. All but two of 
the patients had liver enlargement; and since the 
liver plays an important role in the inactivation of 
steroid hormones (12), the question arises that in 
these cases there might have been enough liver 
damage to cause only an apparent increase in cor- 
ticoid secretion rather than a true increase in cor- 
ticoid production. Some authors (13) report 
liver dysfunction in a large percentage of patients 
with heart failure, but this cannot be correlated 
with the degree of failure ( 14) . 

Increased adrenal cortical activity in other in- 
stances is believed to be the result of a reaction to 
various “non-specific stimuli” (IS). Of these 
anoxia has been shown to produce increased 
adrenal cortical activity (15-18) and Langley and 
Clarke ( 16) believe that disturbances in acid-base 
balance resulting from hyperventilation can stimu- 
late the adrenal cortex. Both anoxia and hyper- 
ventilation are present in patients with heart fail- 
ure and the increase in corticoids found in this 
study possibly represents adaptation to these non- 
specific stimuli. 

' With an increase in adrenal cortical activity so- 
dium retention would be expected, since some of 
the cortical hormones, especially desoxycorticos- 
terone, act on the renal tubules to promote the re- 
absorption of sodium from the glomerular filtrate 

( 19 , 20 ). . . , ^ 

Other investigations (21—23) indicate that the 
primary cause of sodium retention in heart fail- 
ure is a decrease in renal blood flow and glomeru- 
lar filtration which results from a shunting of blood 


away from the glomeruli secondary to renal vascu- 
lar changes. Merrill (21) and Mokotoff, Ross, 
and Leiter (22) have concluded that there is no 
increase in the reabsorption of sodium in heart 
failure but that its reabsorption is proportional to 
the glomerular filtration rate. This suggests either 
that the adrenal corticoid production is not in- 
creased sufficiently to affect sodium reabsorption 
in heart failure or that the adrenal corticoids act 
on the renal vascular system. Experimental evi- 
dence to support the latter is inconclusive. Tal- 
bott, Pecora, Melville, and Consolazio (24) stud- 
ied renal function in patients with Addison’s dis- 
ease and believe that the decreased renal function 
observed was due to a decreased tone of the ef- 
ferent arterioles of the kidney and that this was 
corrected following the administration of desoxy- 
corticosterone. No changes in renal function were 
observed in normal individuals following the ad- 
ministration of desoxycorticosterone acetate. Wa- 
terhouse and Keutmann (25) believe that in Ad- 
dison’s disease desoxycorticosterone produces a 
vasoconstrictor effect on the vascular system of 
the kidne 3 ^ Other investigators have produced 
changes in the kidney with desoxycorticosterone 
(15, 20, 26, 27). Swingle (28) believes that 
desoxycorticosterone may affect the tone of ar- 
terioles. At the present time it seems more likely 
that the increase in corticoid excretion represents 
a result rather than a cause of the symptoms seen 
in heart failure. However, because of the close re- 
lation between clinical symptoms and the increase 
in corticoid excretion, further investigation is to 
be undertaken. 

SUMMARY 

1. The urine of ten patients in congestive heart 
failure was studied for the presence of adrenal 
corticoids and compared with normal control urine. 

2. Of these ten patients, four showed an in- 
crease of corticoids over that found in normal 
urine which prolonged the life of adrenalectomized 
rats. 

3. An increase in corticoids with glycogenic 
activity was observed in urine obtained from heart 
failure patients over that of urine obtained from 
normal control subjects. 

4. The possible place of increased adrenal cor- 
tical activity in heart failure is discussed. 
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It has often been suggested that the picture and 
course of human glomerulonephritis could be best 
explained by an antigen-antibody reaction. There 
are many clinical facts which support such a hy- 
pothesis. The interval of 10 to 20 days between 
the primary streptococcal infection and the first 
appearance of clinical signs of acute glomerulo- 
nephritis, the persistent absence of direct evi- 
dence of streptococcal invasion of the kidney itself 
with evidence of severe general involvement of 
the glomerular apparatus and the often irrevers- 
ible progress of the disease seem strongly to sug- 
gest such a possibility. In our studies on the 
nephrotic syndrome (1) during the last few years 
using the fluorescein and other methods for de- 
termining capillary permeability, we had the im- 
pression that during this stage of chronic glo- 
merulonephritis we are dealing with a diffuse dam- 
age of the entire capillary network throughout the 
body, possibly produced by an “allergic” reaction. 

Good evidence has been presented that by an an- 


tigen-antibody reaction a picture very similar to 
human glomerulonephritis and its different stages 
can be produced in experimental animals. Masu^ 
(2) has shown that a chronic glomerulonephritis 
can be produced by the injection of a heterologous 
immune antikidney serum. Sarre and Wirtz (3) 
were able to demonstrate that such antibodies are 
rapidly and selectively adsorbed by the kidney and 
thus disappear out of the circulation, giving rise 
to specific changes in the kidney. _ They were also 
able to show that other organs bind these specific 
antibodies to a much lesser extent. Swift and 
Smadel (4) demonstrated the specificity of such 
antikidney serum by the fact that an injection of 
kidney extract immediately preceding the injec- 
tion of the antikidney serum prevented kidney 
damage. Injection of liver extract did not afford 
this protection. Burky (5) in turn showed that 


1 Supported by a grant from the John and Mary R. 
Markle Foundation. 


lens material of rabbits when incubated with 
staphylococcus toxin and injected into rabbits 
produced antibodies to lens which in turn attacked 
the lens of the same animal species. Hecht. 
Sulzberger and Weil (6), by the utilization of 
the synergistic action of staphylococcus toxin and 
of homologous skin antigen, succeeded in the 
production of specific antiskin antibodies. 

Cavelti (7-9) was able to produce, in a high 
percentage of rabbits and rats, a picture similar to 
human glomerulonephritis and rheumatic heart 
lesions by the injection of homologous kidney and 
heart extracts, respectively, incubated with strep- 
tococci or staphylococci. He also succeeded in 
showing the appearance of specific antibodies in 
the blood of such animals with the modified col- 
lodion technique of Cannon and Marshall (10). 
Schwentker and* Comploier (11) also demon- 
strated that in rabbits antibodies to kidney can be 
produced by injecting a rabbit kidney extract pre- 
viously incubated with staphylococcus or strepto- 
coccus extract. They also showed that in the ma- 
jority of recent cases of scarlet fever antibodies to 
kidney can be found by complement fixation one to 
two weeks after the acute phase but that similar 
antibodies can be demonstrated only in a small 
percentage of normal individuals. 

Stimulated by these experiments and search for 
a possible “allergic” mechanism which would ex- 
plain the increased capillary permeability in acute 
nephritis and the nephrotic stage we investigated 
the bloods of 23 patients with different stages of 
glomerulonephritis and of 68 controls in whom 
there were no signs of glomerulonephritis by his- 
tory or clinical examination. Since we deviated 
in some major points from the collodion method 
as suggested by Cannon and Marshall (10) and 
by Cavelti (12) a full description of the method 
used is essential to enable reproducibility and to 
avoid if possible pitfalls in the extremely delicate 
and somewhat unpredictable method. 
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I. Prc/iirflfioii 0 / collodipo f'^rliclcs 

All water jiscd in tlic preparation of coltoilion particles 
is triply distilled in plass and all apparatus used is com- 
pletely made of plass. One-lialf pound of collodion (non- 
ficxiblc Merck or Mallinclcrodt) is very slowly poured 
into 2 liters of water with constant stirrintr. The mass 
so formed is then washed with four changes of just 
enough water to cover it. The mass is then dried after 
c.\ccss water has been pressed out with clean hands. 
The mass is now left to dry for three days in a be.aker 
at room temperature. Thereafter a S^o stock solution is 
prepared by adding acetone to tbc mass in a water bath 
at *10° under constant stirring. This stock solution may 
be used for three months if kept in a dark bottle. 

For a test of 400 tubes 75 cc. of stod: solution arc 
needed to obtain the necessary particles. A motor-driven 
stirring rod is suspended close to the bottom of a beaker 
containing the stock solution. This is done in a water 
bath at 40° C. While stirring, a mixture of three parts 
water to one part acetone is added in a fine stream until 
a gelatinous mass separates and the supernatant fluid be- 
comes cloudy. This supernatc is then discarded and the 
mass rcdissolvcd in a somewhat smaller volume of ace- 
tone. This procedure is repeated twice, each time dis- 
carding the supernatc. The fourth and succeeding super- 
nates arc collected in a flask containing 300 cc. cold 
Wi.tcr. This procedure is repeated until the gelatinous 
mass fails to form. Compressed air is then bubbled 
through the suspension until all acetone has evaporated. 
This requires two days. The suspension is then fdtered 
through glass wool. Subsequently, the suspension is 
washed by the following procedure: J) In an angle 
centrifuge the suspension is spun at 3000 r.p.m. for five 
minutes. The largest particles settle down and arc dis- 
carded. 2) The supernatc is recentrifuged at 2500 r.p.m. 
for one hour. The supernatc is now discarded and the 
precipitate resuspended by gentle agitation in 50 to 100 
cc. of water to give a milky suspension. 3) Again this 
suspension is centrifuged at 2500 r.p.m. for one hour. 
The supernatc is discarded and the precipitate resus- 
pended and centrifuged as before. 4) At the end of this 
third one-hour period the particles are resuspended in the 
smallest volume of water that will permit complete re- 
suspension and centrifuged at 3000 r.p.m. for five minutes 
discarding the precipitate. The supernatc is used as 
stock suspension and should not be kept for more than 
a week. It is recommended that the collodion suspension 
be examined under the Fishcr-Kahn viewer before use for 
the absence of self-agglutination. If clumps are visible 
the suspension must be discarded. 

n. Preparation of the antigen 

The kidneys obtained from autopsies performed within 
a few hours after death are cut up, washed in several 
changes of saline until free of blood and ground in a 
Waring Blendor. Enough 1.1% saline solution made 
with triple distilled water is added during the grinding 


to make a 207o emulsion. Care should be taken that the 
solution docs not overheat during the grinding process. 
The suspension is then centrifuged at high speed until 
the supernatc is absolutely clear. This takes between 
two and three hours at 3000 r.p.m. If the solution does 
not clear at this speed further centrifugation at 5000 
r.p.m. should be used. Tbc clear supernatc is stored at 
approximately —20° C. The effectiveness of antigens 
seems to decrease after 10 days. The antigens differ 
widely in antigenic properties, a question which requires 
further study. 

III. Coating of collodion particles 

After studying many methods of coating the following 
was found most satisfactory. The final collodion sus- 
pension described above is tested for the dilution which 
is necessary to make it match tube No. 3 of McFarland’s 
scale (13). Small amounts of undiluted collodion sus- 
pension and undiluted antigen solution are then mixed 
ill such a way tliat when the proper amount of 1.1% 
saline is added to make the collodion suspension match 
McFarland’s tube No. 3 the antigen is in a dilution of 
1 : 60. Various antigen titrations with different antigens 
and different test sera indicated that an antigen dilution 
of 1 ; 60 is the most effective dilution although variations 
with different antigens are considerable. The final mix- 
ture of collodion and antigen is permitted to stand at 
room temperature for one hour before use. 

The sera 

Bloods to be tested should be collected on the day 
before use with dry syringes, allowed to clot firmly and 
the sera taken off. They are kept overnight in an ordi- 
nary refrigerator. Prolonged storage of sera shows in- 
creasing non-specificity in tests. The last 46 tests were 
run with the sera inactivated for one hour at 56° C. It 
is the authors’ impression that this procedure eliminates 
non-specificity but also depresses somewhat the specific 
titres obtained. It has been accepted at present as part 
of the routine procedure. 

The test 

Serial dilutions of the sera by the doubling method 
and employing 1.1% saline are set up in serological test 
tubes so that each tube contains O.S ml. of the diluted 
serum. The first tube contains a dilution of 1:5. Then 
0.2 ml. collodion-antigen mixture is added to each tube. 
Controls are made up of each serum (1:5 to 1 : 40) with 
0.2 ml. uncoated collodion in such a dilution as to match 
McFarland’s tube No. 3. Additional controls are made 
of 0.5 ml. saline and 0.2 ml. of coated collodion particles 
but no serum. The tubes are stoppered and allowed to 
stand at room temperature for one hour. Thereafter 
they are spun in an angle centrifuge for three minutes 
at 1400 r.p.m. Each rack of tubes is then inverted 
sharply three times to resuspend the particles and the 
tubes are then read in a Fisher-Kahn viewer. The posi- 
tive tubes will show discrete small particles with a clear 
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surrounding fluid, while the negative tubes show a milky 
suspension. Numerous modifications of this last method 
were tested but the method as described above was found 
to be the most reliable. The use of kidneys of young 
rabbits as antigens was studied but the tests were too 
few to be conclusive. 

The method is very delicate and cumbersome. Occa- 
sionally, entire runs will be negative or positive, with- 
out any known deviation in technique. Such runs have 
to be excluded. 

The particular antigen used in our tests seems to be 
of great importance. It was found that adult human 
kidneys are much less satisfactory than kidneys of in- 
fants or stillbirths. This fact has been demonstrated by 
us repeatedly and seems rather important not only for the 
performance of the test but also for the general aspect 
of the physiologic mechanism. But even kidneys from 
young individuals vary considerably in antigenic quality 
for unknown reasons. Fractionation and concentration of 
the antigen may eventually aid in the explanation of this 
observation. In order to secure a uniform statistical 
basis each test was run in such a way that approximately 
the same number of control and nephritic bloods were 
used in each run. In 11 tests the sera were absorbed 
with human liver extracts. The results did not differ 
fiom those obtained without absorption. To exclude the 
possibility of blood group factors influencing the results 
11 tests were carried out with absorption of the sera with 
mixed red cells. Again the results obtained with or 
without absorption did not deviate, indicating that these 
factors do not influence the specificity of the results 
obtained. 

RESULTS 

Twenty-three cases of glomerulonephritis were 
examined in 122 individual determinations. The 
cases were arbitrarily classified as early or late 
nephritis on the basis of duration of signs or symp- 
toms, a duration of less than one year being con- 
sidered early and longer than one year being con- 
sidered late. The 12 cases of early nephritis in- 
cluded four cases of acute glomerulonephritis, four 
which started with a nephrotic syndrome and four 
cases of chronic glomerulonephritis of less than 


one year’s duration. The 11 cases of late nephritis 
were all chronic glomerulonephritis ranging in 
duration from one and one-half to 12 years. Six 
of the late cases had marked reduction of renal 
function with inulin clearances of less than 18 ml. 
per minute and chemical retention. In all, 44 de- 
terminations were done in the early and 78 in the 
late cases. The results are given in Table I. 

The group of nephritics showed titres of 1:10 
or above in 75% of the determinations. The aver- 
age titre in this group of positive reactions was 
1 : 623. Of the determinations in nephritics, 18% 
showed a titre of 0, and 7 % a titre between 0 and 
1:10. The highest titres obtained in this group 
(1:80,000) were obtained on two occasions from 
dififerent specimens. Since these values were ex- 
ceptionally high they were not used as such in the 
statistics but reduced arbitrarily to the next high 
value of 1 : 5000 in order not to raise the average 
titre disproportionately. Of 23 cases in all stages 
of nephritis 18, or 78.3% were positive more than 
60% of the times tested. 

Splitting the group of nephritics up betAveen 
early and late nephritics the following results were 
obtained. Of the 12 cases considered as early 
nephritis with 44 determinations 30, or 68% 
showed titres of or above 1 : 10. The average titre 
was 1:918. A titre of 0 was obtained in 11, or 
25% of the determinations; 7% had titres be- 
tween 0 and 1 : 10. The 11 cases of late nephritis 
with 78 determinations showed a titre of 1:10 or 
above in 61 tests, or 78% of the determinations. 
The average titre was 1 :337. A titre of 0 was 
present in 11, or 14% of the determinations and 
a titre below 1 : 10 but above 0 in seven tests, or 

9%. 

Of all nephritics examined there was not a single 
case where on repeated determinations the titre 


TABLE I 


Antibody determinations in nephritic and control groups 



1 

No. of cases 

1 

No. of 

determinations 

Positive determinations 

Aver, litre 
of positive 
determinations 

Cases consistently positive* 

Total nephritis _ , 

Early nephritis 

Late nephritis 

23 

12 

11 

122 

44 

78 

WO. 

91 

30 

61 

per cent 

75 

68 

78 

1:623 

1:918 

1:337 

■ 

per cent 

78 

58 

100 

Controls 

68 

126 

24 

19 

1:78 

4 

6 


* Nephritics 60% or above. Controls 50% or above. 
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was persistently below 1 : 10. .The age distribution 
of the nepbritics as well as the control eases is 
given in Table 11. 

Sera of 6S control eases with various ailments 
or normals were subjected to 126 determinations 
(Table I). This group included the following 
diagnoses: normal young adults, 33; active pul- 
monary tuberculosis, 11; diabetes, 11; essential 
hypertension with demonstrable renal involve- 
ment, two; essential hypertension without de- 
monstrable renal involvement, three; acute upper 
respiratory infection, two; Laenncc’s cirrhosis, 
one; secondary anemia of unknown etiology, one; 
syringomyelia, one; inactive rheumatic fever, one; 
advanced arteriosclerosis, two. The titres in 24 


TABLE n 

Age distribution of nephritic and control groups 


Aces 

yrs. 

Early nephritis 
no. 

Late nephritis 
no. 

Control croup 
no. 

0-5 

5 


6 

5-10 

1 


3 

10-20 

2 

4 

21 

20-30 

2 

1 

30 

30-50 

2 

6 

6 

over SO 



2 


tests, or 19.0% of the control determinations were 
1:10 or above. The average titre in this posi- 
tive group was 1 :78. Seventy-six determinations, 
or 60% of the control tests showed a titre of 0, 
while 26, or 21.0% showed titres above 0 but 
below 1 : 10. Of the 68 control cases four, or 
6% were positive more than 50% of the times 
tested. On each one of these four only one de- 
termination was done. It should be stated that of 
the 68 control cases 26 were tested more than once. 
In these, 84 determinations were done, of which 
20, or 23.8% were positive (1:10 or above). 
None of these 26 cases were positive in more than 
50% of the tests (Table I). 

DISCUSSION 

From the data described it will appear that in 
a high percentage of nephritics of all stages of the 
disease the occurrence of antibodies to normal kid- 
ney can be demonstrated. The results described 
may still be improved in the future since many of 
the tests were technically imperfect in the begin- 
ning and the antigen certainly requires much fur- 


ther study with the view of purification. If,-in the 
majority of cases of chronic glomerulonephritis, 
antibodies to normal kidney tissue are constantly 
or commonly circulating in the blood the progres- 
sive course of the disease would be well explained. 
Whether the wide variations in titre in an indi- 
vidual case and the occasional complete absence of 
a jiositive litre arc due to technical imperfections 
of (he delicate method or whether they really rep- 
resent variations in antibody formation remains to 
be seen. One case with the nephrotic stage of 
chronic glomerulonephritis showed a titre of zero 
during an attack of measles. Subsequently, the 
nephrotic phase disappeared as is often observed. 
Two weeks after the measles the titre went up to 
1 : 40. If it is true that as a result of measles the 
antibody level in general is severely depressed it 
would possibly explain the temporary clearing of 
certain phases of chronic glomerulonephritis sub- 
sequent to rubeola. The fact that none of the 
cases of glomerulonephritis showed a consistently 
negative titre seem to confirm the impression that 
the mechanism of the disease is related to an anti- 
gen-antibody reaction. The presence of high anti- 
streptolysin titres and their increase subsequent to 
reinfections seem to indicate that the streptolysins 
may possibly be the factor which split up certain 
otherwise nonantigenic kidney proteins and com- 
bine in a hapten linkage so that they become anti- 
genic. The antibodies in turn are then no longer 
restricted to the hapten-kidney linkage but attack 
kidney substance directly in the form of a direct 
precipitin reaction, as demonstrated in vitro by 
the precipitin reaction with the kidney antigen 
made visible by the collodion agglutination tech- 
nique. The high specificity obtained by using in- 
fants’ kidneys and the marked nonspecificity ob- 
tained from adult material may explain the high 
incidence of glomerulonephritis in young indi- 
viduals. Further studies to correlate antistrepto- 
lysin titres with autoantibodies to kidney are in 
progress. Rantz and his collaborators (14) have 
shown that during the first two years of life anti- 
streptolysin titres are very low. This may explain 
the relatively low incidence of glomerulonephritis 
in infancy in spite of the high antigenicity of infant 
kidney tissue. Cavelti’s original report that a high 
percentage of cases of rheumatic fever show anti- 
bodies to heart in their sera has recently been 
modified (15) since tests with a modified antigen 
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did not show the same degree of specificity. Here 
again the decisive, role of the antigen has been 
demonstrated, and it is possible that infant’s heart 
may yield better and more consistent results. 
The low incidence of positive titres in normal con- 
trols makes tlie results more significant. 

At present the technical difficulties of the method 
described in this paper and its occasional complete 
failure do not make it applicable as a routine clin- 
ical test. It is to be hoped that with further knowl- 
edge of the antigen new and simpler methods can 
be worked out for more general use. Our at- 
tempts with the complement-fixation method as 
suggested by Schwentker have failed. The meth- 
ods as suggested by Hecbt, Sulzberger and Weil 
(6) should be investigated. 

One cannot avoid speculating on the possibility 
of neutralizing these antikidney antibodies as a 
therapeutic approach if they should prove to be a 
link in the pathogenesis of glomerulonephritis. 

The fact that all authors were forced to employ 
many injections of their “nephrotoxins” to pro- 
duce persisting lesions suggests that human ne- 
phritis does not develop and progress from a 
single insult but rather from the constant presence 
and occasional stimulation of antibodies to renal 
tissue. This lends support to the thought that a 
maintained neutralization of the antibodies may ar- 
rest or interfere with the progress of the disease. 

SUMMARY 

1. The clinical and experimental evidence sup- 
porting the concept that glomerulonephritis is due 
to a continuous organ-specific antigen-antibody re- 
action is reviewed. 

2. A modified collodion particle technique for 
detecting antibodies to kidney tissue is described. 

3. In 23 cases of glomerulonephritis of all stages 
antibodies to human renal tissue were demon- 
strated in 75^0 of the 122 tests done (average titre 
1:623) and 18, or 78.3^o of the cases were posi- 
tive in more than 60^ of the tests. 

4. In 12 cases considered as early nephritis 
68% of the 44 determinations done were positive 
(average titre 1:918). 

5. In 11 cases considered as late nephritis 78% 
of the 78 determinations done were positive (aver- 
age titre 1:337). 


6. In 68 control subjects antibodies to human 
renal tissue were demonstrated in 19% of the 
126 determinations (average titre 1:78). Four, 
or 6% of the 68 cases were positive in more than 
50% of the tests. 

7. Renal antigens obtained from infants or 
stillbirths show a greater specificity and higher 
titres than antigens from adult renal tissue. 

8. The importance of the continuous presence of 
antibodies to kidney in a high percentage of cases 
of nephritis is discussed in relation to the clinical 
course of the disease and a possible therapeutic 
approach is suggested. 

We are indebted to Dr. Marion B. Sulzberger for 
many helpful suggestions; to Dr. Harriet Chase for her 
help in working out the methods; and to Drs, L. Slobody, 
M. Narelf and J. F. Kilgus for clinical material. 
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Rheumatoid arthritis is considered a disease 
which involves the connective tissue and support- 
ing structures of the body with its primary nidus 
in the interfibrillar ground substance of these struc- 
tures (1). The ground substances are thought to 
be composed of mucopolysaccharide-protein com- 
plexes. The nature of two of the polysaccharides 
is known — chondroitin sulfuric acid and hyaluronic 
acid. The latter has been isolated from skin, the 
vitreous of the eye and from synovial fluid (2). 
The synovial space has been regarded as an en- 
larged tissue space (3) and synovial fluid may be 
obtained with relative ease in many patients with 
rheumatoid arthritis. A study of the hyaluronic 
acid in the synovial fluid of patients with rheuma- 
toid arthritis in contrast to normals seemed worth- 
while as the characteristics of the hyaluronic acid 
thus obtained might parallel changes in other mu- 
copolysaccharides in the smaller connective tissue 
spaces throughout the body. 

Hyaluronic acid in synovial fluid is tlie com- 
ponent of the fluid which is responsible for its 
high viscosity (4). A variety of quantitative vis- 
cosimetric methods have been applied to the vis- 
cous nature of synovial fluid since 1925 (5). 
These have yielded conflicting data but most seem 
to agree that normal joint fluid is a very viscous 
material (6). Bauer, Ropes and Waine (3) dem- 
onstrated that there is a wide range of viscosity 
values obtained from both normal and pathological 
fluids. We have shown that the viscosity of nor- 
mal human knee joint fluid varies inversely with 
the degree of peripheral edema present (7). 
When joint fluid or purifled hyaluronic acid is di- 
luted with 0.85 per cent saline or distilled water 
an exponential curve is obtained (8, 9), and with 
fluids of high viscosity small increments of diluent 
fluid cause marked decreases in viscosity For 
these reasons, viscosity alone cannot be taken as 
an index of the concentration of hyaluronic acid 
or of the extent of polymerization of the mucopoly- 


saccharide. The concentration of hyaluronic acid 
may be approximated by the mucinclot method of 
Bauer et al. (3), but the clot thus formed contains 
both protein and hyaluronic acid and changes in 
protein concentration could cause errors in the de- 
termination of hyaluronic acid concentration. Re- 
cently a method has been described whereby the 
hyaluronic acid content of 1 cc. of fluid can be 
determined with an accuracy sufficient for a bio- 
logical method (2). 

MATERIALS AND METHODS 

Joint fluid was drawn at autopsy from the knees of 11 
patients without joint disease. In some of these insuffi- 
cient fluid was obtained for a S-cc. viscosimeter. These 
fluids were diluted with 0.85 per cent saline and the vis- 
cosity and turbidimetric determinations of hyaluronic acid 
were made on the same diluted sample. Fluid was ob- 
tained from one or both knee joints of 35 patients with 
rheumatoid arthritis. Viscosity was determined as de- 
scribed previously (7). Hyaluronic acid concentration 
was determined by the method of Meyer (2). 

The exponential curve derived from dilution of syno- 
vial fluid or pure sodium hyaluronate becomes a straight 
line when the logarithm of the viscosity is plotted against 
dilution (Figure 1). Dilution mirrors the concentration 
of hyaluronic acid and thus a straight line relationship 
exists between the log viscosity and concentration. A 
quotient obtained by dividing the log viscosity by the 
concentration would be constant for a given fluid regard- 
less of the amount of diluent extracellular fluid intro- 
duced. Since the increased viscosity of synovial fluid is 
due almost completely to the hyaluronic acid present (7, 
10) and the viscosity is an index of the polymerization 
at a given concentration, this quotient gives an approxi- 
mation of the mean polymerization of the hyaluronic acid 
present in a. sample of fluid. A highly viscous fluid with 
a low concentration would yield a high quotient and 
would indicate an highly polymerized hyaluronate. Thus 
the extent of polymerization would vary directly with the 
quotient. 

RESULTS 

In the normal fluids examined, Table I, the 
quotient was greater than ten in all. Normally 
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RELATIVE LOa RELATIVE 
VISCOSITY VISCOSITY 



Fig. 1. Dilution Curves Plotted against Relative Viscosity X HjO 
AND Log Relative Viscosity X HjO 
(I) Knee joint fluid obtained at autopsy from a patient without joint 
disease. (2) Knee joint fluid from a patient with rheumatoid arthritis. 
(5) 0.5 per cent Na hyaluronate. 


polymerized hyaluronate would have a quotient of 
ten or above. In the fluid from patients with 
rheumatoid arthritis (Table II), the quotient was 
with few exceptions less than ten, which would im- 
ply that the hyaluronate in these fluids was less 
highly polymerized. The severity or intensity of 
the disease seems to bear some relation to the ex- 
tent of polymerization of the hyaluronate. With 


one exception, patient A. Da., all patients in the 
group with a quotient above 8.10 exhibited few of 
the criteria of a generalized illness. With the ex- 
ception of A. Da., these patients could be grouped 
as smouldering cases or cases in remission. The 
four patients with quotients above ten were all 
what is commonly known as “burned-out cases” of 
long duration with resultant deformity and few 
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During the past few years various studies have 
been undertaken in this laboratory in an attempt to 
elucidate the pathological physiology and nature of 
polycythemia vera. Although the etiology re- 
mains obscure, interesting data have been accumu- 
lated on (i) blood ox 5 ’-gen saturation, (2) Oj 
consumption and CO, production, (3) diffusion of 
gases across the alveolus-blood barrier, and (4) 
bone marrow findings. The present paper is con- 
cerned with a brief discussion of blood oxygen sat- 
uration in polycythemia and the results of deter- 
minations made on 74 subjects, 48 of whom were 
suffering from polycythemia vera. Subsequent 
reports will cover the remaining phases of the in- 
vestigations and others. 


was used exclusively. In this method the whole car is 
warmed for one-half hour by placing over it an anes- 
thesia mask containing a small electric bulb. After warm- 
ing, a small incision with a No. 11 surgical blade will 
produce a free flow of arterial capillary blood which can 
be rapidly withdrawn into the syringe containing a drop 
of mercury and previously rinsed with either heparin or 
a heparin-fluoride mixture. After the blood is collected, 
the ear cup is removed from the short rubber tubing con- 
necting it to the syringe, and the tubing is turned on 
itself and made airtight with a rubber band. The drop 
of mercury is then used to mix the blood and anticoagu- 
lant by rapidly turning the syringe from side to side. 
The analysis must be made within a few hours, and the 
syringe with blood must be kept on ice at all times ex- 
cept when the actual determinations are being made. 

RESULTS 


METHODS 


The diagnosis of polycythemia vera was made by the 
usual clinical and hematologic methods which included a 
complete blood count, packed cell volume, and sternal 
marrow aspiration. Blood volumes were done on some 
patients employing the dye T-1824, radioactive colloids 
of zirconium and yttrium (1), the CO method, or by the 
use of radioactively labeled red cells. Viscosity deter- 
minations and circulation times were also done in most 
cases. All patients had chest X-rays to exclude pul- 
monary pathology, and no patient with a chronic cardiac 
or pulmonary history was included in this series except 
as noted in the cases of secondary polycythemia. 

Blood was drawn from the resting patient anaerobi- 
cally from either the radial or brachial artery, and the 
oxygen content and capacity determined by the micro 
gasometric technique of Roughton and Scholander (2). 
Arterial capillary blood from the lobe of the ear drawn 
anaerobically into a tuberculin syringe by means of a 
small glass ear cup was found to give the same results, 
and after sufficient controls had been done the ear method 


1 This work has been supported first by a grant from 
le International Cancer Research Foundation and later 
y one from the U. S. Public Health Service 

2 Aided by a grant from the Sara Welt Fund; from the 
’hysics Laboratory and Medical Services, Mt. Sinai 

lospital, New York. , , t>u • a 

8 From the Donner Laboratory of Medical Physics and 

he Radiation Laboratorv. 


For purposes of comparison the cases of poly- 
cythemia vera were divided into two groups, those 
with hematocrits below 50 % and those above. A 
total of 48 cases of polycythemia vera was ex- 
amined on whom 97 oxygen saturation determina- 
tions were done, 70 by ear capillary metliod and 27 
by the usual radial or brachial artery method 
(Tables I and 11). Analyses of the oxygen satu- 
ration were also done in 18 normal persons (Table 
III), in five patients with hypochromic anemia 
(Table IV) and in three cases of erythrocytosis 
secondary to chronic pulmonary or cardiac dis- 
ease (Table V). 

Eight cases of polyc 3 d:hemia vera had packed 
red cell volumes below 50%. These patients had 
been treated with either phlebotomies or radio- 
active phosphorus before the oxygen determina- 
tions were done. The average hematocrit was 
44.5 =t: 0.62 and ranged from 41.5 to 46.8. The 
blood oxygen saturation determined on ear capil- 
lary blood ranged from 90.0 to 98.4% with an 
average of 93.9=!= 1.1%. In four of these cases 
arterial blood from the brachial artery gave a 
slightly lower oxygen saturation, the results rang- 
ing from 88.2 to 93.8% with an average of 91.3 =fc 
.3%. 
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TAIILE I 


Kesulls in polycythemia vera with hematocrits of 50% or over 


Case No. 

HKb. ^ 

RHC 

X 

O'/ttitn.’ 

Hcm- 

nloctit 

IIlooU Volume 

E.ir 

Artery 

Oi 

Content 

Oi 

C.-ipaclty 

o« 

Satu- 

ration 

Time 

Content 

Ot 

Capacity j 

Oi 

Satu- 

ration 

Time 





litrn 

Utfrs 




M 






Cmr, 


r* 

RUC 

tlaxma 

wJ. % 

rot.% 

% 


tot. % 

rot % 

% 

hrs. 

1 

17.6 

7.17 

60 



21.9 

22 

95 

HI 


1 



2 

24.3 

7.96 

75 



2S.S 

31 

93 


27.3 

30.4 

90 

5 

3 

29.8 

8.1 

76 



36.3 

37.8 

96.2 


36.0 

37.6 

95.8 

3 

4 

17.9 

6.4 

55.8 



22.1 

23.0 

96 

1 

' 22.3 

23.0 

97 

2 

5 

19.0 

6.3 

57.5 



24.4 

24.8 

98.5 

1 





6 

20.7 

7.96 

70 



25.0 

26.6 

94 

2 





7 

18.5 

6.03 

55 

3.7 

3.0 

23.7 

24.1 

98.4 

1 

23.9 

24.3 

98.4 

2 

8 

20.1 

7.07 

60.6 

4.4 

2.8 

25.6 

26.6 

96.2 

1 





9 

25.3 

9.84 

81 

9.0±2.0 

2.0±0.4 

30.4 

32.8 

92.5 


30.5 

33.2 

92.0 

4.5 

10 

22.5 

9.22 

79 

— 

— 

25.7 

27.6 

93.0 






11 

17.3 

9.24 

62 

4.4 

2.7 

20.0 

22.0 

1 91 


20.2 

22.2 

91.0 

4 

12 

18.9 

5.32 

54 

3.8 

3.3 

22.8 

24.1 

95 






13 

18.9 

5.96 

56 

4.2 

3.5 

23,3 

24.1 

96.8 

2 





14 

17.0 

6.18 

60 



20.2 

: 22.2 

91.0 

i 6 


i 



15 

15.2 

6.82 

50 

3.2 

3.2 

18.9 

20.0 

92.4 

5 





16 

23.4 

1 7.82 

63 



28.7 

29.9 

96.1 

4 





17 

15.8 

8.66 

70 



20.3 

20.6 1 

98.5 

3 





18 

22.5 

7.76 

69 



28.3 

29.6 1 

95.5 

3 





19 

18.5 

6.24 

52 



22.0 

24.1 i 

91.4 

4 





20 

22.9 

10.82 

70 



27.0 

29.7 

92.5 

4 





21 

23.1 

7.62 

66 

3.9 

2.6 

27.6 

30.0 

92 

3 

28.1 

30.0 

93.8 

4 

22 

17.3 

5.78 

so.s 

3.2 

3.1 

21,7 ! 

22.2 

97.5 

2 1 





23 

18.5 

7.56 

63 

4.5 

2.5 

21.8 

24.0 

91.0 

3 

i 




24 

19.2 

7.78 

70 



23.7 ; 

24.8 

95.5 1 

2 1 





25 

17.3 

7.78 

55 



21.3 

22.1 

96.5 j 

2 i 





26 

18 

6.9 

62.5 



22.2 

23.0 

96.5 

2 

i 

1 




2/ 

23.5 

9.04 

72.3 



28.9 

31.1 

93.0 1 

2 1 

1 




28 

19.1 

10.2 

75.0 



23.0 

24.6 

93.3 

2 1 





29 

23.5 

9.2 

77 



28.7 

30.8 

93.0 

1 





30 

18 

7.09 

63 



22.8 

23,2 

98.0 

1 





31 

15.9 

6.24 

51 



19.5 

20.3 

96.0 

1 

1 





32 

19.3 

9.85 

73 



22.7 

24.8 

91.5 

4 i 





33 

16.5 

9.62 

60 



20.4 

21.4 

95.4 

3 i 





34 

15.2 

6.7 

52 



19.2 

20 

96 

3 





35 

19.1 

6.5 

58 

4.3 

3.4 

23.9 

25.1 

95 

1 

22.9 

24.4 

94.0 

1.5 

36 

19.5 

7.5 

61 

4.6 

2.8 

23.3 

25.3 

92 

2 

20.0 

21.2 

94.0 

2.5 

oi 

19.2 

6.3 

57 

4.2 

3.1 

23.8 

25.0 

95 

1 

22.0 

23.0 

95.5 

2 

33 

zO.5 

9.2 

70 

5.4 

2.6 

25.6 

26.7 

96 

1 

26.0 

26.9 

96.5 

2 

3y 

22.0 

7.3 

97 

4.9 

2.3 

27.7 

28.9 

96 

1 

27.6 

28.7 

96.0 

2 


19.2 

6.5 

59 

4.2 

2.9 

24.0 

24.9 

96.5 

1 

23.8 

25.0 

95.0 

2 

Average 



63.2 





94.7 




94.5 



The remaining 40 cases of erythremia had an 
average hematocrit of 63.2 1.8% with a mean 

oxygen saturation of 94.7 ±0.36% as determined 
on ear capillary blood. In 13 of these cases with 
an average packed cell volume of 67.3 ± 3.9%, the 

large artery blood oxygen saturation was 94.5 ± 
1.3%, 


Normal and hypochromic anemia cases ex- 
amined in the same manner yielded similar re- 
sults, viz., 95.1 ±0.59% and 96.0 ±1.1%, re- 
spectively. 

The three cases of secondary polycythemia 
yielded low oxygen saturation, the results ranging 
from 75 to 88% with a mean of 79.0 ±4.5%. 
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TABLE II 

Polycythemia vera with hematocrits less than 50% 


Case No. 

Hgb. 

RBC 

X 

lOVmm’. 

Hemato- 

crit 

Blood Volume 

Ear 

Artery 

Oi 

Content 

Or 

Capacity 

Oi 

Satu- 

ration 

Time 

Oi 

Content 

Oj 

Capacity 

0, 

Satu- 

ration 

Time 





lUers 

.. 1 
liters 










gms» 


% 

RBC 

plasma 

rot. % 

rol. % 

% 

hrs. 

rol. % 

rol. % 

% 

hrs. 

1 

15.9 

7.34 

46.8 

2.8 

3.2 

18.9 

21.0 

90.0 

4 

18.5 

21.0 

88 2 


2 

13.9 

5.48 

45.5 



16.4 

18.2 

90.0 

4 

16.4 

18.2 

90 0 


0 

17.5 

5.8 

42.9 



22.6 

23.0 

98.4 

2 





4 

18.0 

5.62 

46.0 

3.1 

3.6 

22.0 

23.5 

93.5 

2 





5 

14.9 

5.42 

41.5 



18.6 

19.5 

93.8 

3 

18.7 

19.6 

93 8 

4 

6 

16 

5.56 

46.0 



19.8 

20.6 

96.0 

] 





7 

13.4 

4.93 

43.0 



16.3 

17.5 

93.0 

3 

16,4 

17.5 

93 5 

4 

8 

14.9 

6.66 

45.0 



18.8 

19.6 

96.3 

2 





Average 



44.5 





93.9 




91.3 



DISCUSSION 

Few complete studies of arterial oxygen satura- 
tion in polycythemia vera are available. There is 
general agreement, however, among the scattered 
reports that saturation is within normal limits. In 
a total of 14 reported determinations in uncompli- 
cated polycythemia vera results ranged from 91.0^ 
to 97.0% (3-7), the average of 93.6% being 
slightly lower than an average of 95.5% reported 


for a series of 15 normal individuals (8). These 
figures compare favorably with those obtained in 
our study. 

Bauer, Lawrowsky, and Skujin suggest after 
studying a large series of patients, two of whom 
had polycythemia vera, that there is a lessened de- 
gree of oxygen saturation of the hemoglobin as the 
amount of hemoglobin increases, so that the 
amount of oxygen carried by a given amount of 


TABLE III 

Results in normal subjects 


Case No. 

Hgb. 

RBC 

X 

lO’/mm*. 

Hemato- 

crit 

Ear 

Artery 

Os 

Content 

Or 

Capacity 

Oj 

Saturation 

Time 

Oj 

Content 

Oj 

Capacity 

Oj 

Saturation 

Time 


gfJts. 


% 

vol. % 

vol. % 

% 

hrs. 

vol. % 

vol. % 

% 

hrs» 

1 

15.6 

5.1 

46 


20.5 

98.2 

1 





2 

15.8 

5.2 

46 


20.8 

99.4 

3 





3 

12.9 

4.4 

42 

16.8 

17.0 

98.9 

1 





4 

15.6 

5.3 

47.8 

18.6 

20.3 

90 

2 





5 

15.3 

4.95 

44.0 

18.7 

19.9 

94.7 

1 

18.9 

20.1 

94.0 

2 

6 

15.8 

5.4 

48.0 

19.4 

20.8 

93.3 

1 





7 

15.5 

5.2 

46.8 

18.6 

19.0 

98.0 

1.5 





8 

14.3 

4.65 

42.4 

17.1 

17.9 

95.8 

2 





9 

13.4 

4.45 

43 

16.7 

17,8 

93 

2 





10 

17.0 

5.6 

48.4 

20.8 

22.5 

92 

3 





11 

15.1 

4.9 

44 

19.3 

20.2 

95 

2 





12 

15.4 

4.7 

42.5 

20.8 

23.1 

90 

1 





13 

15.5 

4.5 

42 

16.9 

17.7 

95 

2 





14 

14.3 

4.7 

42 

18.4 

18.9 

97 

2 





15 

13.6 

4.4 

43 

16.7 

17.7 

94 

3 





16 

16.0 

5.2 

46 

19.7 

21.2 

93 

3 





1 7 

15.8 

5.25 

47 

19.4 

21.1 

92 

3 




' 

18 

15.3 

5.01 

45 

20.0 

20.3 

98.5 

1 





Average 



45.7 



95.1 
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TARLE IV 

Results (if oxy/^en saUnalion in ancmin 


Case 

No. 

HKb. 

RtlC 

HrmMo* 

cril 


Ki 

ir 


X 

1 O'/mm.* 

Oi 

1 CoO' 
lent 

O, 

C.^iwc- 

ily 

Oi 

raUon 

Time 

I 

pns. 
11.3 , 

4.05 

% 

33.9 : 

rnl. 

% 

14.2 

r.'I. 

r* 

14.8 

r* 

40 

95.7 

hrs. 

l.S 

2 ! 

11.7 

4.S 

39.2 ! 

15.0 

15.5 

97.0 

2 

3 

9.6 

3.6 

26.3 

12.3 

12.5 

98.9 i 

2 

4 

12.S 

4.45 

37 

15.3 1 

16.1 

95.0 1 

2.5 

5 

11.0 

4.2 

35.0 

13.6 ! 

14.6 

93 ' 

2.5 

.Average 



34.5 

! 

i 

1 

96.0 : 



hemoglobin would be greater in a normal than in 
a patient with polycythemia (9), In the series of 
cases studied by us, patients with hematocrits as 
high as 81% had nonual oxygen saturation. In- 
creased oxygen capacity witli nonnai o.xygcn satu- 
ration was reported by Altschule and his co- 
workers although no figures were shown (10), 
Moschowitz has used arterial oxygen saturation as 
the important diagnostic criterion in differentiating 
behveen uncomplicated polycythemia vera and sec- 
ondary erj'throcj'tosis due to hypertension of the 
pulmonary circulation or prolonged mountain sick- 
ness, saturation being normal in true polycythemia 
(11). Hitzenberger in reporting normal arterial 
oxygen saturation in six patients with polycy- 
themia vera also stresses this point (6). 

It has been suggested by Bans! and Groscurth 
that the hemoglobin in polycythemia vera does not 
give up its oxygen to the tissues as readily as does 
normal blood (12). Isaacs, however, has shown 
that in polycythemia vera the hemoglobin is nor- 
mal in all respects, and the oxygen unsaturation of 
venous blood is within normal limits (13), He 
found the venous unsaturation to be about 5 vol.%. 


the same as the average found by Harrop in 15 
normal cases (8), Altschule and his coworkers 
reported similar results (10). 

I'itz intcriiretcd nonnai arterial o.xygcn satura- 
tion in erythremia as due to increased pulmonary 
ventilation (14). Harrop and Pleatli studied alve- 
olar gas diffusion in seven cases by determining the 
diffusion constant for carbon monoxide, and while 
finding the blood oxygen content to be high and 
the saturation low but within normal limits, re- 
ported a decrease in the pulmonary permeability 
to o.xygcn (3). They measured blood oxygen sat- 
uration in three of the patients immediately after 
exercise, and found significantly lower figures than 
they had obtained at rest. The failure to maintain 
normal saturation during a time of increased meta- 
bolic demand for o.xygen, they felt, was linked to 
poor pulmonary permeability. 

O.xj-gen saturation of hemoglobin is a function 
of the partial pressure of oxygen dissolved in the 
blood. This pressure of oxygen is dependent on 
the diffusion of oxygen across the alveolus-blood 
barrier and is in equilibrium with the alveolar 
o.xygen tension of about 100 mm. Hg. Normal 
oxygen saturation in polycythemia vera would thus 
seem to signify a normal pressure of oxygen and 
would further seem to indicate normal diffusion 
across the alveolar membrane. This is supported 
by additional experimental evidence to be reported. 

It will be noted that the figures for oxygen sat- 
uration we report as normal are lower by a small 
percent than those of some other recent authors. 
Comroe, for example, in arterial oxygen tension 
studies reports an average pressure of oxygen of 
93 mm. Hg corresponding to about 98% oxygen 
saturation (15). Direct spectrophotometric stud- 
ies of the circulating blood of normal dogs by Drab- 
kin and Schmidt have given saturation values of 


TABLE V 

Results of oxygen saturation in secondary polycythemia 


Case No. 

Hgb. 

RBC 

X 

i 

Hemato- 

crit 

i 

1 Ear 

Artery 

Oj 

Content 

o* 

Capacity 

! 

Saturation 

Time 

Os 

Content 

Os 

Capacity 

Os 

Saturation > 

Time 




% 

Ml. % 

Ml. % 

% 

firs. 

rot. % 

voh % 

% 

hrs. 

1 

17.0 

6.58 

58.0 

19.5 

22.1 

88.0 

3 i 






17.4 

7.5 

63 

17.3 

23.0 

75.0 

1.5 

17.6 

23.0 

75.2 

2 


18.5 

8.1 

65 

18.6 

24.5 

76.0 

3 





Average 



62 



79.0 




75.2 
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TABLE VI 

RcsuUs in 12 cases in which low arterial saturations were found 


Case No. 

Hgb. 

RBC 

X 

lO'/mm*. 

Hemato- 

crit 

Blood Volume 

Ear' j 

Artery 

Oj 

Content 

Oi 

Capacity 

Oi 

Satu- 

ration 

Time 

Or 

Content 

Oi 

Capacity 

O: 

Satu- 

ration 

Time 





tilers 

tilers 










gms. 


% 

RBC 

ptasma 

rot. % 

rot. % 

% 

hrs. 

rot. % 

rot. % 

% 

hrs. 

1 

14.2 

8.25 

48 

2.9 

3.1 

16.8 

18.9 

88.8 

18 

16.8 

18.9 

88.8 

18 

2 

15.95 

6.74 

55 



20.3 

21.2 

96 . l ' 

3 





3 

15.4 

4.78 

44 



19.6 

20.5 

95.5 

2 






15.8 

5.4 

46 



18 

21.1 

85.4 

8 





4 

14.35 

5.39 

46.4 



16 

18.9 

85 

6 






18.5 

7.51 

55 



22.6 

24.5 

92 

4 





1 

5 

19.3 

7.89 

1 

57 



23.3 

25.7 

90.5 

5 






14.9 

5.88 

47 



17.7 

19.8 

89.8 

7 





6 

17.1 

■' 6.2 

47 



19.3 

22.7 

85.4 

8 

20.0 

22.8 

88 

7 


15.0 

4.57 

42 



17.7 

19.9 

88.4 

10 

17.2 

19.9 

86.5 

9 

7 

14.0 

5.2 

45 



16.0 

19.1 

84 






8 

15.0 

4.53 

44 



16.8 

19.9 

84.4 


16.7 

20.0 

83.5 

6 

9 

14.5 

7.56 

46.1 



16.2 

19.3 

84.5 

11 

16.2 

19.4 

83.5 

10 

10 

21.0 

7.35 

65 



25 

27.9 

89.4 

9 

24.4 

28 

87 

- 8 

11 

18.9 

7.9 

60 



21.7 

25.2 

86 

6 





12 

15.95 

5.75 

56 



18.3 

21.0 

87 

7 





Average 








86.2 




83.6 



98.5% ; similar determinations carried out on nor- 
mal human subjects gave figures as high as 98% 
to 99.3% (16, 17). They concluded that determi- 
nations performed by the usual gasometric tech- 
niques are too low by about 2% or more. 

Ammundsen has shown that normal blood may 
contain “inactive hemoglobin” equivalent to as 
much as 2.5 vol.% CO capacity (18). In analyz- 
ing the errors of the gasometric method Roughton, 
3 _nd Root conclude that traces of COHb, 
which dissociate slightly during oxygenation to 
increase the effective oxygen capacity, and the 
conversion to normal hemoglobin of some of the 
“inactive hemoglobin” described by Ammundsen 
together with other minor factors give readings 
which are too low by about 2% (19). 

In 12 cases studied at the onset of this investiga- 
tion, a total of 16 oxygen saturation determina- 
tions from ear blood and six from the radial ar- 
tery were made and the results were very low 
with an average o£ 86.2?!, (Table VI). On^ 
two of the ear determinations were within the 
normal limits (95.5?4 and 96.191. 0= saturation) ; 
the remaining 14 results ranged from Wfc to 
92%. The arterial oxygen saturation results in 


six of these cases done at the same time ranged 
from 83.5% to 88% with a mean of 83.6%. Sub- 
sequent determinations in four of these cases re- 
vealed normal oxygen saturation results. It was 
later demonstrated that these low results were 
due to the fact that the blood was permitted to 
stand for hours before the oxygen capacity was de- 
termined. Correcting this error in technique in- 
creased the values and brought the oxygen satu- 
ration determinations closer to normal. In poly- 
cythemia vera there is an increase in total circulat- 
ing red cell mass and thus probably an increase in 
carboxyhemoglobin and in inactive hemoglobin. 
Unless the Og content and capacity determinations 
are done shortly after withdrawal of the blood, 
there may be a release of the formerly unavailable 
hemoglobin with a consequent increase in the oxy- 
gen capacity leading to an erroneously low value 
for the oxygen saturation. 

It seems apparent that in the resting patient with 
polycythemia vera, there is no great deficiency in 
the saturation of the circulating hemoglobin with 
oxygen. The values for the oxygen saturation in 
all the conditions studied except secondary eryth- 
roc 3 i;osis probably fall within normal limits. 
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Tlicre is an increase in oxygen content and ca- 
pacity wliich is proportional to the increased cir- 
culating red cell mass. Where the hematocrit is 
normal, the oxygen content and capacity arc sim- 
ilarly nonnal and the oxygen saturation is about 
95%. There .of course remains the possibility 
that during exercise there is significant unsatura- 
tion as suggested by Harrop and Heath (3) and 
this question is now under investigation in this 
laborator)’. 

SUMMARY 

( 1 ). Arterial blood oxygen saturation in poly- 
cythemia vera is within the limits of normal in the 
resting subject. (2). Low oxygen saturation re- 
sults may be due to many factors amongst which 
are the inherent errors of any gasomctric tech- 
nique as well as the presence of traces of carboxy- 
hemoglobin and inactive hemoglobin. (3). Gaso- 
metric oxygen determinations must be done soon 
after the blood is taken to prevent erroneously low 
oxygen saturation results. 
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INTRODUCTION 

/ 

The phosphorus turnover of tumors has been 
widely studied in animals and has been found to 
be/higher than in normal tissues. Several blood 
dyscrasias have also been investigated extensively 
(1-3). The high uptake of radiophosphorus by 
eukemic cells and by red cells in polycythemia 
yera has been applied to the treatment of these dis- 
eases (4, 5). Low-Beer and collaborators have 
Observed an increased uptake of radiophosphorus 
V human breast carcinomas as measured through 
7 .skin in vivo (6) ; but they have derived no 
^ /‘rmation about turnover. Since no studies have 
10 cn made of the turnover of phosphorus in natur- 
j 2 .ily occurring human cancers, we thought it of 
— — aterest to investigate the phosphorus turnover of 
Avera'g^j.j,jj^Qjj^g^ jj-jg human stomach, one of the most 
-.nnion of human malignancies. Because phos- 
98.59liorus takes part in so many reactions of the body, 
mal I- also seemed of interest to determine whether 
to 99.ny change in phosphorus metabolism was related 
naticto any particular group of compounds. Therefore, 
niquehe turnover of the acid soluble, lipid, and protein 
Aiphosphorus fractions was determined independ- 
contai,\i;ly. The possible existence of quantitative dif- 
muci fences in the phosphorus content of nonnal tis- 
ii 7 \tb'ie and of tumor tissue was also investigated. 

E ■: 


111 Cl. 


METHODS 


‘ These studies were made on patients undergoing sub- 
'total gastrectomy, either for malignancy of the stomach 
naa,r for non-malignant duodenal or gastric disease. The 
^etbathological diagnoses and other pertinent data are re- 
u v^nrded in Table I. All patients were under the routine 
care of the surgical service and received blood trans- 
^1 fusions and other intravenous medication as indicated. 

)n5 ^This work was supported in part by the Office of 
' Naval Research. 

2 1st Lt., MC, AUS. Present Address: Los Alamos 
Scientific Laboratory of the University of California, 
X-Box 1663, Los Alamos, New Mexico. 

,rn 3 Present Address: Radiation Laboratory, University 
of California, Berkeley 4, California. 


Radioactive phosphorus as KH;P*0, was furnished by 
the Clinton Laboratory at Oak Ridge, Tennessee, and 
solutions were prepared and standardized by R. F. Cow- 
ing of the New England Deaconess Hospital. The origi- 
nal sample was suitably diluted with distilled water and 
autoclaved. This neutral solution was administered in- 
travenously approximately 36 hours prior to the scheduled 
time of operation. The chosen dose of 1 microcuric per 
pound of body weight was based on calculations by 
Cowing (7) which showed that this would lead to a 
total body irradiation of not more than 1.5 r. 

Within one hour after removal of the stomach the 
mucosa was stripped from the stomach wall and prepared 
for analysis. In the non-cancerous stomachs mucosa was 
taken from the greater curvature, lesser curvature and 
pre-pyloric area; duodenal samples were obtained when- 
ever possible. In the tumor-bearing stomach the posi- 
tion of the lesion was usually such that normal samples 
of all the areas could not be obtained. Consequently, a 
sample of normal appearing mucosa as far from the lesion 
as possible was taken. Histological study later showed 
that there were no malignant cells in the areas taken as 
.non-cancerous. In the ulcerating tumors the samples 
were taken from the actively growing edge of the lesion. 

The following analyses were performed: 

Total phosphorus: 300 mg of tissue were dried in an 
oven at 110° C for two to three hours and then digested 
with 10 N H-SO, and superoxol. 

Acid soluble phosphorus (inorganic phosphate, ester 
phosphate, adenylic acid, adenosine diphosphate, adenosine 
triphosphate, creatine phosphate, etc.) : 400 mg of tissue 
were minced with scissors and ground with 10% tri- 
chloroacetic acid in a small glass Potter-El vehjem tissue 
homogenizer.^ The filtrate was digested with 10 N 
H-SO* and superoxol. 

Lipid phosphorus (lecithins, cephalins, sphingomyelins, 
etc.) : 500 mg of tissue were finely minced with scissors 
and ground in tlie homogenizer wuth 1 : 1 ethyl alcohol- 
ether mixture. The homogenate was then extracted with 
two successive portions of alcohol-etlier mixture on the 
steambath for periods of 30 minutes each. The com- 
bined extracts were evaporated to dryness and digested 
with 10 N H-SOi and superoxol. 

Protein phosphorus (chiefly nucleoprotein, but includes 
some phosphoprotein which does not yield nucleic acid 
upon hydrolysis) : This fraction was calculated as the 
difference between the total phosphorus and the sum of 
the acid soluble and the lipid fractions. 

* Made to specifications by Macalaster Bicknell Com- 
pany, Cambridge, Mass. 
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TABCE I 


Clinical data on patients 





1 

Time between 

FatlioIoKlcal dlafpioala 

Remarks 

of 

Wclglit 

Arc 

1 

Scjc 

operation and 

p.itlcnt 


Iniectlon 




fct. 


i 

hrt* 



C. M. 

i 44.4 

54 

1 M 

40 

In.nctivc cicatrizing duo- 







dcnal ulcer 


J.M. 

1 59.0 

1 33 

M 

42 

Active duodenal ulcer * 

Stomach histologically 





! 

normal 

. J.C. 

61.4 

I 68 

M 

44 

Active benign gastric 
ulcer 


M. E. 

54.4 

68 

M 

45 

Polypoid adeno- 

Lesion size of plum 






carcinoma of stomach 


S. A. 

60.4 

60 

M ' 

38 i 

1 

Ulcerating carcinoma of 
stomach 

Ulcerating carcinoma of 

Atrophic gastritis 

S. K. 

73.2 

57 

M ' 

41 


i 

i 

1 

1 

1 

stomach 


M.W. ! 

43.8 ! 

66 1 

1 

F 1 

29 

Ulcerating carcinoma of 
stomach 

Generalized carcinoma- 


K.O. ' 

66 ' 

60 

F 

42 

1 Sample of tissue taken 





1 

tosis. Origin in stom- 

outside of stomach from 






ach 

direct extension of le- 

E. F. 






si'on 

34.4 

78 

F 

24 

Linitis plastica 

No normal gastric mu- 







cosa 


After the digestion, each sample was diluted to a suit- 
able volume and aliquots were taken of the same sample 
for counting in solution with a Gciger-Muellcr dipping 
counter (8) and for determination of the phosphorus con- 
tent by the method of Fiskc and SubbaRow (9). The er- 
rors of the chemical determination were about 5%, while 
the counting errors were as high as 10%. The protein 
phosphorus values, being calculated as differences, have 
larger errors than the other determinations. Values 
given in the tables represent averages of duplicate deter- 
minations. 

Expression of results: Results have been expressed as 
Biological Concentration Coefficient (10) 

BCC = _yonnts per m in found in sample/mM ■ - -.nn 
counts per min injected/gm body weight ^ 

This value is a coefficient and has no dimensions. 


All data have been analyzed statistically; Fisher’s “t” 
test was used throughout as a criterion of significance 
( 11 ). 

RESULTS 

Phosphorus content: The possible existence of 
quantitative differences in the phosphorus content 
of normal gastric mucosa and of cancers was in- 
vestigated. Table II shows the phosphorus con- 
tent of the several areas of non-malignant stom- 
achs. Applying Fisher’s “t” test to the data in the 
table, we find that they are statistically homogene- 
ous, i.e., there is no value that varies from the mean 
of the series by more than could be accounted for 
by chance. Therefore, the average of these results 


TABLE II 


Phosphorus content of various areas of non-cancerous stomachs 


Name 

of 


rotal phosphorus ! 

Acid soluble phosphorus 

Lipid phosphorus 

Protein phosphorus 


; Greater 
curva- 
ture 

1 Lesser 
; curva- 
ture 

pylorus 

1 Duo- 
denum 

Greater 

curva- 

ture 

Lesser 

curva- 

ture 

Pylorus 

Duo- 1 
denum 

Greater 
curva- j 
ture 

Lesser 
curva- 1 
ture 

j 

Pylorus* 

Duo- 

denum 

Greater 

curva- 

ture 

Lesser 
curva- ' 
ture 1 

Pylorus 

Duo- 

denum 


mMfsm 

0.0668 

*nM(gm 

0.0680 

mUIgm 

Q . 0 S 77 

niMfgm 

mMfgtn 

0 . 020 S 

mMfgm 

0.0205 

mMfgm 

0.0212 

mMfgm 

mMfgm 

0.0221 

mM fgm 
0.0173 

mMfgm 

0.0123 

mM fgm 

mMfgm 

0.0213 

mMfgm 

0.0297 

mMfgm[ 

0 . 024 S 

mMfgm 

ES3 

0.0706 


0.0513 

0.0674 

0.0205 

1 0.0152 ' 

1 0.0168 

0.0158 

0,0213 

0.0102 

1 0.0121 

1 0.0205 

0.0289 

i 0.0206 

1 0.0223 

1 0.0316 


0.0697 


— 

— 







B 




jjeji 


Aver- 
age 1 

S.D. 

Q .0600 

0.0106 

0.0187 

0.00394 

! 

I 0.0157 

0.00474 

0.0232 

0.00613 
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TABLE III 

Phosphorus content of gastric cancer and of non-cancerous gastric mucosa 


Name 

of 

patient 

Diagnosis 

Total pliospliorus 
mM/sm tissue 

Acid soluble pliospliorus 
mMlcm tissue 

Lipid pliospliorus 
miljgm tissue 

Protein phosphorus 
mHlem tissue 

Cancer 

Non- 

cancer 

Cancer 

Non- 

cancer 

Cancer 

Non- 

cancer 

Cancer 

Non- 

cancer 


Non-cancer 


0.0642 




0,0172 


0.025 


Non-cancer 


0.0590 


■wM 


0.0160 


0,023 


Non-cancer 


0,0568 


Wmm 


0.0136 


0.024 


Non-cancer 


0.0600 


0.0190 


0.0157 


0.024 

M. E. 

Cancer 

0.0823 


0.0202 

mmm 

0.0177 

0.0100 

0.045 

0,011 

S. A. 

Cancer 


0.0579 

0.0234 


0.0I7I 

0.0146 

0.038 

0.020 

S. K. 

Cancer 

0.0374 

0.0635 

0.0224 

WiVtViitM 

0.0100 

0.0162 

0.005 

0.025 

M. W. 

Cancer 

0.0510 

0.0435 

0.0159 

0.0172 

0.0148 

0.0121 

0.020 

0.014 

K. 0. 

Cancer 

0.0558 


0.0161 


0.0114 


0.028 


E. F. 

Cancer 

0.0539 


0.0211 


0.0136 


0.019 


Mean 

Cancer 

0.0597 

0.0494 

0.020 

0.019 

0.013 

0.013 

0.025 

0.017 

Overall mean* 

0.0597 

0.0545 

0.020 

0.019 

0.013 

0.013 

0.025 

0.021 

Dili, betiveen means 

4-0.00516=9% 

4-0.001 = 2% 

±0 = 

= 0% 

4-0.0045 = 2% 

Probability 

P = 

0.5 

P^ 

0.5 

P-- 

= 1 


0.5 


* Mean of all non-cancerous mucosa, regardless of whether stomach bears a cancer. 


may be considered to be the mean phosphorus con- 
tent of the stomach, irrespective of the area of 
origin. 

Table III shows the mean phosphorus content of 
all the stomachs studied. When non-cancerous 
stomachs are compared with the non-cancerous 
portions of cancer-bearing stomachs, there is 
again no demonstrable difference in the phos- 
phorus content. Therefore, all the non-cancerous 
mucosae have been grouped as controls and com- 
pared with the cancer tissue. The difference in 


the means of the cancer and the control group is 
insignificant. Thus, the phosphorus content is the 
same for all the tissues studied, whether normal 
or malignant. The same results are found when 
each of the phosphorus fractions is studied indi- 
vidually. 

Biological concentration coefficient: Wlien the 
Biological Concentration Coefficient after the in- 
jection of radioactive phosphorus is studied, how- 
ever, a difference between cancer and non-cancer- 
ous mucosa can be demonstrated. The Biological 


TABLE IV 

Biological concentration coefficietits of various areas of non-cancerous stomachs 


Name 

of 

patient 

Total phosphorus 

Acid soluble phosphorus 

Lipid phosphorus 

Protein phosphorus 

Greater 

curva- 

ture 

Lesser 

curva- 

ture 

Py- 

lorus 

Duo- 

denum 

1 Greater 
curva- 
ture 

Lesser 

curva- 

ture 

Py- 

lorus 

Duo- 

denum 

Greater 

curva- 

ture 

Lesser 

curva- 

ture 

Py- 

lorus 

Duo- 

denum 

Greater 

curva- 

ture 

Lesser 

curva- 

ture 

Py- 

lorus 

Duo- 

denum 


2976 

2821 

13069 

— 

4216 

3596 

3968 

B| 

2480 

2511 

2686 

— 

3007 

1054 

2511 

— 


2945 

3782 

3379 

3379 

5828 

5673 

6014 

5642 

3162 

3596 

3720 

2759 
i 

1364 

2418 

3844 

2697 


4929 

5890 

S 

B 

6541 

9672 

B 




B 

B 

3379 

1643 

— 

— 



3689 



5673 



3751 




2511 


age 

















S.D. 


104.78 



181.04 



164.92 



954.8 


















































































pnosriioKUS tuknovkr of carcinoma of human stomach 


69 


TAHLE V 


Biological concentration coefficients of gastric cancer and of non-cancerotts gastric mucosa 


Name 

of 

patient 

Dbenosis 

Tol.lI plio-pliorti) 

UCC 

Add soluble pliospliorus 

ncc 

Lipid plio^Iiorus 

Protein phorphorus 
BCC 

Cancer 

Non- 

cancer 

Cnnccr 

f Non- 
’‘cancer 

Cnnccr 

Non- 

cancer 

Cancer 

Non- 

cancer 

C. M. 

Non-cancer 


2945 


3937 


2541 


2201 

J. M. 

Non-cancer 


3379 


5797 


3317 


2573 

J. C. 

Non-cancer 


5394 


8122 


6448 


2511 

Mean 

Non-cancer 


3906 


5952 


4092 


2418 

M.E. 

Cancer 

4495 

3689 

5,921 

5642 

5239 

3813 

3503 

1643 

S. A. 

Cancer 

6851 

4588 

8,711 

7099 

5332 

3782 

6448 

2511 

S. K. 

Cancer 

5766 

3875 

7,161 

8711 

5425 

8432 

3224 

0 

M. \V. 

Cancer 

5983 

3999 

10,323 

8215 

4743 

3968 

3379 

0 

K. 0. 

Cancer 

7533 


11,470 


8432 


4991 


E. F. 

Cancer 

4526 


6,603 


5456 


1395 


Mean 

Cancer 

5828 

4030 

8,370 

7409 

5766 

3968 

4030 

1054 

Overall mean* 

5828 

3968 

8,370 

6727 

5766 

4030 

4030 

1798 

Diff. between means 

1860 = 

= 47% 

1643 = 

= 24% 

1746 = 

=43% 

2232 = 

124% 

Probability 

/> = 

0.01 

/>= 

0.05 

P=om 

^>=0.02 


* Mean of all non-canccrous mucosa, regardless of whether stomach bears a cancer. 
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Concentration Coefficients of the various regions of 
the normal stomach are the same. The use of an 
average value is therefore justified (Table IV). 
Furthermore, there is no significant difference 
between the non-cancerous mucosa from the can- 
cer-bearing stomach and the mucosa from a stom- 
ach that does not bear a cancer (Table V). 
Therefore, all the non-cancerous samples of mu- 
cosa are grouped together regardless of presence 
or absence of cancer in other parts of the stomach, 
and their average Biological Concentration Co- 
efficient compared to that of the cancer. This com- 
parison (Figure 1) shows an increase in the Bio- 
logical Concentration Coefficient of the total phos- 
phorus of 47% over the normal (p < 0.01). The 
increase in the Biological Concentration Coefficient 
of the acid-soluble phosphorus is insignificant, but 
the 43% increase in the lipid phosphorus and the 
124% increase in the protein phosphorus fractions 
are both statistically significant (p < 0.01 and p = 
0.02, respectively). 

DISCUSSION 

Since this work was undertaken to study the 
turnover of phosphorus, i.e., the replacement of 
phosphorus present by new phosphorus, it was nec- 
essary to express results in terms of specific ac- 
tivity — counts per millimole of phosphorus. 

Because the radioactivity of a tissue will vary 
with the administered dose, counts were expressed 
as fractions of the injected dose. To avoid cal- 
culating the decay of the material, the dose was 
calculated from a standard solution counted on the 
same day as the samples. It was expressed in 
terms of body weight in order to compare dif- 
ferent patients on the basis of equivalent doses. 
The factor of 100 is arbitrary. This expression 
we call Biological Concentration Coefficient. 

Cpm found in samp le/mM P ^ 

BCC - injected/gm of body weight 

The use of this expression is discussed at length 
elsewhere (10). 

The expression Biological Concentration Coeffi- 
cient has two important properties. It has no 
dimensions and it is not additive. One cannot add 
the Biological Concentration Coefficient of the acid- 
soluble fraction to that of the lipid fraction and that 
of the protein fraction and arrive at the value for 
the Biological Concentration Coefficient of the 
total phosphorus. 


Phosphorus content: As pointed out previously, 
no differences were found in the phosphorus con- 
tent of normal tissue and of the tumor. This is in 
contrast to the work of Kishi, Fujiwara, and Naka- 
hara (12) who reported that the lipid phosphorus 
in experimental hepatomas was markedly de- 
creased. Lustig (13) found a low lipid phos- 
phorus content in human lung tumors and a high 
inorganic and protein phosphorus content. 
Whether this discrepancy is due to a species dif- 
ference or a difference in the type or site of tu- 
mors studied is impossible to say. 

Turnover: It has been shown that the constitu- 
ents of a tissue are not static. There is a continu- 
ous building up and breaking down of tissue. 
When a tissue remains of constant size, as many 
atoms of an element must be lost as are being 
added. The ratio of the atoms added per unit of 
time to the total atoms of that element present in 
the tissue is known as the rate of turnover (14). 
Although this value cannot be determined ab- 
solutely except in special cases, relative rates of 
turnover can be estimated by comparing Biological 
Concentration Coefficients. 

As labeled atoms are incorporated into a tissue 
their concentration rises rapidly and linearly at 
first and tlien slowly levels off to a maximum 
value. The maximum will be approximately the 
same for all tissues (15). During the linear por- 
tion of the uptake curve the amount of tracer in 
the tissue will be proportional to the number of 
new atoms being added, since the number of labeled 
atoms present is so small tliat their loss is neglig- 
ible compared to the total number lost. There- 
fore, when radioactive phosphorus is administered 
to a patient and the Biological Concentration Co- 
efficient is determined soon thereafter, the Bio- 
logical Concentration Coefficient is proportional 
to the phosphorus turnover during the experi- 
mental period. 

In practice we cannot assure ideal conditions. 
The size of the tissue remains constant within the 
limits of our experimental error. The ratio of 
tagged to untagged atoms in the plasma is not con- 
stant, but our expression has been so devised that 
the rate of change is probably the same in all sub- 
jects. The ideal time to measure the activity of the 
tissue (if one could obtain countable samples) 
would be immediately after injection of the iso- 
tope. At this time only a few atoms have been in- 
corporated and the Biological Concentration Co- 
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efficient will be absoliilcly proportional to turn- 
over. After this, the uptake curve starts slowly to 
level off and the Biological Concentration Coeffi- 
cient will always be less than this value, i.c., it will 
represent a minimum value. Thus, the differences 
found are minimum differences, although they ap- 
proximate the true values. 

The rate of phosphorus turnover is at least 45^ 
higher in gastric cancer than in non-canccrous 
gastric mucosa. This is in accord with the results 
found in tumors in experimental animals (1-3). 

When the acid-soluble phosphorus compounds 
were studied the turnover rates in cancer and non- 
cancerous mucosa were found to be essentially the 
same. 

The lipid phosphorus turnover is at least 45% 
higher in the tumor than in the non-canccrous tis- 
sue. Cell phospholipids arc present usually as 
structural cell components so that this increased 
turnover probabl)' represents a more rapid cell 
formation and destruction. 

The phosphoprotcins — chiefly nucleoprotcins — 
are principally cell building blocks. Therefore, the 
124% increase in the phosphoprotein turnover as 
compared to normal turnover probably results 
from enhanced tissue synthesis. Brucs, Tracy, 
and Cohn (16), studying regenerating liver and 
hepatoma in tire rat, found an increased uptake of 
phosphorus in nucleic acids and found this to be 
due chiefly to the desoxyribose nucleic acid, the 
compound present chiefly in the cell nuclei. 

There are two possible ways of explaining the 
increased growth of a tissue. All tissues are con- 
tinually breaking down old cells and replacing 
them with new ones. Normally, in the adult tis- 
sue the rates of anabolism and catabolism are equal, 
so the tissue does not change in size. When a tis- 
^e is growing, however, this balance is upset. 

ither formation of new tissue is enhanced or 
breakdown of old tissue is inhibited. An increased 
phosphoprotein Biological Concentration Coeffi- 
cient represents increased synthesis of phospho- 
proteins. 

^ Histological evidence of increased mitotic ac- 
tivity would indicate that new cells are being 
ffirmed. However, new cells might be formed 
rom pre-existing proteins, so that mitotic activity 
does not necessarily prove that new proteins are 
being synthesized. Friedberg and collaborators 
t . the incorporation of glycine into 

e tissues of developing embryos and found a high 


rale of anabolism. Rittcnbcrg, Sproul, and 
Shemin (18), on the other hand, studying the in- 
corporation of labeled glycine into proteins of re- 
generating liver, found that it was incorporated 
at about the same rate as into the proteins of rest- 
ing livers. From this they concluded that the 
mechanism of increasing size was the inhibition of 
the breakdown of tissue. When studying trans- 
planted rat sarcomas, their results were equivocal 
(19). 

Our results tend to agree with those of the 
former group since the tumor tissues are syn- 
thesizing phosphoprotcins at more than twice the 
normal rate. Catabolism must also be increased 
to some extent, since the increased rate of turnover 
is much higher than the observed rate of growth. 
These experiments then, tend to show that the in- 
creasing size of a tumor is due to the increased 
building of cell constituents and an increased 
breakdown which, however, is not rapid enough to 
maintain a constant normal size. 

Clinically, it has been recognized that on some 
portions of the stomach, such as the pre-pyloric 
area and the greater curvature, cancer is common. 
On the other hand, cancer is less common on the 
lesser curvature, and is very rare in the duodenum. 
No satisfactory explanation has been advanced for 
this. The possibility suggested itself that in the 
absence of cancer, the regions in which cancer is 
common had a metabolism more like cancer than 
didThose regions where cancer is rare. The re- 
sults of studying the few non-cancerous stomachs 
available tend to show that the rates of phosphorus 
turnover in all areas of the stomach are the same. 
Of course, completely normal stomachs are not 
available as operative specimens. 

Another common clinical observation is that can- 
cer of the stomach and atrophic gastritis occur to- 
gether more frequently than would be expected 
from their occurrence alone in the general popula- 
tion. This has led to the suggestion that atrophic 
gastritis might be a precancerous lesion. If this 
were true, one might expect that the atrophic mu- 
cosa would show chemical or metabolic properties 
intermediate between the cancer and the normal. 
Cowdry (20) observed this to be the case with 
many properties of experimental and naturally oc- 
curring cancers of the skin. To investigate this 
possibility the uninvolved mucosa of cancer-bear- 
ing stomachs (usually showing atrophic gastritis) 
was compared with the mucosa of non-cancer-bear- 
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ing stomachs. At least in regard to the rate of 
turnover of phosphorus, no difference could be ob- 
served. The evidence tends to show that the ma- 
lignant type of metabolism is limited to the con- 
fines of the tumor itself, and that the rest of the 
mucosa behaves normally, 

SUMMARY 

The phosphorus content and the rate of phos- 
phorus turnover of non-cancerous gastric mucosa 
and of ’gastric carcinoma have been measured with 
the aid of radioactive phosphorus. 

1. The rate of turnover of phosphorus by gastric 
carcinoma is at least 45% higher than by non-can- 
cerous gastric mucosa. 

2. There was at least a 124% increase in the 
turnover of protein phosphorus and at least a 45% 
increase in turnover of lipid phosphorus ; the acid- 
soluble phosphorus turnover remained unchanged. 

3. The increased rate of phosphorus turnover is 
limited to the cancer itself and is not demonstrable 
in the surrounding tissue. 

4. In the non-cancerous stomach there are no 
differences in those areas in which cancer is com- 
mon and in those in which it is rare. 

5. There is no difference in the phosphorus con- 
tent of cancer of the stomach and non-cancerous 
gastric mucosa. 
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The separation o£ the proteins of human plasma 
into a series of fractions and subfractions, uniform 
with respect to certain physical properties, has gen- 
erally led also to the separation of proteins with 
respect to their chemical and biological properties. 
Among the properties that have long been rccog- 
niz^ 'has been the binding ot metals by tuc plasmai 
so t hat the metals were no lon ger freely dialyzable') 
(1). When plasma fractionation was undertaken, 
early in the war, the Com mittee on Blood Sub sti- 
tute s of the National Research Council were in- 
fon hed that 'i nvestigations of the distribution of 
• • • me tals known to be combined with proteins 
in the blood, such as- copper, zinc, and iron, are 
plat y^ed and will Se subsequently r^orted Tas will 
studies upon the hormones and other pnysiologi- 
cally important components of human plasma for 
which methods of bio-assay are available. We 
feel keenly that these should now be studied in the 
large amounts of human plasma fractions becom- 
ing available as by-products of the preparation of 
human albumin for transfusion in shock” (2) . 
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Clinical studies had suggested not only that there 
w as a liinding of iron and copper, but that there 
migh t be a relation between iron and c opper 
binding by the plasma proteins in the sense that an 
increase in tlie concent ration of the one mVt al in the 
pl asma was often associated with a decrease in the 
other (3-5). 

’'The next adva nce in our knowledge of the b ind- 
ing of metals by pr^eins followed bacteriological 
i nvestigations upon egg wh ite. Schade (6) re- 
ported that the growth of the bacterium Shigella 
dysentcriae, which requires iron for its metabolism, 
was readily inhibited by egg white. The same 
phenomenon of inhibiting bacterial growth by the 
binding of iron by protein was next noted as a re- 
sult of studies upon human plasma (7). Fractions 
of human plasma were made available to Schade, at 
his request, and the property of bacterial growth 
inhibition found to be completely concentrated in 
the fraction that had been designated IV-4(8). 

The methods of detecting this protein com- 
ponent colorimetrically that were being developed 
by Schade were adopted, with slight modifications, 
for our studies, and led to the concentration of the 
iron-binding protein component of plasma into a 
new fraction (IV-7) (9), and finally to its crystal- 
lization (10). 

This component of plasma has been designated 
the /ffi-metal-combining globulin because of in 
vitro evidence, obtained with the crystallized pro- 
tein, that it is capable of binding copper and zinc, 
as well as iron. The clinical and physiological 
studies reported in this series of communications 
have been carried out with Fraction IV-7, which 
is readily prepared in large amounts as a by-prod- 
uct of the fractionation of human plasma to yield 
serum albumin, y-globulin, fibrinogen, thrombin 
and other stable blood derivatives, rather than 
with the more highly purified crystallized protein. 
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Fraction IV-7 consists to the extent of 76 per 
cent of the metal-combining protein; the inert 
components being mainly albumin and an a,-glob- 
ulin. 


MATERIALS AND METHODS 

The Fraction IV-7 and crystallized ft-metal-combining 
globulin used in these studies were prepared from Frac- 
tion IV-4 from blood collected by the American Red 
Cross by methods to be described elsewhere (8, 9 ).* 

Carbohydrate analyses were performed by a modifica- 
tion of the method of Sorensen and Haugaard (11), using 
orcinol. An equimolar solution of mannose and galac- 
tose was used as the standard.® Electrophoretic analyses 
were made in 0.1 ionic strength sodium diethyl barbiturate 
buffer at pH 8.6.® 

Assays for metal-combining activity were made with a 
modification of the method of Schade and Caroline (7) 
by spectrophotometrically determining the colored iron- 
protein complex. To aliquots of a solution of the pro- 
tein in pH 7.4, ionic strength 0.1 barbiturate buffer were 
added different amounts of a standard solution of ferrous 
ammonium sulfate. After standing 60 minutes at room 
temperature the optical densities of the solutions w'ere 
read in the Beckman spectrophotometer at a wavelength 
of 465 m/i. On plotting optical density as a function of 
iron added, it was found that the extinction increased 
linearly to a maximum after which it remained substan- 
tially constant. The intersection of the two straight lines 
plotted through the points was taken as the most accurate 
estimate of the combining capacity. We are greatly in- 
debted to Dr. Schade for his continuing collaboration as 
well as for periodic microbiological assays which con- 
firmed the results of the spectrophotometric determina- 
tions. 


RESULTS 


A. Studies 'with the crystallised Px-nietal-cowhin- 
ing glohidin 


The isolation of a pure crystallized protein with 
all the chemical and physiological properties of 
the metal-combining globulin proved the identity 
of the protein. We have therefore based our stud- 


^ Certain of the preparations of Fraction IV-^ were 
derived from out-dated dried plasma, being fractionated 
for the American Red Cross by E. R. Squibb and Sons, 
New Brunswick, New Jersey, and were released by fte 
American Red Cross for this investigation. For other 
preparations of Fraction lV-4, fractionated from fresh 
plasma by the Division of Biologic Laboratories, Massa- 
chusetts Department of Public Health, we are indebted to 
Drs. V. A. Getting, G. Edsall, and D. J. ^ulford 
® We are grateful to Dr. D. M. Gibson and Mr. Robert 
S. Gordon, Jr., for the carbohydrate andyses. 

0We are indebted to Mr. M. J. E. Budka and Miss 
M. M. Hasson for these measurements. 


ies on the properties of the crystallized globulin. 
The behavior of less pure concentrates of the glob- 
ulin, such as Fraction IV-7, should differ only 
quantitatively with respect to properties attrib- 
utable to the specific component interacting with 
iron or other metals. Those properties observed 
with a concentrate, not attributable to the pure 
globulin, should therefore be attributed to im- 
purities in the concentrate removed during the fur- 
ther purifications and crystallization. 

1. Physical and chemical properties 

Electrophoretically, the metal-combining globu- 
lin is characterized as a /?i-globulin. The protein 
of plasma has been estimated to contain II per cent 
of A-globulins (12) of which approximately 3 per 
cent is the metal-combining protein. The latter 
differs in size, shape, solubility, and composition, 
from the other /Jj-globulins of the plasma which are 
largely separated into Fraction II -Mil (13). 
The metal-combining globulin resembles the albu- 
mins more than most of the other globulins in its 
solubility behavior and its stability under a variety 
of conditions of pH, ethanol concentration and tem- 
perature. Unlike the albumins, it is in an isoelec- 
tric condition near pH 5.9. The sedimentation 
constant, i’zo, v? = 5.0, and molecular weight of 
90,000 indicates a molecule of somewhat larger 
dimensions than the albumins (10, 14). The 
metal-combining globulin contains but a neglig- 
ible amount, if any, of lipid. Its carbohydrate con- 
tent has been estimated to be 1.8 per cent. The 
nitrogen content was 14.7 per cent, corresponding 
to a nitrogen factor (gm. protein/gm. nitrogen) of 
6.82. The latter is somewhat higher than that of 
the albumins and many other proteins, and un- 
doubtedly reflects the presence of carbohydrate in 
the molecule. 

2. Interactions with iron 

Solutions of tlie complex formed between the 
crystallized globulin and iron exhibited the salmon 
red color which Schade (6, 7) had observed to be 
characteristic of fractions of plasma active with re- 
spect to the microbiological test, and indeed, of the 
iron-binding protein of egg white. The visible 
absorption spectrum of the iron-protein complex, 
■^“asured against a protein blank, is represented 
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in Figure 1.' Tlic broad absorption band bad its 
maximum at 465 m/i, with E }'?ni. = 0.570.’’ This 
band was the basis of the spcctrophotomclric dc- 
tennination of iron-binding capacity, described 
previously. The width of the band allowed use of 
a number of wavelengths other than the niaximuni 
for tlie determination. Thus, Ratli and Finch 
(15) have used the absorption at 525 m/i in their 
titrations of sennn to avoid interference by other 
substances present which absorbed at shorter wave- 
lengths. 


of the protein Schlieren diagram throughout the 
duration of the experiment. 

The reaction between iron and the metal-combin- 
ing protein was dependent on pH. At neutral pH, 
above pH 6.5, the color and interaction were max- 
imal. On acidification the color diminished, and 
below pH 5 the iron could be dialyzed from the 
solution. The dissociation of the complex and the 
loss of color were readily reversed by readjusting 
the system to pH 7. This dependence of the metal- 
protein interaction on pH is represented in Fig- 



Fig. I. Absorption Spectra of Metal-Combining 
Globulin in Presence of Iron and Copper, Measured 
AGAINST A Protein Blank ; Solid line — Complex with 
Iron, pH 7.4, T/2 0.1 Barbiturate; dashed line — Com- 
plex WITH Copper, pH 8.5, T/2 0.05 Barbiturate 



Fig. 2. Spectrophotometric Behavior of Metal- 
Combining Globulin in Presence of Excess Iron as 
a Function of pH 

Iron (as FeSO,’ [NKJ^SOj-OH-O) 2.8 7/nig. Frac- 
tion IV-7. Measured against protein blank. 


Neither the iron-free globulin nor iron alone ab- 
sorbed appreciable amounts of light at these wave- 
lengths and in the concentration range used. In- 
deed, the formation of a colored complex with iron 
was a unique property of the metal-combining 
globulin, to the exclusion of all the other plasma 
proteins. This was confirmed by observation of 
migration of a solution of the complex in the 
Tiselius apparatus at pH 8.6. The color was 
ound to move in sharp coincidence with the peak 


Preliminary studies suggest that in the ultravii 
region, iron produces a non-specific enhancement ot 
usual protein absorption near 280 mu. This has been 
bovine serum albumin. 

he extinction coefficient. , is a constant 

] ^ wavelength, and is defined by the expressii 

"“-Ei cm. '^‘li where log h/I is the optical d 

ofV' *^®JO"«ftration in gm./lOO ml., and 1, the len 

the solution in the cuve 

eoiiaf"'^^ familiar Beer-Laml 

equation. 


ure 2. The experimental points were obtained by 
titrating aliquots of an acidified solution of Frac- 
tion IV-7, containing ferrous ammonium sulfate, 
with alkali in the absence of buffer. The amount 
of iron in each aliquot was the same and corre- 
sponded to approximately two-fold excess over 
that which could be bound to the protein at the 
pH of maximum binding. The optical density and 
pH of each aliquot were measured after standing 
overnight at 5° C.® 


® We have not attempted to evaluate the mass law 
equilibrium constant for the interaction because of the 
number of variables involved. However, at neutral pH, 
under conditions of maximum combining capacity, the 
interaction of the protein with iron was practically inde- 
pendent of the concentration of free iron in solution. 
Were this not so, the titration curve of the protein with 
iron would not have shown the sharp “break” at the 
point of saturation. At acid pH, this was not so, and 
the titration curves were of sigmoid shape. 
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The crystallized globulin was capable of binding 
1.25 y of iron per milligram of protein. This 
corresponded to two atoms of iron per molecule 
of protein of molecular weight 90,000. Although 
we have preferred to use ferrous salts for studying 
the interaction, iron in the form of ferric salts also 
interacted with the protein. The complex so 
formed was identical in its spectral absorption to 
that formed by the use of ferrous salts. The in- 
teraction with ferric salts was much slower, how- 
ever, possibly because of their lower solubility 
and more rapid hydrolysis at neutral pH. Fur- 
ther evidence of the identity of the complexes 
formed with ferrous and ferric iron was obtained 
by Dr. Michaelis (16), who measured the magnetic 
susceptibility of the complex formed between the 
crystallized metal-binding globulin and ferrous 
ammonium sulfate. The results indicated that the 
iron in the complex is in the ferric state and that 
the complex is ionic, not covalent. It is there- 
fore evident that the ferrous iron was oxidized 
prior to or during the formation of tlie complex 
with the protein.^® 

The iron-binding capacity of Fraction IV--4, or 
any of its subfractions which contained metal- 
binding globulin, has always been found equal, 
within the limit of error achieved, to the expected 
iron-binding capacity of the crystallized material 
on the assumption that all of the electrophoretically 
determined jS^-globulin in the fraction was the 
metal-combining globulin. Since no other frac- 
tion of plasma contained measurable quantities of 
the globulin, wb estiinatB that normal plasma con- 
tains 2.4 gm. per liter of this component, capable 
of binding a total of approximately 3 mg. of tron 
per liter. This is in good agreement with the 
value of 315 y per 100 ml. found by Rath and 

Finch (15). 


3. Interaction with copper 

The crystallized metal-combining globulin also 
interacted with copper in a manner similar, in most 


10 Studies on the time necessary for full development 

of color suggested that ^ 

a prerequisite to binding (10). ih i ^ tt ^ e 
developed within a few minutes, whereas at sev 

eral hours were necessary. Schade, ein a 
(17) have found that carbon dioxide has a role in t 
formation of the complex. Other factors may be in- 
volved as well (22). 


respects, to the reaction of the globulin with iron. 
The copper-protein complex had a green color 
whose absorption spectrum has been represented 
in Figure 1. The maximum was near 435 m/x 
with E i^m. = 0.45. Copper-binding capacity was 
determined by titration with a standard solution of 
copper sulfate. A pH 8.4 barbiturate buffer of 
ionic strength 0.05 was used. Under these condi- 
tions each milligram of protein bound 1.4 y of 
copper , corresponding to two atoms of copper per 
molecule of protein. 

The interaction of copper with the crystallized 
globulin differed from that of iron in that the pH- 
binding curve for the copper was displaced ap- 
proximately 1 pH unit toward alkaline reactions 
relative to that of iron. Maximum binding oc- 
curred near pH 8.5 ; at pH 7, where the protein 
had its maximum binding capacity for iron, its 
capacity to bind copper was only approximately 
half maximum. 

It was of interest to study the relative affinity 
of the metal-combining globulin for copper and 
iron. Using the absorption spectra as an indica- 
tion, no conditions have been observed under which 
copper displaced iron from the iron-protein com- 
plex. Further, below pH 8, iron displaced copper 
from the copper-protein complex. Copper and 
iron are therefore probably bound to the same 
groups on the protein molecule, the affinity for iron 
being higher at neutral pH. 

Because of these results of in vitro studies we 
have designated this component of plasma the 
metal-combining globulin.^^ While the evidence 
from clinical studies (15, 18) has suggested that 
this protein is indeed responsible for the physio- 
logical transport of the iron in plasma, and the 
chemical studies have shown that this component 
was present in sufficient concentration to satisfy the 
iron-binding capacity of plasma, the evidence for 
the in vivo transport of copper is less clear. Thus, 
while chemical studies have shown that this compo- 
nent was capable of binding copper to a certain ex- 
tent at physiological pH, they do not preclude the 
existence of a separate in vivo mechanism for the 
transport of copper.^^ Indeed, the binding of cop- 
per by albumins has been shown by Klotz (19). 

This component has been called “siderophyllin” by 
Schade, Reinhart and Levy (17) and “transferrin” by 
Holmberg and Laurell (23). 

12 Since this manuscript was submitted, the work of 
Holmberg and Laurell (23) has come to our attention. 
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4. Inicraciion ivith other metals 

Of a series of metals investigated, including co- 
balt, nickel, zinc, manganese, as well as Conner and 
iron, only the latter two for med a comp lex witln 
the r prot ein, as rli nrnrtprjzcd bv an absorptio n ofi 
light. However, failure of formation of color 
caiinot be considered as evidence of failure of com- 
plex formation. Thus zinc, which failed to pro- 
duce a color when adde'd to solutions of the metal-" 
combining globulin, was nevertheless bound to the 
protein at neutral pH as shown by direct analysis 
f or zinc.^* Studies on tlic interactions of the glob- 
ulin with zinc and other metals will be the subject 
of later communications. 

B. Properties oj Fraction lV-7 oj hitman 
plasma 

In the subfractionation of Fraction IV-4, the 
metal-combining globulin was further purified and 
concentrated in Fraction IV-7, the fraction recom- 
mended for use in clinical studies on this compo- 
nent of plasma. The preparations which were 
fractionated at the Harvard Pilot Plant contained 
an average of 76 per cent of the metal-combining 
globulin. They differed with respect to this com- 
ponent only quantitatively from the crystallized 
material. Thus, Fraction IV-7 bound 0.8 to 0.9 y 
of iron per milligram of protein. 

The impurities in Fraction IV— 7 were mainly 
albumin and a 2 -globulin. Certain properties of 
this fraction were due to these impurities and were 
absent in the crystallized metal-combining globu- 
lin. Among these were an ability to bind bilirubin 
(20) and hematin (21), The binding of bili- 
rubin was higher than could be attributed to 
the albumin present, and was found to be a char- 
acteristic of the Oj-globulin in the fraction. This 
latter component of Fraction IV— 7 was thus re- 
sponsible for the occasional presence of colored 
impurities in preparations of Fraction IV-7 de- 
rived from hemolyzed plasma. Highly colored 
samples from this source have, however, had un- 
impaired metal-binding capacities. 

They confirm many of our findings and suggest further 

at the main part of the serum copper is normally asso- 
ciated with an a-globulin which is insoluble in 50% 
ammonium sulfate. 

“We are grateful to Dr. B. Vallee for the zinc 


Solutions of Fraction IV-7 for clinical use have 
been made by dissolving the dried protein in 
isotonic saline at pH 6.8 in a concentration of 25 
gm. of protein per 100 ml. of solution. Neither 
acetyl tryptophane, which has been used to stabi- 
lize solutions of albumin, nor glycine, which stabi- 
lizes y-globulin solutions, were as effective as 
sodium chloride in stabilizing solutions of Frac- 
tion IV-7. Such solutions were capable of bind- 
ing approximately 22.5 mg. of iron per 100 ml. 
and were therefore concentrated approximately 
seventy-fold over plasma with respect to the metal- 
combining globulin. 

SUMMARY 

1. A component of normal human plasma, the 
metal-combining globulin was concentrated in 
Fraction IV-7 and crystallized therefrom. 

2. The metal-combining globulin is a ySi-globu- 
lin and is distinct in its behavior and properties 
from other yffi-globulins of plasma. 

3. The capacity of this component of plasma to 
bind metal ions, particularly iron, copper and 
zinc, has been discussed. These interactions with 
metals were readily reversed by change in pH 
and, in the case of copper and iron, were char- 
acterized by the formation of colored metal-protein 
complexes with characteristic absorption spectra. 

4. The protein had a higher affinity for iron than 
for copper in solution as judged by the capacity of 
the former to displace copper from the complex. 

5. Fraction IV-7 derived from human plasma 
has been recommended as a concentrated source 
of the metal-combining globulin. Its safety for 
injection in man has been investigated and its 
properties reported. 
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Iron absorbed from the intestine, from destroyed 
erythroc)'tes, and from storage depots must be 
constantly redistributed via the blood stream to 
satisfy the needs of various body tissues. The 
studies of Heilmc 3 ’er and Plotner (1) and of 
Moore and his associates (2) indicate that the iron 
of the serum performs this function. It has been 
further established that this iron is protein-bound, 
since the iron is non-dial 3 'zable (3), does not ap- 
pear in the ultrafiltrate unless acidified (4) and is 
precipitable with the serum globulins (S). 

Employing a micro-biological assay method, 
Schade (6) recently localized an iron-binding pro- 
tein in Fraction IV-4 of Cohn and his associates. 
The ciystallized protein (7) is a /?i globulin * with 
a molecular weight of approximately 90,000, and 
binds two molecules of iron per molecule of pro- 
tein. The globulin itself is colorless but when com- 
bined with iron, develops a salmon red color. This 
color reaction described by Schade has been uti- 
lized in the measurement of the iron-binding ca- 
pacity of normal and pathological sera. 


IIETHOD 




Schade (6) has shown that a progressive .n 

°‘-‘^*>rs on the addition of iron V » uiis (3 
globulin until the protein becomes saturated. At th( 
point of sa turation there is a sharp break in the^coloi 
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SchooT^^'^*^*' '•Medicine, Harvard Medica 
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ssociate in Medicine, Peter Bent Brigham Hospital. 
rnJ.-- lias been variously termed meta'l 

beinsr'TJrt^ iron-binding protein; the teri-h 

that thrnr ^^i'ience indicate 

fSI capable of combining with other metal 

function of this protein It' 

metal binding will not be made in this paper. 


curve which corresponds to the exact point at which free 
iron may be demonstrated by bio-assay. The spectro- 
photomctric absorption curve of this iron-protein com- 
bination has been described (8). A wave length of 
52S mM was arbitrarily chosen in our studies because of 
the greater color absorption of serum at shorter wave 
lengths. On each sample of serum a determination of 
scrum iron and unsaturated iron-binding capacity was 
made. 

Fasting venous blood is drawn without hemolysis into 
a syringe coated with mineral oil. The clotted blood is 
centrifuged at 2,000 r.p.m. for 15 minutes and the serum 
obtained is rccentrifuged to remove all red cells. The 
Coleman Spectrophotometer, Model 11, and cuvettes of 
1 cm. depth are used. One cuvette is filled with 5 cc. 
of 0.9 per cent saline, while in the other is placed 2 cc. of 
serum and 3 cc. of 0.9 per cent sodium chloride.- Origi- 
nally each cuvette was filled with serum, one serving as 
a blank. This was found to be unnecessary. Iron stand- 
ard solution “ was added in 0.05-cc. quantities to both 
cuvettes and a glass stirring rod used to mix the con- 
tents of the cuvette after each addition of iron. Readings 
of per cent of light transmission are made two or three 
minutes after each mixing. The iron solution is added 
until there has been no change in the per cent transmis- 
sion after three successive readings. The data are 
plotted on graph paper and the point of intersection of 
the two slopes is taken as the amount of iron necessary 
to saturate (he iron-binding protein (Figure 1). Serum 
iron deter^iinations were made according to the method 
of Kitzes/ Elvehjem, and Schuette (9). It is possible to 
determine the total capacity of each sample of serum 
by totalling the serum iron and the unsaturated binding 
capacity. 

The blood is drawn in the morning with the patient in 
'the fasting state. Lipemic serum, severe icterus, and 
' serum over 24 hours old, were found unsatisfactory. All 
glassware is carefully cleaned with concentrated nitric 
acid and glass-redistilled water to render it iron-free. 
All reagents used are likewise iron-free. Figure 2 shows 

® Iron standard is prepared by diluting 14 mgs. of fer- 
rous ammonium sulfate plus 0.5 cc. of 1 N acetic acid to 
100 cc. This represents 20 gamma of iron per cc. of 
standard. Each standard solution is checked by direct 
iron analysis. Therefore, each addition of 0.05 cc. to 2 cc. 
of plasma represents an increment of 50 gamma per 100 
cc. serum. 
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.05 .1 .15 .2 .25 .3 .35 CC. OF IRON STANDARD ADDED 

50V' lOOr I50Y 200V 250V 300V 350v BINDING CAPACITY v/IOOCC. SERUM 

Fig. 1. Determination of the Iron-Binding Capacity of Serum 


the iron-binding capacity titration witli known increments 
of crystalline iron-binding protein. Table I shows the 
measured as compared with the calculated increase in 
iron-binding capacity of serum upon the addition of in- 
crements of crystalline iron-binding protein. This method 
is readily adapted to a colorimeter with a filter of 
525 m/i. 

RESULTS 

Measurements of serum* iron, unsaturated iron- 
binding capacity, total capacity and per cent satu- 


ration on 30 normal subjects and 105 patients are 
shown in Table II, and the groups of particular 
interest are portrayed graphically in Figure 3. 
There was no significant difference between men 
and women. In the combined normal group, serum’ 
iron averaged 100 gamma, iron-binding capacity' 
200 gamma, and total capacity 300 gamma per 
100 CC. of serum. Circulating iron-binding pro- 
tein was 34 per cent saturated with iron. In iron' 


r fe 



Fig. 2. Iron-Binding jProtein Titration 
The amount of iron required to saturate increments of the pure 
/3, globulin was determined colorimWrically. Each point repre- 
sents a single determination of iron-bLding capacity. Each milli- 
gram of protein binds about 1.25 garnima of iron and the measure- 
ment is accurate within 25 gamma pei- IQO cc. When increments 
of ft globulin are added to plasma the ganie amounts are obtained 

per 100 cc.^ \ 


with an accuracy of within 50 gamma I 
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TADLE I 


Measurement of iron~hindin^ capacity on addition of 
iran-Mnding protein la serum 


Capacity per 100 cc. 
a! scrum 

Iron-blndlnR 
c.apacity per 
100 cc. of 
crj-5tal((ne 
protein added 

Iron-bindlnc capacity 
per 100 cc. 

Anticipated 

Found 

I 

tamma/SOO ec. 

Sammo/IOO cc. 

tamma/100 cc. 

i gamma/lOO 

I too 

30 

130 

140 

too 

60 

160 

170 

too 

90 

190 

ISO 

100 

120 

220 

235 

100 

150 

250 

265 

100 

180 

280 

275 

100 

210 

310 

300 

100 

240 

340 

350 

II 250 

75 

325 

330 

250 

150 

400 

400 

250 

225 

475 

455 

250 

300 

650 

630 

250 

375 

725 

720 


In the table above, increments of crystalline protein of 
known iron-binding capacity were added to scrum with a 
measured capacity of 100 (I) and to serum with a measured 
capacity of 2S0 (fl). The increased iron-binding capacity 
of the serum as determined by the method herein described 
IS compared with the anticipated new binding capacity 
repreMnting the sum of the capacity of the serum plus the 
capacity of the added crystalline protein. 

t 

deficiency, while the serum iron was lowered, there 
was an increase above normal in both the unsatu- 
rated iron-binding capacity and total carrying ca- 
pacity of the serum. This is to be contrasted with 
infection in which serum iron was similarly re-, 
duced but where the iron-binding capacity and 
total capacity were reduced as well. It is of in- 
terest that the saturation was below 10 per cent in 
eight out of ten cases of iron deficiency, while it 
was above 10 per cent in all ten cases of infection. 
In general, in patients with iron deficiency who 
also had carcinoma or other debilitating disease, 
the per cent saturation was still in the vicinity of 
10 per cent, but the total capacity was not signifi- 
rantly increased. In a variety of conditions having 
in common only general debility and reduction in 
chculating plasma protein (cancer, infection, liver/ 
disease, and renal disease), there was a reduc^<m 
tn the iron-carrying capacity of the serum.'^^en 
normal pregnant women showed no significant de- 
viation from the normal during the first, second, 
^ third trimester of pregnancy. A high serum 
iron and high percentage saturation of the iron- 
inding protein were found in refractory anemia, 
pernicious anemia, hemochromatosis, transfusion 
hemosiderosis, and liver disease. 


Preliminary work has been carried out with 
Fraction IV-7 processed from human plasma by 
Surgenor and his associates (8). This material 
bound in vitro 1 mg. of iron per milligram of pro- 
tein. It has been administered intravenously to 
22 individuals in amounts of 2.5-5.0 gms. over pe- 
riods of 15 to 30 minutes. In two patients, the in- 
jection was repeated after two weeks and in neither 
case was there any reaction. In general, the in- 
jections produced a slight rise in serum iron dur- 
ing the first four to six hours, but the maximum 
rise occurred after a latent period of 12 to 24 hours 
after injection. The increase in serum iron was 
as much as 115 gamma per 100 cc. of plasma. 
This fell over the following two to six days un- 

TABLE II 


Measurements of serum iron, unsaturated iron-binding 
capacity, total capacity and per cent saturation 
on normals and patients 



S. I. 

I. B. C. 

Total 

Sat. 

Hct. 

Normal Male 

gamma/ 
100 cc. 

147 

gamma/ 
100 cc. 

285 

gamma/ 
100 cc. 

432 

34 

48 


119 

220 

339 

35 

48 


98 

200 

298 

33 

40 


88 

200 

288 

30 

47 


115 

190 

305 

38 

47 


97 

220 

317 

31 

48 


107 

200 

307 

35 

47 


94 

200 

294 

32 

48 


87 

200 

287 

33 

43 


136 

215 

351 

39 

46 


97 

222 

319 

30 

51 


98 

222 

320 

30 

47 


104 

150 

254 

41 

45 


87 

200 

287 

30 

43 


121 

150 

271 

44 

46 

Average 

106 

205 

311 

34 


Norma! Female 

110 

190 

300 

37 

45 


108 

150 

258 

42 

45 


120 

280 

400 

30 

40 


87 

ISO 

237 

37 

45 


85 

250 

335 

25 

45 


95 

322 

415 

22 

41 


130 

165 

295 

44 

43 


93 

165 

258 

36 

43 


84 

144 

228 

37 

41 


118 

210 

328 

36 

46 


76 

148 

224 

34 

40 


72 

194 

266 

37 

43 


74 

200 

274 

27 

41 


76 

200 

276 

28 

38 


82 

150 

232 

35 

40 

Average 

94 

194 

288 

33 


Combined Normal 






Male and Female 

100 

200 

300 

34 
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TABLE II — Continued table ii — Continued 



m 



% 

Sat. 

Hct. 


gamma/ 

gamma/ 


■■ 



100 cc. 

100 cc. 




Iron Deficiency Anemia 
Bleeding ulcer 

37 

395 

410 

9 

29 

Bleeding ulcer 

60 

210 

270 

22 

37 

Bleeding hemorrhoids 

32 

350 

382 

8 

39 

Pseudo hemophilia 

26 

145 

171 

15 

35 

Microcytic hypochromic 

27 

475 

502 

5 

27 

anemia 






Microcytic hypochromic 


325 

336 

3 

18 

anemia 






Microcytic hypochromic 

15 1 

320 

345 

4 

25 

anemia 






Microcytic hypochromic 

29 

330 

359 

8 

31 

anemia 






Microcytic hypochromic 

32 

320 

352 

9 

36 

anemia 






Microcytic hypochromic 

22 

320 

340 

6 

19 

anemia 






Average 

29 

319 

346 

9 


Pernicious Anemia 

129 

165 

294 

44 

20 


136 

100 

236 

58 

14 


160 

50 

210 

76 

18 



195 

242 

19 

20 


164 

100 

264 

62 

23 


127 

57 

184 

69 

14 


136 

60 

196 1 

69 

19 

Average 

128 

104 

232 

56 


Lymphoma and 
Leukemia 

1 

1 


1 


Hodgkins 

39 

185 

224 

17 

44 

Lymphosarcoma 

82 

240 

322 

23 

42 

37 

Chronic myelogenous 

49 

200 

249 

20 

leukemia 

Chronic myelogenous 

90 

150 

240 

37 

31 

leukemia 

Subacute leukemia 

64 

61 

125 

1 

51 

23 

Aleukemic leukemia 

131 

40 

171 

77 

30 

Acute monocytic 

320 

154 

474 

67 

25 

leukemia 

Hodgkins 

Agnogenic myeloid 
metaplasia 

46 

80 

1 

' 169 
100 

1 

215 

180 

21 

44 

29 

25 

Uremia 

65 

190 

255 

25 

10 

77 

110 

187 

41 

20 


54 

100 

154 

35 



67 

180 

247 

27 

29 


35 

150 

185 

19 

20 


47 

299 

346 

14 

34 


50 

157 

207 

24 

27 


36 

258 

294 


22 

Transfusion 

Hemosiderosis 

297 

305 

0 

0 

297 

305 

100 

100 

54 

30 


236 

0 

236 

100 

45 


207 

i 

0 

207 

100 

11 

Average 

260 

0 

260 

100 




S. I. 

1. B. C 

Total 

^0 

Sat. 

Hct. 


gamma/ 

gamma/ 

gamma/ 

f 



100 cc. 

100 cc. 

100 cc. 



Infection 






Pneumonia 

117 

100 

217 

54 

42 

Pyrexia of unknown 

27 

170 

197 

14 

29 

Subacute bacterial 

26 

220 

246 

11 

29 

endocarditis 






Chronic pulmonary 

21 

140 

161 

13 

54 

infection 






Trichinosis 

64 

180 

244 

26 

34 

Subacute bacterial 

37 

185 

222 

17 

42 

endocarditis 






Pelvic inflammatory 

42 

165 

207 

20 

41 

disease 






Miliary tuberculosis 

40 

210 

250 

16 

42 


41 

195 

236 

17 

48 

Pyrexia of unknown 

32 

195 

227 

16 

36 

origin 






Average 

44 

176 

220 . 

20 


Hemochromatosis 

233 

0 

233 

100 



170 

50 

220 

77 



235 

50 

285 

82 

48 


245 

0 

245 

100 

47 


250 

57 

307 

82 

42 


250 

0 

250 

100 

44 


204 

0 

204 

100 

45 


204 

0 

204 

100 

46 


2?0 

50 

270 

81 

47 

Average 

224 

23 

247 

91 


Liver Disease 






Acute hepatitis 

121 

150 

270 

45 

35 

Cirrhosis 

• 137 

175 

312 

44 

48 

f f 


160 

300 

47 

25 

Cirrhosis with hepatitis 


50 

150 

66 

35 

Cirrhosis 

65 

150 

215 

30 

33 

>> 

142 

57 

199 

71 

35 

Cirrhosis with hepatitis 

85 

150 

235 

36 

32 

Cirrhosis 

121 

100 

221 

55 

40 

Cirrhosis, terminal 

91 

55 

146 

62 

47 

Average 

111 

116 

227 

50 



less the patient had hemosiderosis or hemochroma- 
tosis, in which case the elevation was maintained 
over a longer period. A second injection of 
globulin given to the same patient did not produce 
a rise in serum iron level except in cases of iron 
excess. 

DISCUSSION 

The validity of this measurement of the iron- 
binding protein capacity of human sera would seem 
to be established in a number of ways: {!) the 
increased capacity produced by the addition of 
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Fig. 3. Iron-Bjndinc Capacity of Sera 

The iron-binding capacity of human scrum is represented in block diagram. The cross-hatched portion repre- 
sents serum iron, and the clear area tlic unsaturated capacity of the iron-binding protein in gamma per 100 cc. 


known amounts in vitro of pure iron-binding 
globulin to plasma may be measured with an er- 
ror of less than 50 gamma per 100 cc.; (2) the 
intravenous injection of iron-binding protein re- 
sults in an increase in the measured binding ca- 
pacity proportionate to the amount of protein 
given; (5) injections of iron or of nonviable 
erythrocytes will result in increase in serum iron 
to the point of total binding capacity as previously 
measured but- not beyond it; {4') those patients 
with saturation of their iron-binding protein show 
no^gnificant increase in serum iron after oral 
m/intravenous iron administration. 

The observation that serum iron cannot be in- 
creased above the measured saturation point of the 
globulin confirms other evidence that iron cannot 
exist in a free stat^in the serum. The only ex- 
ceptions to this are the injections of massive 
amounts of iron ascorbate (10) or iron ascorbate 
gelatin complexes and the serum of terminal he- 
mochromatotic patients where very high levels of 
serum iron may be found. It would appear in both 
0 these instances that the iron is bound to some 
ot er protein complexes. This complete protein 
inding of iron in the body, whether intracellular 


or within the blood stream, probably explains the 
inability of the body actively to excrete iron. 

Holmberg and Laurell (11) have reported sim- 
ilar measurements of the iron-binding capacity of 
serum, employing a different method dependent on 
the color reaction between dipyridyl and unbound 
iron. In normal subjects the serum iron averaged 
130 gamma per 100 cc. and the total capacity was 
312 gamma per 100 cc. These figures are in good 
agreement with our data. As pointed out by 
these authors, the increase in serum iron and the 
maximum level attained following oral and intra- 
venous iron tolerance tests are limited by the 
amount of iron-binding globulin in circulation. 
For example, the initial height of 291 gamma per 
100 cc. observed by Waldenstrom (12) following 
intravenous injection of iron in normal subjects 
was very close to the total capacity as measured 
by Holmberg and Laurell and by us. The lower 
average level obtained by Wintrobe of 168 gamma 
per 100 cc. (13), in patients with infection after 
intravenous iron, again is consistent with the re- 
duced binding capacity found in our group with in- 
fection. 

The lack of response of serum iron in patients 
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with untreated pernicious anemia or hemochroma- 
tosis to oral iron administration is considered to be 
due to the pre-existing high degree of saturation 
of the Pi globulin which will allow little or no in- 
crease in serum iron. The unaltered level of 
serum iron does not, however, preclude iron ab- 
sorption, since the serum iron level is not an ex- 
pression of the turnover rate of iron in the serum. 
This will be the subject of a later report. 

The total binding capacity of normal sera of 
about 300 gamma per 100 cc. represents about 250 
mgs. of iron-binding protein per 100 cc, of plasma.® 
Increases in iron-binding protein were observed by 
us in iron deficiency, and have been reported by 
Laurell (14) in pregnancy. These increases paral- 
lel the need of the body for more efficient iron ab- 
sorption and transport. Further work is necessary 
to determine whether this increase in iron-bind- 
ing protein is responsible for the increased iron 
absorption in these conditions. In other conditions 
decreases in total binding capacity to 50 per cent of 
normal have been observed, but it seems improb- 
able that this reduction in any instance was capable 
of significantly impairing iron transport since there 
was an appreciable amount of unsaturated iron- 
binding protein still in circulation. 

It would appear that the level of serum iron and 
the per cent saturation of the iron-binding protein 
are carefully regulated under normal circum- 
stances. Conditions in which saturation of iron- 
binding protein is increased are those involving 
bone marrow block, iron excess, and severe liver 
disease. The important role of the liver in serum 
iron regulation is not unexpected since this organ 
is the chief iron storage depot of the body. 
Whether or hot conditions of iron excess may be 
recognized without some degree of hepatic dys- 
function is not yet clear. At any rate, it has been 
possible to make the diagnosis in nine cases of 
hemochromatosis by this technique and to separate 
these cases from simple cirrhosis. Depression of 
the per cent saturation occurs in iron deficiency 
and in infections. It seems reasonable to explain 
the former on the basis of depletion of body iron 
and the latter on an increased affinity of tissue 

storage depots for iron (15). 

Laurell (14) in a very comprehensive and ex- 
cellent study of iron transport has repeated meas- 

6 One milligram ft globulin binds about 1.25 gamma of 
tissue as demonstrated in Figure 1. 


urements of the iron-binding protein in a variety 
of conditions. Although different methods were 
used, the results we have obtained are in perfect 
agreement with those of Laurell. We hesitate to 
accept the hypothesis that the degree of saturation 
may regulate iron transport and iron absorption. 
For example, in animals on diets which allow ex- 
cessive iron absorption, the serum-binding protein 
becomes completely saturated with iron after about 
two weeks, yet iron absorption continues fully as 
rapidly over the following three to four weeks 
(16). Movement of iron within the body may 
be managed by the respective affinity of various tis- 
sues for iron, in which system the carrier pro- 
tein of the serum would play a passive role. In- 
jections of iron-binding protein exert only a very 
temporary effect on the serum iron level. It re- 
mains to be determined how much one may aid or 
interfere with iron transport by increasing or de- 
creasing the amount of iron-binding protein, 

SUMMARY 

A method is described for the measurement of 
the iron-binding capacity of human serum. Meas- 
urements of serum iron, total iron-binding capacity, 
and per cent saturation of this protein are re- 
ported in normal subjects and in a variety of dis- 
eases. The implications of these findings are dis- 
cussed. 
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It has been generally recognized since Barkan's 
original observations in 1929 (1) that the iron in 
serum is non-dialyzable and non-ultrafilterable at 
pH 7.3 and, therefore, is probably protein-bound 
(2-4). To which of the serum proteins the iron 
is bound was not clearly established until recently. 
Earlier Avork indicated that half-saturation with 
ammonium sulfate precipitated serum iron quanti- 
tatively together with the globulins (5). Vahl- 
quist (4) with the aid of the electrophoretic tech- 
nique concluded that the iron in serum is bound to 
both albumin and globulin, the a and /? globulins 
serving as the principal carriers. 

Following their demonstration of a protein com- 
ponent in raw egg white capable of binding iron 
(6), Schade and Caroline investigated various 
fractions of human plasma prepared by E. J. Cohn 
and his associates for a similar property (7) and 
discovered that, qualitatively, Fraction IV-3, 4 was 
active in this respect, as shown by biological and 
colorimetric tests. By colorimetry it was found 
that 1 mg. of protein took up a maximum of 0.44 
fig of Fe^^ Subfractionation of Fraction IV-3, 4 
revealed that the iron-binding protein resides al- 
most completely in..a ff, g lobulin- (Fraction IV-7) 
(8). This fraction constitutes approximately 3 
per cent of the total plasma , protein.^ Two mole- 
cules of either Fe^^ or Fe++^ are bound to one of 
. protein. If the molecular weight of the /3i globu- 
I lin is 90,000, the iron content of the iron-protein 
complex is 0.125 per cent. Studies over a wide 
range of pH have revealed that at neutral pH the 
iron is non-dialyzable whereas at pH 5 the iron be- 
comes dialyzable. 


iThis paper is No. VIII in the series, ‘The ^emia 
of Infection," from the Department of Medicine, Univer- 
sity of Utah. School of Medicine. It has been aided by 
a Lrant from the United States Public Health Service 
and by grants from the Upjohn Company and Parke, 

Davis and Company. 

2 Cohn E. J., Personal communication. 


Skouge (9) and Waldenstrom (10) have 
pointed out that the concentration of serum iron 
five minutes after the intravenous injection of iron 
is lower than would be expected on the basis of the 
quantity injected. This “braking” phenomenon 
was more pronounced in patients with pernicious 
anemia in relapse than in normal persons. When 
the initial serum iron was high, scarcely any rise 
was noted after the intravenous injection of iron. 
Furthermore, toxic reactions were obsen-^ed long 
before the generally tolerated dose of 10 mg. had 
been administered. Holmberg and Laurell (11) 
by means of a colorimetric method in which 
a-a’dipyridyl was used, were able to study the ca- 
pacity of serum to bind iron in vitro. They found l 
the "saturation limit” in 10 normal subjects to be : 
312 /ig per cent (range 264 to 366 fig). The satu- . 
ration values corresponded well with the maxi-*i 
mum values of approximately 291 fig per cent ob- 
tained by Waldenstrom (10) after the intravenous 
injection of 10 mg. of Fe*^ These authors ex- 
plain the “braking effect” obseiwed by Walden- 
strom by assuming that the unbe^und iron is rapidly 
eliminated from the circulation. Toxic effects 
after the intravenous administration of iron were 
noted only when the saturation limit was exceeded 
and surplus iron left the blood stream. 

Laurell (12) has recently published a compre- 
hensive monograph on the iron-binding component 
in human plasma. In 100 normal subjects the 
mean value for the iron-binding capacity of the 
serum was 315 3.3 fig per cent. In pregnancy! 

infectious hepatitis, and acute and chronic blood 
loss the capacity of the serum to bind iron was 
found to be increased. In acute and chronic in'r 
fections, pernicious anemia, hemolytic anemia, cir- 
rhosis of the liver, uremia and malignancy the ca- 
pacity was found to be diminished. On the basis 
of these results Laurell has advanced the hypothe- 
sis that the body is capable of mobilizing iron from 
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tlic depots and, at the same time, can increase thct 
absorption of iron by cither lowering the scrum j 
iron concentration or by increasing the iron-bind-j 
ing component of the scrum. Conversely, by cithcrj 
increasing the scrum iron or lowering the iron-j 
binding protein component more iron can be trans* 
ferred to the depots and the absorption of iron 
checked. 

Studies in this laboratory dealing with the path- 
ogenesis of the anemia of infection have revealed 
that in the presence of infection a disturbance in 
iron metabolism occurs (13, 14). There is a 
pronounced and persistent hypoferremia and when 
iron is injected intravenously the magnitude of the 
subsequent increase in plasma iron is less than in 
normal individuals. The rale of disappearance of 
iron from plasma following injection has been found 
to be twice that seen in normal subjects. Neither 
by repeated intravenous injections nor by the con- 
tinuous intravenous infusion of iron has it been 
possible to increase the iron level beyond a certain 
point. A "braking" mechanism thus operates in 
the presence of infection which is so powerful that 
as more iron is given it becomes increasingly diffi- 
cult to maintain the plasma iron concentration. 

In view of these observations it was thought de- 
sirable to, investigate the role of the iron-binding 
protein of the serum in the pathogenesis of the ane- 
mia of infection. The purpose of this paper is to 
describe in vitro and in vivo studies of the iron- 
binding capacity of serum in normal subjects, in 
patients with infection, and in animals in which in- 
fections were produced experimentally. 


iron, i.c., tlic binding capacity in addition to that which 
is already fixed (SI), a modification of the method of 
Sebade .and Caroline (7) was used. This method is 
based on the principle that the iron-protein compound is 
salmon pink in color (maximum absorption at about 
4^0 mn) and that the color development is proportional 
to the anjount of iron-protein formed. The serum is 
therefore titrated with iron until the maximum color 
develops. The results arc expressed in terms of of 
iron bound. 

Two ml. of scrum and 8 ml, of 0.9 per cent saline arc 
added to each of two colorimeter tubes. Using the 
Evelyn photoelectric colorimeter and the 490 filter, the 
blank is set at 100 per cent transmission. The per cent 
transmission of the other tube is then read. One-tenth 
n)l. of glass-distilled water is added to the blank and 



Fig. 1. Measurement in Human Serum of the 
Salmon Pink Color Due to the Formation or the 
Iron-Protein Complex 
Evelyn photoelectric colorimeter. Filter 490. 


METHODS 

Preparation of serum. From fasting subjects a 
amount of venous blood sufficient to provide 8 to 10 m 
of serum was drawn without hemolysis into a syring 
and transferred to a centrifuge tube. The blood was a! 
lowed to clot, the latter was separated from the glass an 
the blood was then centrifuged at about 2500 r.p.m. fc 
IS minutes. The serum was then transferred to a secon 
pentrifuge tube and respun to remove all red cells. A 
peterminations were made within three hours after tl 
Wood was collected. 

^ Sermn iron iSI). For the determination of senii 
iron the method of Barkan and Walker (IS) using tli 
^velyn photoelectric colorimeter was followed except th; 
wice the quantities recommended by them were use( 
IS required 4 ml. of serum. The results are es 
pressed m pg per cent. 

Unsaturaied iro^i-binding capacity (UIBC). For tl 
e ermmation of the unsaturated capacity to unite wit 


O.l ml. of a standard iron solution containing 1 /ig of 
iron is carefully added to the other tube. The tubes are 
shaken and the per cent transmission is determined 
four minutes after shaking, again setting the blank at 
100. This procedure is repeated until there has been no 
change in the per cent transmission on three successive 
readings. The per cent transmission is then plotted 
against the micrograms of iron added and the saturation 
point is estimated as illustrated in Figure 1. 

The UIBC is calculated by multiplying by 50 the 
micrograms of iron needed to produce saturation. The 
values are expressed in /ig per cent and represent the 
micrograms of iron with which 100 ml. of serum are 
capable of uniting. 

Total iron-binding capacity (TIBC). This is calcu- 
lated by adding the unsaturated iron-binding capacity to 
the serum iron and is expressed in Mg per cent. 

Per cent saturation. This is calculated by dividing the 
serum iron by the total iron-binding capacity. 
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All glassware must be carefully cleaned with concen- 
trated HCl, washed three times with glass-redistilled 
water and air dryed under cover. 

A standard iron solution is prepared by dissolving 0.1 
gm. of standard iron wire in 50 ml. of 1 : 3 nitric acid. 
The solution is boiled to expel oxides of nitrogen and is 
then diluted to 1 liter with glass-distilled water. A 
dilute working standard containing 10 t^g of iron per 
1 ml. is prepared from this. If properly stored this solu- 
tion will not change in concentration for several months. 

Comment. This method has been found to work equally 
well when either ferric ammonium sulfate or iron wire 
is used for the standard solution. The absorption spec- 
trum of the pink iron-protein compound has a rather f 
broad base with a maximum absorption at about 460 tim. j 
For this reason any filter between 420 and 520 mp- is/ 
suitable but less interference from hemoglobin and bile;l 
pigment compounds is encountered in the region of 490.' 
mp. One to tliree minutes are required for the develop-* 
ment of maximum color after the addition of iron. Fresh,! 
non-lipemic, non-icteric serum must be used. If sufficienti 
scrum is not available for a blank this may be dispensed 
witli although the accuracy of the method is thereby 
slightly reduced. The concentration of the chromogen is 
low and great care must be taken in making the readings. 


Since increments of 1 pg iron arc added to 2 ml. of 
scrum and the results arc multiplied by 50 in order that 
they may be expressed in pg per cent the method can be 
no more accurate than 50 pg per cent. However, tripli- 
cate determinations on the same scrum have repeatedly 
given the same result. 

EXPERIMENTAL 

To determine whether the in vitro measurement 
of the TIBC of the serum is a true measure of the 
ability of the serum to combine with iron in vivo, 
an amount of iron calculated to exceed the deter- 
mined TIBC was injected intravenously into each 
of eight individuals. The iron was administered 
in the form of a 0.5 per cent solution of iron as- 
corbate in amounts equivalent to 0.137 mg. Fe^ 
per kilogram of body weight. An initial sample 
of blood was withdrawn, the iron solution injected 
in 30 to 60 seconds, and five minutes later a sec- 
ond sample was taken from the other arm. The 
results are presented in Figure 2. In each instance 



Fig 2 Comparison of the Serum Iron Level, the Unsaturated Protein and the Total Iron- 
Binding Capacity Before and After the Intravenous Injection of Iron 


The horizontal lines represent the expected serum iron values as calculated from the amount of iron ad- 
ministered and the estimated plasma volume. Solid areas represent the serum iron; hatched areas repre- 
sent the unsaturated capacity to bind iron. The total height of each column represents the total iron-binding 
capacity. The amount of iron (Fe^) injected is indicated below the various columns. 
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Fic. 3. Results of the Repeated Intravenous In- 
jection OF Iron at Five-Minute Intervals in Each 
OF Five Patients 

The horizontal lines represent the expected scrum iron 
values on the basis of the amount of iron administered 
and the calculated plasma volume. Solid areas represent 
the serum iron. Hatched areas represent the unsaturated 
iron-binding capacity. The total height of each column 
represents the total iron-binding capacity. The amount 

0 iron (Fe*^) injected is indicated below the various 
columns. 

the serum was completely saturated with iron 
(UIBC = 0) and the measured amount of serum 
iron corresponded, within the limits of the experi- 
mental error, to the previously determined TIBC. 

reaction to the injection, manifested by head- 
ache, flushing and nausea, was noted within two 
minutes in each individual. By the time the sec- 
ond specimens were withdrawn the reactions had 
completely disappeared. 

The results of the repeated injection of iron at 
ve-minute intervals into each of five patients are 
presented in Figure 3. After complete saturation 


had been attained the loss of additional iron from 
the scrum within five minutes was approximately 
100 per cent. Repealed injections of iron failed to 
raise the scrum iron level above the TIBC. How- 
ever, when amounts insufficient to reach the satu- 
ration limit w’crc given, not all of the iron was re- 
tained in the scrum, only 50 to 80 per cent being 
accounted for when plasma volurhe was calculated 
as equivalent to 43.1 ml. per kilogram of body 
weight for males, and 41.5 ml. per kilogram for 
females. Since it is unlikely that the calculated 
plasma volume would be in error to the extent of 
50 per cent, it is possible that in some instances 
iron escaped to the tissues even though the serum 
Ijossessed the capacity to bind it. Toxic reactions 
were observed only when the TIBC was exceeded. 

Determinations of the TIBC have been made in 
15 normal males and 15 normal females. The re- 
sults are presented in Table I. The mean :±: S.D. 
for the entire group was 359 ± 30.8 /ug per cent 
and the range 306 to 429 /xg per cent. The values 
for the female group were somewhat higher than 
for the male group. In these normal subjects 
35 ^ 6.4 per cent (26 to 49) of the total iron-bind- 
ing capacity was saturated. 

Studies have been made on 13 patients with 
chronic infections and six patients with iron de- 
ficiency anemia. The results are presented in 
Figure 4. In chronic infections, in each instance, 
the TIBC as well as the serum iron was reduced 
below the lower limits of normal. The reduction in 
serum iron was proportionately greater than the 
decrease in TIBC, the per cent saturation being 


TABLE I 

Summary of the normal data 


Group 

No. 

determ. 

UIBC 

SI 

TIBC 

• 

% Sat. 

Males 

IS 

220±24.7 

(180-250) 

127±29.2 

(79-196) 

347±26.1 

(306-396) 

36±7.78 

(24-49) 

Females 

15 

248±34.4 

(200-300) 

123±19.2 

(101-164) 

37l±35.9 

(316-429) 

33 ±4.92 
(26-42) 

Total 

^ 

30 

234±29.4 

(180-300) 

' 

125±24.2 

(79-196) 

* 

359±30.8 

(306-429) 

3S±6.4 

(26-49) 


UIBC refers to unsaturated iron-binding capacity in 
/ig per cent. 

SI refers to serum iron in pg per cent. 

TIBC refers to .total iron-binding capacity in jug per cent. 

SI 

% Sat. (per cent saturation) = JpjgQ- 

Figures represent mean ± standard deviation. 

Figures in parenthesis represent range. 
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between 7 and 26 per cent in all but two patients. 
In these two cases the decrease in serum iron was 
proportional to the decrease in TIBC and the per 
cent saturation remained within the limits of nor- 
mal (26 to 49 per cent). In contrast, in the pa- 
tients with iron deficiency anemia the TIBC was 
increased above 450 /xg per cent. Since the serum 
iron is very low in iron deficiency, the per cent 
saturation was below 10 in all. 

The change in TIBC in relation to the rise in 
scrum iron which occurs during recovery from in- 
fections was followed in six patients. The results 
arc presented in Figures 5-9, and 12. These stud- 
ies showed that in infections the total iron-binding 
capacity per 100 ml. serum increased, as did the 
serum iron, following successful treatment and 
anemia, when present, tended to disappear (Fig- 
ures 5-7). The per cent saturation of the iron- 
binding protein with iron did not change greatly. 


In a more chronic infection (Figure 8) the changes 
following streptomycin therapy were very gradual 
but in another case (lung abscess. Figure 9) the 
improvement following thoracotomy was more 
striking. 

To determine if the intravenous administration • 
of metal-combining globulin (Fraction IV-7) to- 
gether with iron might increase the TIBC to nor- 
mal and thereby prevent the rapid disappearance 
of iron from the scrum which occurs in the pres- 
ence of infection, these substances were given to 
two patients with chronic infections. In each pa- 
tient the rate of disappearance of iron from the 
■ serum after its intravenous injection was measured 
two days prior to the administration of the metal- 
combining globulin, sample measurements being 
taken at 0, five min., one, three, five, seven, 24, 48 
and 96 hours after the injection. The amount of 
globulin to be administered was then added to 500 



rr. T T ■RrwnTTjr CAPACITY OF THE SeRUM IN 13 CASES OF ANEMIA ASSOCIATED WITH 
Fig. 4. The Total Normal and Six Cases of Iron Deficiency Anemia 

Tt'J'KFCTION' as UoMPAkED wilo. , . *. rp« 

.V. ;rr>n Hatched areas represent the unsaturated iron-binding capacity. The 
Solid areas represent total iron-binding capacity of the serum. The figures above 

total height of each column represents me /c:T/'^Tur^ 

Se c— represent the per cent setnretton (SI/TIBC). 
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Fig. S. Showing the Sharp Rise in the Iron- 
Binding CAPAary of the Serum (TIBC) in a Patient 
(I. C.) Recovering from Lodar Pneumonia, the In- 
crease IN Serum Iron (SI) and the Disappearance 
OF Anemia (Represented by the Volume of Packed 
Red Cells (Ht.)) 

UIBC refers to unsaturatcd iron-binding capacity. 
Per cent saturation is the ratio of SI to TIBC. 



Fig. 6. Showing the Rise in the Iron-Binding 
Capacity of the Serum in a Patient (C. L.) Recov- 
ering from Lobar Pneumonia, the Irregular Increase 
in Serum Iron and the Disappearance of Anemia 
For symbols see Figure S. 



1/Sl 9/19 7 / 21 10/3 6/25 ^/Vo 7/ll 9/B 

Fjn&tuTzxoms Snectmania. JalareiTua Ewp^ema 



7/XJ 10/3 6/11 10/5 

Uneumazita. Emp/exris. 


Fig. 7. Unsaturated Iron-Binding Capacity, Serum Iron and Total Iron-Binding Ckskciti in 
Six Cases during the Height of the Illness and after Recovery 
For symbols see Figure 2. 


92 


G. E. CARTWRIGHT AND M. M. WINTROBE 



Fig. 8. Showing the Slight Rise in the Iron- Capacity of the Serum, the Rise in Serum Iron and 
Binding Capacity of the Serum in a Patient (V. B.) Minimal Improvement in Anemia in a Patient (A. R.) 
DURING Recovery from Tularemia following Thoracotomy for a Lung Abscess 


For symbols see Figure S. For symbols see Figure S. 



r . in Tttp Fffect of the Injection of S Gm. of Metal-Combining Globulin (Fraction IV-7) on the 
Total Iron-Binding Capacity of the Serum in a Patient (J.A.) with Tuberculosis ^ 

„ 0 TViP <;erum iron rose to a somewhat higher level following the injection of 

wL d„rea. in „™n, iron was slower b„. after 24 hoars 

be level was the same as originally. 
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7/11 7/22 7/23 7/24 7/25 7/26 7/28 


Fig. 11. The Effect of the Injection of 6 Gm. of Metal-Combining Globulin (Fraction IV-7) on the 
Total Iron-Binding Capacity of the Serum in a Patient ( J. K.) with Chronic Empyema 
Although the TIBC increased to a higher level than in patient J. A. (Figure 10) this did not succeed in 
maintaining an elevated serum iron level. For symbols see Figure 2. 


ml. of saline and given over a one-hour period. 
Five minutes after this was completed a sample 
of blood was withdrawn for analysis and the same 
quantity of iron injected (0.137 mg. per kilogram 
body weight) as had been given two days previously. 
The results are presented in Figures 10 and 11 
and illustrate several points of interest. The ad- 
ministration of the metal-combining globulin in- 
creased the TIBC to within normal limits in both 
patients. The iron-binding capacity of the protein 
injected was 0.72 /ig Fe^^ per milligram of protein. 
Therefore, all of the material injected could be ac- 
counted for in the serum on the basis of the calcu- 
lated plasma volume. There was no evidence of 
inactivation of the binding capacity within two to 
three hours. The levels of serum iron reached 
when metal-combining globulin was given in ad- 
ition to iron were somewhat higher in one case 


and much greater in the second case, as compared 
with those obtained when iron was injected alone. 
The rate of disappearance of iron from the serum 
was not diminished, however. In both individuals 
the serum iron returned to its previously low level 
within seven hours in spite of the increased TIBC. 
The TIBC returned to its previously low level in 
48 hours in one patient (Figure 10) and in 96 
hours in the other (Figure 11). The temporary 
restoration of the TIBC to normal in these cases 
apparently did not result in a detectable mobiliza- 
tion of iron from the tissues to the blood. 

It is of interest to note that while the intravenous 
injection of metal-combining globulin together 
with iron was not followed by a significant change 
in the serum iron, thoracotomy with relief of the 
underlying disorder was associated with a steady 
increase in total iron-binding capacity, a gradual 
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Fig. 12. To Compare the Very Transient Rise in 
the Total Iron-Binding Capacity and Serum Iron 
IN A Patient (J. K.) following the Injection of 6 
Gm. of Metal-Combining Globulin (Fraction IV-7) 
AND 8.4 Me. Fe** as Iron Ascorbate with the Steady 
Rise following Thoracotomy with Relief of the 
Empyema 

The serum iron also rose. Tlic saturation of the iron- 
binding protein with the iron increased and the anemia 
disappeared. (Same patient as in Figure 11.) For sym- 
bols see Figure S. 


rise in serum iron, increased saturation of the iron- 
binding protein with iron and relief of the ane- 
mia (Figure 12). 

Since it has been demonstrated that patients 
during febrile paroxysms following the adminis- 
tration of typhoid vaccine rapidly develop hypo- 
ferremia (16) the TIBC was followed in such a 
patient during two paroxysms of fever (Figure 
13) . No significant change took place even though 

hypoferremia developed. _ 

In an attempt to determine tlie rapidity with 
which a reduction in TIBC takes place in the pres- 
ence of inflammation, an abscess was produced in 
a dog by the intramuscular injection of staphylo- 
cocci (Figure 14). Twenty-four hours after the 
production of the infection the SI ^d fallen from 
130 per cent to 35 /.g per cent. , There was also 
a reduction in the TIBC at this time but 
reduction did not take place until the third day at 


which the SI had returned to normal. Two other 
dogs received repeated injections of turpentine 
(Figures 15 and 16). In each animal, 24 hours 
after an injection hypoferremia developed and a 
fall in the TIBC occurred. The decrease in serum 
iron was always greater than the decrease in TIBC 
and the per cent saturation thus decreased. In 
each instance the maximum decrease in TIBC took 
place after maximum hypoferremia had developed 
with the result that as the SI rose the per cent sat- 
uration increased. Following three of the six in- 
jections the serum became 100 per cent saturated 
during the rebound in iron content. 

DISCUSSION 

In 13 patients with chronic infections, in two 
dogs in which sterile abscesses were produced and 
in a single dog in which an acute infection was 
introduced, the total iron-binding capacity (TIBC) 
of the serum was reduced as compared with the 
normal, as was the serum iron. The reduction in 
the latter was proportionately greater, with the re- 
sult that the per cent saturation wdth iron was de- 
creased. The intravenous administration of the 
iron-binding protein to two patients with chronic 
infections increased the TIBC of the serum to 
nearly normal values for a period of approximately 
24 hours without diminishing the rate of disap- 
pearance of iron from the serum. Furthermore, 
in a patient given typhoid vaccine hypoferremia de- 
veloped without a significant change in the TIBC 
of the serum. Again, in the dogs given injections 
of turpentine or staphylococci hypoferremia pre- 
ceded the maximum fall in TIBC ; in both dogs and 
patients, even though the TIBC was diminished, 
the per cent saturation of the protein with iron 
was also reduced due to the greater fall in serum 
iron ; and finally, there appeared to be no correla- 
tion between the degree of hypoferremia and ane- 
mia and the degree of reduction of the TIBC. 
From these observations it would appear that some 
factor other than a reduction in the iron-binding 
protein is responsible for the hypoferremia associ- 
ated with infection. Since in conditions in which 
the demands of the body for iron are increased, 
namely, iron deficiency and pregnancy, there is 
an increase in the TIBC of the serum, and since in 
those disorders in which the demand of the body 
for iron is decreased such as pernicious anemia 
in relapse (12), there is a decrease in the TIBC, 
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Fig. 13. The Effect of Fever Induced by the Injection of Typhoid Vaccine on the Total 
Iron-Binding Capacity and the Serum Iron 


For symbols see Figure 5. 


might he asked : Does the reduction : 
■IIBC in infection reflect an attempt to reduce tl 
intake of iron? With the information now avai 
able this question cannot be answered. 

In most of the patients with infections the TIB 
was reduced to about 43 per cent of the norm; 
mean and m one patient the value was reduced 7 
per cent.^ The total serum proteins were in gei 
eral within the normal range although occasional! 
y were m the lower limits of normal. Thus th 
uction in the iron-binding protein was out c 

Porportion to the general reduction in serui 
proteins. 

a °^"^'^^tions it would appear tha 
heiphi^f ^.'^ministration of iron th 

ser^m V limited by the capacity of th 

is e^.°^ the serur 

bloo??^‘^ the unbound iron rapidly leaves th 

the TTB^ symptoms develop. Sine 

is now .V “ infections an explanatioi 

ailable for our previous observation tha 


the initial five-minute rise was not as great in pa- 
tients with infections as in normal subjects (13). 

Goetsch, Moore and Minnich (16) have ob- 
served serum iron values from 0.622 to 3.86 mg. 
per cent in patients following the intravenous in- 
jection of massive doses of iron (from 0.608 to 
1.32 gm. as colloidal hydroxide and colloidal fer- 
ric oxide) . Moore, Arrowsmith, Welch, and Min- 
nich (17) observed serum iron values in dogs as 
high as 1.60 mg. per cent after the intravenous 
administration of 1 mg. Fe^^ per kilogram of body 
weight. These experiments differ from ours in 
that much larger doses were used. It may be that 
with the administration of doses such as Moore 
and his associates gave, the iron combines with 
other proteins. 

As far as our own observations are concerned, 
the failure of the serum iron to rise above the lev'^h 
of the TIBC when 0.137 mg. Fe-^ per kijogra-pg]^ 
were given intravenously, appeared to be slo cc37, : 
sistent that we would suggest that the most : -‘i ecs 
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;c method of determining the TIBC is by meas- 
ing the serum iron five minutes after the 
jcction of a supersaturating amount of iron. 

It may be noted in passing that, since the toxicity 
: injected iron seems to be dependent upon the 
rcsence of unbound iron in the serum, it is un- 
ikely that any one particular iron compound, other 
.han iron in combination with protein or colloidal 
ron, can be less toxic than another. 

SUMMARY 

1. The total iron-binding capacity (TIBC) of 

jhe scrum was measured in 30 normal individuals. 
jl'bc mean =5= S.D. was 359 =!= 30.8 /ig per cent. 
The saturation of the iron-binding protein with 
iron was found to be 35 6.4 per cent. 

2. The total iron-binding capacity of the serum 
was measured in 13 patients with chronic infec- 
tion, in two dogs in which sterile abscesses were 
produced, and in a single dog given an acute in- 


fection. The TIBC was found to be significantly 
reduced in each instance. The reduction in the 
serum iron was proportionately greater than the 
reduction in iron-binding capacity with the result 
that the per cent saturation was lowered. 

3. The total iron-binding capacity of the serum 
was also measured in six patients with iron de- 
ficiency and found to be increased. The per cent 
saturation of the iron-binding component was less 
than 10 in each instance. 

4. The administration of metal-combining glob- 
ulin (Fraction IV-7) to two patients with chronic 
infections resulted in a temporary increase to 
normal in the total iron-binding capacity of the 
serum. Following the administration of this frac- 
tion the intravenous injection of iron resulted in a 
greater initial five-minute rise in the serum iron 
than previously but the rate of disappearance of 
the iron from the serum was not significantly af- 
fected. Furthermore, the temporary increase in 
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Fig. is. The Effect of the Repeated Intramuscular Injection of Turpentine on thi 
Total Iron-Binding Capacitv and the Serum Iron of a Dog 

For symbols see Figure 5. ' 


the iron-binding capacity of the serum did not re- 
sult in a detectable mobilization of iron into the 
blood. 


5. The administration of typhoid vaccine to a 
patient produced a transient hypoferremia without 
a significant change in the iron-binding capacity of 
the serum. 

6. These observations would indicate that the 
hypoferremia which accompanies infections is not 
t e result of a reduction in the iron-binding ca- 
pacity of the serum but is dependent upon some 
other factor. 

7. The observations of Holmberg and of Laurell 
that the “braking” mechanism described by Wald- 
enstrom is attributable to the fact that iron, in ex- 
cess of that which can be bound, rapidly leaves the 

ood stream, and their conclusion that the intra- 
venous administration of iron in excess of the 
amount which can be bound produces toxic symp- 
toms, have been confirmed. 
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POTASSIUM DEFICIENCY AND THE ROLE OF THE KIDNEY 
IN ITS PRODUCTION ® 
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It has been recognized that a depression of the 
concentration of potassium in serum may reflect 
a concomitant deficiency of potassium in the cells 
of the body (1). Low concentrations of potassium 
in serum and diminished potassium contents of 
skeletal muscle have been reported in experimental 
animals maintained on diets deficient in potas- 
sium (2) and in animals treated with large doses 
of desoxycorticosterone (3). Depressions of the 
concentration of potassium in serum have been ob- 
served clinically in patients receiving desoxycorti- 
costerqne (4), in familial periodic paralysis (5, 
6), in diabetic acidosis (7, 8), in intestinal obstruc- 
tion (9), and in diarrhea (10). In some of these 
conditions deficit of cellular potassium has been 
indicated by negative balances of potassium when 
the intake of potassium was low and retention of 
potassium when the ion was administered (10-13). 
However, significant alterations in the cellular 
content of potassium may occur without much 
change in the amount and concentration of potas- 
sium in the extracellular fluid and serum (10, 14). 
Levels of serum potassium therefore, may, but do 
not necessarily, reflect the state of depletion or re- 
pletion of cellular potassium. 

The study reported here was undertaken in an 
attempt to elucidate some of the clinical problems 
of potassium deficiency in adult patients. These 
problems include the relation of the concentration 
of potassium in serum to cellular deficiency of the 
ion, the extent of such cellular deficiencies and 
their relation to retention of administered potas- 
sium, and the physiological abnormalities by which 
such deficits are produced. 

I'y ^ grant from the James Hudson Brown 
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cine. 
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City, May 3, 1948. 
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EXPERIMENTAL MATERIAL AND PROCEDURE 

Six adult patients on the medical and surgical services 
of the New Haven Hospital were studied. Of these, 
five were suffering from conditions involving extensive 
losses of fluids from the gastrointestinal tract, and the 
si.vtli had a cerebral vascular disturbance with quadri- 
plegia. All the patients were being sustained wholly or 
in part by parenteral fluids with minimal amounts of 
potassium. Four of the patients with gastrointestinal 
fluid loss had abnormally low concentrations of potas- 
sium in serum. 

In all patients exchanges of chloride, sodium, potas- 
sium and nitrogen were measured during a series of 
periods of 24 hours or longer. In five of the patients 
these measurements were made in one or more preliminary 
periods during which a negligible amount of potassium 
was given. These were followed by periods of potassium 
administration. In Case 1, A. M., potassium was given 
in the initial period. In five cases the potassium was 
given parenterally as KjHPO* and KH.PO* in molar 
ratio of 3.55 to 1 to yield a pH of 7.35 ; in the sixth case 
it was given as KCl. These potassium salts, added to 
the other intravenous fluids in concentrations up to 70 
m.eq. per liter, were given slowly at a rate not in excess 
of 20 m.eq. per hour. The amount of potassium given by 
the intravenous route varied from 29 to 167 m.eq. per 
day. Water and sodium chloride were .adrrlinistered ac- 
cording to the clinician’s opinion of the Various require- 
ments of the moment; before potassium therapy was 
instituted, two of the patients were maintained on intakes 
high in sodium (J. L., E. R.), and four on intakes low 
in sodium in varying degrees. All of the patients were 
given carbohydrate and casein hydrolysate during most 
of the periods. Clinical diagnoses are appended to 
Table I. 

Two normal control subjects were maintained for three 
successive 24-hour periods on a liquid diet of milk forti- 
fied with “Dextri-Maltose.” This diet was isocaloric 
with the usual daily intake of the subjects and kept them 
approximately in nitrogen equilibrium. On the second of 
the three days, 10 grams of KCl were added to the diet 
to ascertain whether retention of potassium could be 
induced under these circumstances in a normal subject 
during a 24-hour period or longer. 

One normal control subject was also given an iso- 
caloric diet low in potassium for two 24-hour periods. 
The diet consisted of a solution of casein, lactose, butter 
and sodium chloride. The experiment was designed to 
determine the minimal rate of renal excretion of'-potas- 
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POTASSIUM DEFICIENCY AND HOLE OF KIDNEY 
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TABLE n 

Analyses of blood and serum, and changes in the distribution of sodium and potassium between the phases of body fluid 
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siliin in a subject in nitrogen equilibrium and not initially 
depleted of potassium. 

METHODS 

The amounts of potassium and sodium in scrum, urine, 
and other body fluids were measured with the flame pho- 
tometer (15). The other chemical methods which were 
used, and the methods of calculation of the derived data, 
have been previously reported (Id, 16). In the present 
study the concentration of potassium in extracellular fluid 
was assumed to be the same as that in scrum because of 
the uncertainty concerning the proportion of the latter 
which is non-dilTusiblc. Any error in this assumption 
would have little effect on the calculated transfers of 
intracellular potassium. In order to difTcrentiate at least 
to some extent between transfers of potassium wliich arc 
associated with cellular anabolism or catabolism and those 
which arc not, a relationship of potassium to nitrogen 


must be assumed. In the former studies just cited a 
ratio was used of potassium to nitrogen of 2.4 m.cq. to 
1 gram; the same ratio has been employed in the present 
calculations to determine the movements of potassium in 
“excess” of nitrogen. Use of the K ; N ratio of 3:1 as 
advocated by Darrow (10) and which probably repre- 
sents the uj)pcr limit of this ratio, would increase the 
magnitude of the change in cell potassium associated 
with nitrogen by 20 per cent, but would not significantly 
alter the direction of change of c.xcess cell potassium or 
the conclusions based thereon. 

RESULTS 

The analytical and derived data are presented 
in Tables I and II and in Figures 1 to 6. 

The patients retained a significant portion of 
administered potassium in the cellular phase in ex- 


Pollonl 
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of scrum 
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Change in +200 
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days 



Fig 1 Exchanges of Potassium and Nitrogen in a Patient Treated with 

Potassium Phosphate 

Two periods are shown of potassium administration to a patient (A. M., Case 1) 
with a duodeno-biliary external fistula who received nothing by mouth for 34 days. 
On Days 1 to 7 inclusive, potassium phosphate was given by vein, on Days 15, 16, 

Potassium retention in the cellular phase was maximal during die first three days; 
liHie was retained thereafter. When potassium was stopped during Days 17 and 18 
S nary excretion of potassium persisted. Except for one 24-hour period, more 
potassium was invariably excreted in urine than in gastrointestinal fluid. 
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Fig. 2. Exchanges of Potassium in Two Control Normal 
Subjects on High and Low Intakes of the Ion 
In all three experiments the subjects were on isocaloric diets. 
In the first two experiments the moderate oral intake of potas- 
sium in milk was supplemented on Day 2 with' KCl. No sig- 
nificant amounts of potassium were retained. In the third ex- 
periment, despite the low intake, potassium continued to be 
excreted in the urine and a cellular deficit was initiated. 


ess of nitrogen. As the control subjects did not, 
his retention presumably indicates a pre-existing 
ellular deficit of the ion. The magnitude of the 
leficit was not defined by the extent of retention in 
ach patient, however, since only in Case 1, A. M., 
vas potassium administered for a sufficient length 
)f time to demonstrate that the patient’s cells 
vere approaching saturation (Figure 1) ; the 
)ther patients were still retaining potassium at the 
:nd of the study. The amount of potassium so re- 
:ained ranged between 73 and 232 m.eq., or 1.2 to 
1.6 m.eq. per kilogram of body weight (Table II). 
The upper limit of this range would be increased 
lO 283 m.eq., or 7 .0 m.eq. per kilogram, if the last 
two days of Case 2, E. R., are included when the 
mtake of potassium in food was calculated from 
hermans tables (17). The two normal subjects 
who were given somewhat larger quantities of po- 
tassium, retained 0.1 m. eq. per kilogram each over 
the three 24-hour periods; essentially all of the 

potassium given was excreted (Table II, Figure 

2 ). 

The cellular deficits of potassium as demon- 
strated by retention of the ion were usually, but not 
always, associated with a low concentration of 


serum potassium; when the concentration of po- 
tassium in the serum was low a cellular deficit was 
always present (Figure 3, [a]). When the cellu- 
lar content of potassium was increased, both the 
serum concentration and the absolute amount of 
extracellular potassium tended to rise; but con- 
siderable alteration occurred in the former frac- 
tion of potassium with relatively minor changes in 
the latter two values (Figure 3, [b and c] ) . 

The major factor in the development of deficits 
of potassium in these patients appeared to be the 
continued excretion of potassium by the kidney 
during times of restricted ingestion of the ion. 
Since these patients were not studied quantitatively 
from the time of onset of their disease, the data do 
not contain complete evidence concerning the mode 
of origin of the potassium deficits. Loss of po- 
tassium by vomiting and diarrhea must have been 
a contributory factor. In Cases 1 to 5 fluid had 
been lost steadily from stomach or upper small in- 
testine for periods of four days to three months, 
immediately preceding the studies. Direct analy- 
ses of samples of such fluids in four of these cases 
revealed potassium concentrations one to six times 
as high as those of normal serum, and losses of as 
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much as 41 m.cq. per clay (Case 1, A. M.). As 
the potassium intake of vomiting' patients is low, a 
negative balance may ensue and reach significant 
proportions over a period of days. 

However, during the periods studied, with one 
exception, more potassium was lost in urine than in 
gastrointestinal fluid (Table I). In both the pa- 
tients and the normal subjects the capacity of the 
kidneys to conserve the ion was limited. In Fig- 
ure 4 the line which defines the relation between 
the rate of administration and the rate of excretion 
of potassium in the normal subjects, docs not pass 
through the origin but intersects the abscissa at 
approximately 40 m.cq. per day. Some of the pa- 
tients on low intakes excreted less potassium, W 
the ion never disappeared from the urine. In 
three of these patients (A. M., R. W., M. McK.) 


who were in nitrogen equilibrium the conditions 
were optimal for renal conservation of potassium, 
^ct the rates of potassium excretion in these pa- 
tients were 28, 27 , and 5.5 m.cq. per day, and the 
lowest concentration ratio of urine to serum 
(U/P) was 1.0. Under these conditions and in 
these patients, there was no direct evidence of ac- 
tive tubular rcabsorption of potassium against a 
concentration gradient. 

T. he height of the concentration of potassium in 
scrum was less well correlated wdth the rate of ex- 
cretion in the patients than in the normal subjects 
(Figure 5, Tables I and II). In some of the 
former, more potassium appeared in the urine 
when the serum concentration was low than when 
it was at higher levels; in the latter, slight in- 
creases in the serum levels were associated with 
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Fig. 3. Comparison of Changes in Excess Cell Potassium with (a) 
THE Initial Level and (b) the Changes in Concentration of Serum Po- 
tassium, AND (c) with the CHANGES IN AMOUNT OF EXTRACELLULAR 
Potassium 

The control subjects are represented by crosses, the patients by circles. Open 
circles represent the total changes for consecutive periods when the intake of 
potassium was low, closed or partially closed circles represent similar periods 
when the intake was high. The half-solid circle is the probable summation of 
two periods of high potassium intake (quarter-solid circles) in R.W., Case 4. 

Retention of cellular potassium is roughly correlated with an initial low level 
of serum potassium (a), with a rise in serum potassium concentration (b), and 
with small increases in the amount of extracellular potassium (c). 
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PolQtitum in urint 
ptf daj 


Fig. 4. Relation or the Daily Excretion or Potas- 
sium IN Urine to the Daily Intake or Potassium 
Data are for 24-hour periods, crosses represent periods 
of low (-f) and high (X) intake of potassium in the 
normal subjects. Open and solid circles represent simi- 
lar periods, respectively, in the patients. 

Potassium excretion varied directly with the intake of 
the ion in the normal subjects but not in the patients. 
In both groups, the excretion of potassium persisted when 
the intake was negligible. 


large increases in the renal excretion of the ion. 
The concentration of serum potassium was meas- 
ured at intervals of 24 hours ; levels at intermedi- 
ate points closer to the actual time of potassium ad- 
ministration were probably higher, at least in the 
normal subjects. Failure of the serum concentra- 


tion to rise to comparable intermediate levels might 
explain the failure of the patients to excrete as 
much potassium as did the controls. In the former 
the amount of potassium excreted in the urine bore 
no relation to the amount of potassium given 
(Figure 4). In four of the patients actually less 
potassium was excreted during periods of high 
intake than during those of low intake. Unfortu- 
nately our data cannot define completely the role 
of the scrum potassium level in this phenomenon, 
but presumably the primary cause for the failure 
of the patients to excrete administered potassium 
was the avidity of the cells of other tissues for the 
ion. 


ceU &odtum 




Polottlum in urin* 
m€q. per dgy 

Fig. 5. Relation of the Daily Excretion of E 
assium in Urine to the Average Concentration 
■Potassium in Serum 

I" the norn 

Increases in serum concentration w< 
of increases in the rate of excreti 

patients^*"*"' relationship did not hold in 1 


Chonge tn tmtess cbU poiossUm 
meq. 

Fig. 6. Comparison of Changes in Excess Cell 
Potassium and in Cell Sodium 
Symbols are the same as in Figure 3, except that the 
summation of periods in Case 4, R.W., is omitted. An 
inverse relationship is present in only a few of the 
periods. 


Disturbances in the distribution of other electro- 
lytes could not he causally related to the potassium 
deficiencies in our patients. There was no con- 
sistent relationship between the concentrations in 
the serum of sodium or chloride and those of po- 
tassium (Table II). An inverse relationship be- 
tween changes in cell sodium and changes in cell 
potassium was present in only a few of the pa- 
tients (Figure 6). The COj content of serum 
was abnormally high at some stage in the course 
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of these studies in four of the six patients, but 
only in Case 1 was it clearly unrelated to the intra- 
venous infusion of alkali or to a possible primary 
CO; excess (Table 11). The administration and 
retention of potassium did not appear to alter sig- 
nificantly the nitrogen balance. Only in two eases 
(Cases 3 and 5) did the latter become less nega- 
tive or more positive when potassium was given 
while the nitrogen intake was maintained at the 
same level (Table I). 

Electrocardiographic and clinical findings in 
these patients were surprisingly non-specific with 
respect to potassium deficiency. In the patients 
with low concentrations of scrum potassium, elec- 
trocardiographic abnormalities, c.g., depression of 
the T waves, were noted which were similar to 
those previously reported (IS, 19). There was no 
precise correlation between the level of scnim po- 
tassium and the degree of electrocardiographic dis- 
turbance. During the course of infusions of potas- 
sium these abnormalities sometimes receded but 
no cardiotoxic effects supcn'cned. No definite 
sjTnptoms or physical signs of neuromuscular dis- 
turbance, respiratoiy embarrassment, or specific 
cardiac abnormality were observed, despite the 
fact that four of the patients had concentrations of 
serum potassium in the range of those reported in 
familial periodic paralysis (5) and in other patients 
in whom paralytic phenomena were attributed to 
hypokaliemia (7, 20, 21). No detrimental effects 
of potassium administration were seen with the 
following exceptions : in Case 1 more fluid was lost 
through the rectum when potassium phosphate was 
added to the fluid given through the enterostomy, 
and diarrhea occurred in one of the normal sub- 
jects following the ingestion of potassium chloride. 
Otherwise, the patients tolerated the potassium 

therapy well. 


discussion 

Limits and sources of error. The magnitude of 
changes observed in these studies grearty exceeded 
any possible sources of errors in chemical determi- 
nations This was also true with respect to the 
collection of specimens despite the fact that the pa- 
tients were studied on the open ward. Elec^olyte 
losses in sweat were not measured. As the pa- 
tients were not sweating ^ ""f mtnoJ 

far as potassium is concerned would be of minor 

importance (22) ; in the case of chlonde and so- 


dium, the error might be greater, but probably 
would not significantly alter results. 

The derived data were calculated on the basis of 
certain assumptions which arc open to question. 
Changes in extracellular potassium were estimated 
from alterations in the chloride space. Admittedly 
some chloride is intracellular but its magnitude is 
small. In addition the extracellular potassium is 
a relatively minor fraction of total body potassium. 
The questionable validity of equating the chloride 
space with the extracellular fluid, therefore, does 
not invalidate the derived data on exchanges of 
cellular potassium. But the relatively large ex- 
tracellular component of sodium does mean that 
the estimated changes in cellular sodium are only 
rough approximations. 

A relationship of potassium to nitrogen has been 
assumed in order to calculate which transfers of 
cellular potassium were due to tissue anabolism or 
catabolism, and which were occurring in intact tis- 
sue cells. Such K : N ratios as have been used for 
this purpose have been derived either from tissue 
(skeletal muscle) analyses or from the excretion 
of these substances by fasting subjects (16, 23). 
It is possible that this relationship may vaiy widely 
in other circumstances (24, 25, 26). But the K : N 
ratio was used as the only available yardstick to 
permit at least some differentiation between these 
two types of transfers of cellular potassium. In 
any case the uncorrected change in cellular potas- 
sium was in the same direction as significant 
changes in excess potassium in all the subjects 
studied, and the correction for potassium associ- 
ated with nitrogen was small in most instances. 

Relation oj retention of potassium to deficit of 
the ion. The two control studies indicate that ex- 
tra potassium given to a normal subject is not re- 
tained. Similar evidence has been found in previ- 
ous investigations for both shorter and longer pe- 
riod's of time (27 to 30). Since the potassium was 
administered to both the patients and the control 
subjects in comparable amounts, and over a com- 
parable period of time, there appears to be some 
justification in equating retention of the ion with 
a pre-existing deficit. 

The patients retained 1.2 to 7.0 m.eq. of excess 
cell potassium per kilogram. Darrow’s infants 
with diarrhea retained 5.8 to 17.3 m.eq. per kilo- 
gram (10). However, the estimation of a deficit 
by the retention of an administered substance re- 
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quires saturation of the subject; i.c., it must be 
given until no more is taken up by the cells. Since 
only one patient, Case 1, (A. M.), was so satu- 
rated, the positive balances of potassium exhibited 
by the other patients probably did not measure the 
full extent of their potassium deficits. 

Mechanism of potassium depletion. During the 
periods of study our patients lost smaller quantities 
of potassium in gastrointestinal fluids than in urine, 
although larger quantities may have been lost via 
the gastrointestinal tract during the periods pre- 
ceding the studies. Undoubtedly this latter route 
of loss may be of greater importance in many cases 
of diarrhea (10), steatorrhea (12), and vomiting 
(9). But in the cases presented here, a low intake 
of potassium in conjunction with the continued ex- 
cretion of the ion in the urine was an important, 
if not the principal, factor in producing the cellular 
deficit. 

Excretion of potassium in excess of nitrogen 
and negative balances of potassium are familiar 
phenomena in a variety of physiological disturb- 
ances. These have been observed in diverse 
groups of patients maintained on the usual varieties 
of parenteral fluids and may be accelerated during 
post-operative periods as part of an injury reaction 
(31 to 34) ; they occur during starvation (23) and 
dehydration (16). The nature of these disturb- 
ances suggests that processes of cellular metabo- 
lism play an important role in determining the 
total exchanges of potassium. Our data, however, 
emphasize the importance of the renal excretion of 
the ion. 

The continued renal excretion of potassium by 
our patients during periods of low potassium in- 
take does not indicate abnormal renal function, but 
rather normal function of the kidneys under ab- 
normal circumstances. With one possible excep- 
tion there was no evidence that any of these pa- 
tients had diseased kidneys. Their rates of po- 
tassium excretion were quite comparable with that 
of the control subject (R. E.) on a low potassium 

let. ^ Furthermore, most patients with severe re- 
nal disease have a lower rather than a higher rate 
o excretion of the ion (35). It is necessary, 
therefore, to consider the ways in which the ab- 
normal conditions influence the excretion of po- 
tassium by the normal kidney. 

Winkler and others have demonstrated that un- 
der normal conditions increases in the intake of 


potassium and in its concentration in serum are as- 
sociated with increases in the rate of excretion of 
potassium (27, 28, 36). These findings are con- 
firmed in the control experiments reported here in 
that large increments of potassium in the urine oc- 
curred with slight rises in the serum concentrations. 
Intermediate analyses of the serum level might 
have revealed higher concentrations. In the pa- 
tients during periods of cellular depletion of the ion 
no positive correlation was apparent between in- 
take of potassium or its concentrations in serum 
and the daily output of potassium. Rapid uptake 
of potassium by the cells may have prevented com- 
parable intermediate rises in serum concentrations 
thus explaining the failure of the kidney to excrete 
it. But such a simple explanation can hardly ac- 
count for the fact that in some instances the rate 
of excretion of potassium was actually lower dur- 
ing periods of administration when the average 
serum level was normal, than during periods when 
intake and serum concentration were low. The 
administration of potassium appeared to shift the 
equilibria of potassium transfers in the various 
phases of body fluid from the direction of excretion 
in the kidneys to movement into tissue cells. 

Potassium has been regarded as a "threshold” 
substance (37). Concentrations of urine potas- 
sium below 4 m.eq. per liter have been recorded 
during diuresis and potassium depletion (11, 28, 
38, 39). Concomitant serum concentrations in 
one study were not greater than those in urine, 
and in the other studies no concomitant serum 
concentrations of potassium were reported. In 
our patients the concentration of potassium was 
never lower in urine than in serum. Considering 
renal tubular function as a whole and assuming that 
the tubular cells are surrounded by the usual type 
of extracellular fluid, no evidence has been found 
that potassium can be reabsorbed against a con- 
centration gradient. This does not exclude the 
possibility that such reabsorption may occur in a 
given portion of the renal tubule. 

Relatio7t of tratisfers of cellular potasshmi to 
those of other io7is. Aside from the renal excre- 
tion of potassium, it is pertinent to inquire into 
the relation of transfers of cellular potassium to 
the exchanges of other extracellular and intracellu- 
lar ions. 

The data confirm previous studies in this labora- 
tory and elsewhere (14) in showing that large 
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amounls of potassium may enter or leave the intra- 
cellular fluid with relatively small increments or 
decrements of the extracellular fraction of the ion. 
Some changes in concentration of extracellular 
potassium may take place. The data show that 
an abnormally low concentration was always as- 
sociated with a cellular deficit of the ion. But the 
converse was not true; one patient, Case 4, 
(R. W.), had a normal concentration, and one, 
Case 2, (E. R.), had an elevated concentration of 
potassium in serum. This is consistent with other 
investigations in which the evidence suggests that 
cellular deficiency of potassium may co-exist with 
normal or elevated concentrations of the ion in the 
extracellular phase (10, 33, 34). As many pa- 
tients are suffering from salt loss, dehydration, 
peripheral vascular collapse and oliguria, it has 
been suggested that this phenomenon is the result 
of impairment of renal function. This did not ap- 
pear to be the fact in Case 4, R. W., but might well 
explain the high serum concentration observed in 
Case 2, E. R. Tliis apparent paradox must be 
kept in mind during any attempt to assess the po- 
tassium requirement of the patient. 

Under certain circumstances a close relationship 
has been noted between potassium depletion and 
alkalosis due to excess of bicarbonate in the extra- 
cellular fluid. In four of our six patients the con- 
centration of serum bicarbonate was elevated to 
some extent before potassium therapy and fell to 
within normal limits after administration of the 
ion. Darrow postulated that such a relationship 
holds only under certain conditions, viz., deficit of 
only one ion (e.g. potassium), and attainment of 
a state of equilibrum by adequate renal function 
(40). All of our cases were studied for periods 
of 24 hours or longer during which renal function 
was adequate, but electrolyte deficits were not re- 
stricted to only one ion. It is interesting, there- 
fore, that our data fit in as well as they do with 
Darrow’s findings. 

One other observation is noteworthy: the ele- 
vated serum bicarbonate concentration m Case 1, 
A M did not return to normal after the deficit of 
ceil potassium had been corrected during four days 
of treatment, but did return to normal three days 
later when the equivalent amount of sodium had 
been discharged from the cells. If the change in 
■ serum bicarbonate is necessarily related to trans- 
fers of either of these cellular cations, this temporal 


sequence suggests tliat it is to the exit of sodium 
from the cell rather than to the entry of potas- 
sium. Such a time lag between the two transfers 
has been noted in experimental animals by Conway 
and Hingcrty (41). Had the other patients in 
our scries been "saturated” and studied for a 
longer period of time, reciprocal movements of cel- 
lular sodium might have been observ'cd more fre- 
quently. 

Administration of large quantities of sodium 
rvithout concomitant use of potassium has also been 
said to predispose to potassium depletion (42). 
In four of the patients the intake of sodium, prior 
to potassium therapy, was low. In none of the 
cases was depiction of cellular potassium consis- 
tently correlated with changes in the concentra- 
tion of extracellular sodium. It is difficult, there- 
fore, to assess the specific role of sodium therapy, 
or that of alkalosis, in the cases presented, but 
certainly deficit of potassium can occur in the ab- 
sence of either. 

Within the limits of the relatively large error 
of the calculation, a reciprocal relationship be- 
tween changes in cell sodium and cell potassium 
was found only occasionally in our studies. Such 
a relationship appeared to be present in some in- 
stances. These results are in agreement with 
those of Darrow rvho demonstrated a reciprocal 
relationship in only three of the six infants with 
diarrhea whom he treated with potassium (10), 
and with previous studies in this department (16). 

Clinical implications. The subjects of this in- 
vestigation were probably representative of a large 
group of patients seen in ordinary hospital prac- 
tice. All of the patients were maintained on paren- 
teral fluids and were unable to eat. In addition 
most of them had lost gastrointestinal fluids to 
some degree. The incidence of unrecognized de- 
ficiency of potassium in such patients must be very 
great. 

The diagnosis of potassium deficiency is not 
simple, as specific signs and symptoms are prob- 
ably the exception rather than the rule. The diag- 
nosis depends chiefly on recognition of the condi- 
tions under which it may develop. The most 
important of these appears to be a low potassium 
intake in association with normal renal function. 
An abnormally low concentration of potassium in 
serum is strongly suggestive of cellular deficit; a 
normal or high serum concentration does not ex- 
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dude it. The most practical proof of the diagnosis 
at present is demonstration of cellular retention of 
administered potassium. Other methods include 
chemical analyses of tissue and possible measure- 
ment of total exchangeable potassium by means of 
tlie radioactive isotope, lO* (43). 

Complete elaboration of the contraindications 
to potassium therapy awaits more extensive clinical 
experience. In the meantime it is certain that the 
most important contraindication is inadequate renal 
function due to any cause (35) . Oliguria or anuria 
caused by intrinsic disease or extrinsic factors are 
absolute contraindications. As patients who are 
likely to have potassium deficiency arc also likely 
to be suffering from peripheral vascular collapse, 
due at least in part to dehydration and sodium 
depletion, potassium therapy should be deferred 
until appropriate treatment for these conditions has 
been instituted. Adrenal cortical insufficiency is 
a contraindication unless this condition is over- 
treated with desoxycorticosterone or cortical ex- 
tract. The limited experience with potassium ther- 
apy in patients with organic cardiac disease and as- 
sociated potassium deficit, permits no comment 
concerning possible cardiac contraindications (44). 

It is not known whether an excessive amount of 
potassium in the intracellular fluid is deleterious to 
the organism. But accummulation of potassium in 
the extracellular fluid is dangerous if it results in 
an elevation of concentration. The cardiotoxic ef- 
fects of such an elevation are well known (45 to 
49), and may be fatal; other possible toxic effects 
are less well understood (46). A high concentra- 
tion of potassium in serum, therefore, contraindi- 
cates potassium therapy even though the cells may 
be depleted of the ion. Evidence has been ad- 
vanced of increased hazard of potassium adminis- 
tration under certain circumstances when the con- 


centration of serum calcium is low (50). 

No arbitrary parenteral dose of potassium can 
be prescribed. Darrow has esimated that 3.5 


™.eq. per kilogram per day of potassium can be ad- 
ministered safely in a period exceeding four to 
eight hours (51). The subjects of this study re- 
ceived up to 3.7 m.eq. per kilogram per day. The 
rate of intravenous infusion of the potassium was 
carefuly controlled and not allowed to exceed 20 


in.eq. per hour. The concentration of the potas- 
sium in the infusion fluids was as high as 70 m.eq. 
per liter, a concentration which is double that rec- 


ommended by Darrow (51). Under these condi- 
tions no untoward effects were observed. 

No evidence is offered in our data that correc- 
tion of a deficit of cellular potassium directly bene- 
fits the patient. Our patients belonged to no ho- 
mogenous clinical state with a known case fatality 
rate or a predictable prognosis. On the other hand, 
the rationale of replacement therapy has been to 
restore the patient to a normal chemical state. It 
appears reasonable, therefore, to attempt to put 
the replacement of intracellular electrolytes on the 
same successful basis as that which has been 
achieved for the constituents of the extracellular 
fluid, 

SUMMARY 

Potassium was administered in daily doses of 
0.7 to 3.7 m.eq. per kilogram to six adult patients 
maintained on parenteral fluids. Three normal 
subjects on isocaloric diets were given 4.4, 3.2, and 
0 m.eq, of potassium per kilogram, as controls. 
The daily exchanges of electrolytes and nitrogen 
were measured. 

In four of the patients the concentrations of 
potassium in serum were abnormally low. All of 
the patients retained administered potassium in 
the cellular phase in excess of nitrogen in amounts 
varying from 1.2 to 4.6 m.eq. per kilogram. Only 
one patient received potassium long enough to 
show that a maximum degree of retention had been 
reached. Each of the normal subjects who re- 
ceived potassium retained only 0.1 m.eq, per kilo- 
gram. 

During periods of low potassium intake more po- 
tassium was lost in urine than in gastrointestinal 
fluid. In four patients during such periods the 
quantity in urine was greater than was the quan- 
tity during periods when the intakes were high and 
concentrations in serum were normal. The mini- 
mum amounts in urine in three of the patients de- 
prived of exogenous potassium and maintained in 
nitrogen equilibrium, were 28, 27 and 6 m.eq. per 
day, and in the normal subject 34 m.eq. per day. 
The potassium U/P ratio was never less than 1.0. 

CONCLUSIONS 

1. Adult patients deprived of potassium by gas- 
trointestinal disorders retain significant amounts 
of potassium when administered. 
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2. Relcnlion of potassium probably indicates 
cellular deficit of the ion. 

3. Such deficits arc frequently but not always 
associated with abnonnally low concentrations of 
potassium in scrum. 

4. During administration of potassium to such 
patients the excretion of potassium tends to de- 
crease rather than to increase, 

5. The kidney in normal subjects as well as in 
depleted patients, under conditions of maximal 
need for conservation, has a limited minimal rate 
of excretion of tlic ion. Tiiis continued excretion 
by the kidney is an important factor in producing a 
slate of potassium deficiency. 
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Modern concepts of renal physiology arc based 
on the assumption that, at least in normal subjects 
without impotent or aglomcrular tubules, nearly 
all the blood goes first through the glomeruli be- 
fore reaching the peritubular capillaries (1), 
Therefore, blood supplying the tubular system is 
thought to come entirely from the efiferent arteri- 
oles. Anatomists have described almost every kind 
of anastomosis, however, which could shunt vari- 
ous parts of the functioning parenchyma (2). 
Except by Spanner (3), little consideration has 
been given to their possible significance in the 
normal kidney (4-6). Likewise, very little is 
known of the role of renal lymphatic vessels in 
the function of the kidneys (7, 8). 

The recent work of Trueta, ct al (9) aroused 
general interest in this subject, because for the first 
time® an attempt was made to demonstrate the 
importance of renal vascular channels which by- 
pass the cortex. Although these authors offer only 
morphological evidence and employ rather vigor- 
ous methods (crushing a limb, very large doses of 
epinephrine, etc.), they were able to show under 
these conditions a shift between cortical and medul- 
lary blood flow in the rabbit. Therefore, it seemed 
rewarding to investigate whether a similar phe- 
nomenon occurs in human subjects and dogs un- 
der normal or pathological circumstances, and 
whether, as Trueta indicated, this is related to the 
presence of arterial hypertension. The experi- 
ments here reported were made in order to detect, 
if possible, any changes in the relative blood supply 
of the different parts of the nephron after adminis- 
tration of certain drugs in pharmocologically active 


doses. It was believed that the opening or closing 
of anastomotic channels between arteries and veins 
would be reflected by relative changes in the renal 
extraction of p-amino hippurate and/or mannitol, 
the utilization of oxygen, or both. 

METHODS 

Catheterization of tlic right renal vein was performed 
in 14 patients using the technique described by other 
authors (11, 12). Eight suffered from arterial hyper- 
tension and sLx did not. Catheters Nos. F-S, -9, or -10 
were used. In four of the earlier experiments a single 
intravenous injection of sodium para-amino liippurate 
(PAH) and mannitol solutions was given as soon as the 
position of tlic catheter had been checked by roentgeno- 
grams. The concentration of the solutions was chosen 
so as to provide acceptable plasma levels during one hour 
or longer. In later experiments, a continuous infusion of 
PAH and mannitol was used instead of the single injec- 
tion in order to provide relatively constant levels of these 
substances in the blood. After one, two or three simul- 
taneous samples from the femoral artery or antecubital 
vein and from the right renal vein had been drawn, 
epinephrine or Instamine was given subcutaneously, and 
two or three more simultaneous blood samples collected 
three to 45 minutes later. In one case pentothal-sodium 
in anesthetic dose was injected intravenously. In all ex- 
periments PAH and mannitol were determined in renal 
and peripheral blood. In six the oxygen content and in 
four the oxygen capacity and the hematocrit were also 
measured. All blood samples were centrifuged as soon as 
possible in order to avoid diffusion of PAH from red 
blood cells. PAH and mannitol were measured by the 
method of Goldring and Chasis (13) modified only as 
regards the technique for estimating the plasma and urine 
mannitol "blank” (14). The oxygen content and capacity 
were determined by tlie method of Van Slyke and Neill 
(15). Hematocrits were read in Wintrobe tubes. The 
blood pressure was measured by the auscultatory method. 


1 Aided by a grant from the National Institute of 
Health, U. S. Public Health Service. 

2 Fellow of Swiss Foundation for Medical and Bio- 
logical Research. . , n 

a Actually, several years previously Fuchs and Popper 

(10) dealt with the problem of the medullary circula- 
tion, but their evidence, based upon the separation of 
India ink during diuresis, was not too convincing. 


In 15 dogs blood from the renal vein and from the 
renal artery and/or femoral artery was drawn slowly 
and more or less simultaneously after the vessels had 
been exposed under nembutal anesthesia. For technical 
reasons, only partial experiments could usually be per- 
formed due to the large amounts of blood necessary for 
complete analyses. In some dogs the arterio-venous oxy- 
gen difference and the hematocrit, and in others, the 


114 



CAN RENAL SHUNTING HE INDUCEO HY VASOACTIVE DRUGS 


115 


TAIILE I 

Changes in arteno-renaJ venous differences after intravenous injection of epinephrine in dogs 
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TABLE II 

Oxygen conienl, hcmatocril, and corrected oxygen content in dog experiment No. 106 


1 

Condition 

0: Content | 

i 

Hematocrit 

j Corrected Oj content ♦ 

Femoml 

artery 

Renal 

vein 

1 

A-V 

difl. 

Femoral 

artery 

Renal 

vein 

Ilcmo- 

conc. 
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[ .artery 

Renal 

vein 

A-V 

difr. 

Control 

3 minutes after epinephrine 0.2 mgm. 

12 minutes after epinephrine 1 

rol. % 

IS.SO 
20.00 
18.15 j 

rol. % 

16.40 

18.15 

15.20 

rol. % 
2.40 
1.85 
2.95 j 

% 

54.75 

57.10 

53.90 

% 

54.10 

68.20 

52.50 

% 

-1.1 
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-2.6 

1 roi. % 

' 18.80 

1 19.20 
18.40 

rol. % 

! 16.60 
14.60 
15.80 j 

1 1 

rol. % 
2.20 
4.70 
2.60 


* Corrected to a constant hematocrit of S4.7S. 


PAH extraction, were determined before and after the 
intravenous injection of epinephrine (50 to 200 gamma) 
using the methods described above. 

results 

a. Experiments in dogs {Tables I, II). After 

epinephrine was injected the difference between 

the oxygen content in femoral arterial and renal 

. P-R‘ 

< The “extraction" is defined by the expression — p— , 

where P is the concentration of the substance in the 
peripheral and R in the renal venous plasma. 


venous blood was lower in five dogs (Nos. 19, 
20, 22, 29, and 106), and higher in three (Nos. 
102, 105 and 112). The reaction to the drug was 
minimal in the latter (Table I). Renal arterial 
hematocrit values were consistently lower than 
venous, and the usual rise occurring after epineph- 
rine was less marked than in renal venous blood. 
Femoral arterial hematocrit values were not con- 
sistent, being sometimes higher and sometimes 
lower than those from renal arterial blood. Epi- 
nephrine produced less hemoconcentration in fem- 


% Renal Extraction of PAH in 8 Human Subjects 



The control values to the left of the vertical line were taken at least ten minutes apart, and 
after sufficient time had elapsed to allow the blood levels to come to equilibrium. The vertical line 
indicates the time of injection of epinephrine. Except for three cases, there is no significant change 
Z .vtr^irtion of PAH (see Table HI). Note that the reduction occurs only in the last deter- 
mination Patients F. W. and W. D. suffered from arterial hypertension, as did D. B. and V. R. 
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Fig. 2. Variations in the Right Renal Extraction of PAH after the Subcutaneous Injec- 
tion OF Histamine ( ) and the Induction of Pentothal Anaesthesia ( ) 

All patients were hypertensive but F. C. The vertical line indicates the time of injection. Note 
that a significant decrease occurred only in one case (E. C), and this 23 minutes after injection. 


oral arterial blood than in that from the renal 
vein, except in one dog (No. 231). 

Changes in the oxygen capacity paralleled the 
hematocrit values, and the same is roughly true 
with regard to the plasma proteins, indicating that 
actual hemoconcentration occurred. Caffeine in 
two experiments appeared to lessen the arterio- 
venous hematocrit difference. The extraction of 
PAH by one kidney was influenced by intravenous 
epinephrine in four of five dogs, but the direction 
of the change was inconsistent (Table I). In one 
(No. 105) it decreased progressively, in one (No. 
217) temporarily, and in two it rose. One experi- 
ment indicated a pronounced fall (No. 29) but the 
blood sample may have become contaminated with 
ureteral urine. 

b. Experiments m human subjects {Table III j. 
Fourteen successful experiments were completed. 

enal arterio-venous differences in oxygen con- 
tent were determined in six patients. After pento- 
thal anesthesia was given in one (M. P.) the dif- 
ference was slightly increased. When epinephrine 


was injected it became decreased in two (W. G. 
and F. W.), but renal venous blood became more 
concentrated as evidenced by plasma protein levels. 
In two other subjects (P. C. and W. D.) the ar- 
terio-venous oxygen difference was increased. It 
was probably unchanged in patient D. B., although 
the second arterial determination of oxygen was 
not entirely reliable, a small clot having been found 
in the syringe. Hematocrit values, determined 
in four cases, were increased in two by epinephrine 
and in one (W. D.), this was greater in renal ve- 
nous than in femoral blood. They were unchanged 
during pentothal anesthesia in one, and slightly in- 
creased in one after histamine was injected. 

The renal extraction of PAH became decreased 
16 to 40 minutes after epinephrine was injected in 
three subjects. This decrease ranged from 91.0 to 
84.5 per cent in subject P. C., from 79.7 to 69.6 in 
F. W., and from 89.5 to 83. 7 in W. D. (Figure 
1). No significant changes were observed in six 
patients. After histamine was given, changes oc- 
curred in two (E. C. and A. B.), where the ex- 
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traction fell from 87,1 to 80.2 and from 80.7 to 77.0 
respectively (Figure 2), 

The mannitol extraction usually increased 
shortly after epinephrine was injected, suggesting 
that efferent arteriolar constriction occurred, re- 
turning to its previous level later (except in case 
F. W. where it was definitely lower in the last pe- 
riod). After histamine was given, it increased in 
three cases, and markedly decreased in one (E. 
C.). Variations in the one experiment during 
which pentothal anesthesia was induced were not 
consistent. 

In some of these patients urine Yvas collected 
during the renal venous catheterization, and the 
urinary excretion of mannitol and PAH was com- 
pared with their renal extraction. A discrepancy 
between the plasma flows calculated from Cm/Em 
and Cpah/Epah was found (16). This discrep- 
ancy cannot be explained by the presence of arterio- 
venous shunts, as the extraction percentages of 
these materials were not unduly altered. These re- 
sults will be reported elsewhere (17). 

DISCUSSION 

It is conceivable that shunts of several types 
exist in the kidney. It could reasonably be ex- 
pected that our experiments would be capable of 
demonstrating at least three of them, if they were 
physiologically important and responded to ordi- 
nary doses of vasoactive drugs, namely : 

1. Direct arterio-venous anastomoses between 
relatively large vessels {arcuate or mterlohular) , 
arteriola rectae, "juxta-medullary by-passes” (9, 
18), which short-circuit both glomeruli and tu- 
bules. Opening of these shunts would decrease 
PAH and mannitol extractions and renal arterio- 
venous oxygen differences.® This was not found 
to be the case. 

0 It is possible that “juxta-medullary by-passes” re- 
sulting from blood flowing through nephrons in this 
region, produce about the same effect as direct arterio- 
venous shunts. It is not likely that glomeruli, which 
have efferent arterioles as large as afferent (9), per- 
form much filtration, and therefore little mannitol would 
be filtered. Even if the tubules corresponding to these 
glomeruli are functioning, relatively small amounts of 
PAH will be extracted from the blood by the tubular 
cells, unless there is an adequate intratubular flow of 
urine. Moreover, the proportion of juxta-medullary neph- 
rons to cortical ones is probably not greater than 10 per 
cent (18). Therefore, if these nephrons should become 


2. Vessels supplying the tubules by- passing the 
glomeruli. Opening of these would decrease the 
mannitol extraction alotic, PAH and oxygen dif- 
ferences remaining unchanged. The .same effect 
would be produced by the presence of "aglomerular 
tubules” (1). Changes in the mannitol extraction, 
however, were not consistent. 

3. Direct communications between eff crent glom- 
erular arterioles and renal veins by-passing the 
peritubular capillaries. Opening of such anasto- 
moses would decrease the PAH extraction and 
decrease slightly the osiygen differences, mannitol 
extraction being unchanged. One would expect 
the same from ‘‘impotent nephrons” (1). Ex- 
tractions of PAH, however, remained relatively 
constant in most cases. 

It is also conceivable that some of the substances 
entering the kidney leave it via lymphatic vessels 
and by-pass the renal vein either after being re- 
absorbed, or after interstitial diffusion. Unfortu- 
nately, there is at present no innocuous wa)' to 
demonstrate such a mechanism in man. 

The first type of shunt should be easily demon- 
strable and would probably be the most important 
in physiopathological conditions of the kidney. 
There is some evidence that such shunts exist, at 
least in animals. Trueta claims to have seen “red 
blood” in the renal veins of rabbits (9). We have 
observed it in dogs only during trauma to the 
kidney at operation. Unexplained low PAH or 
diodrast extractions have been observed both in 
tlie dog and in man (12, 19, 20). The existance 
of shunts has been postulated in order to explain 
“reflex anuria” (21), and the “crush syndrome” 
(9). These observations have been made usually 
under experimental, operative or severe pathologi- 
cal conditions. The importance of anastomoses 
would be greater if they were concerned with 
ischemia of certain parts of the kidney, and if rela- 
tively mild stimuli (nervousness, autonomic insta- 
bility, emotional factors, pain) would be able to 
shift the cortical circulation to a medullary one. 
For that reason, epinephrine was used in our ex- 
periments. Histamine was employed as well, be- 
cause a renal action somewhat similar to that of 
epinephrine has been demonstrated (22). 

functional to any great extent, at the expense of the 
cortex, one might expect a considerable depression of 
the extraction of both mannitol and PAH. 
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When renal arterio-venous oxygen clifTerences 
were measured in the dog, Tructa’s findings ap- 
peared to be confirmed, i.c., the oxygen content in 
renal venous blood increased after the intravenous 
injection of epinephrine. However, when hema- 
tocrit, oxygen capacity and plasma proteins were 
also determined, (Table I), it appeared that this 
increase was simulated by a marked hemoconcen- 
tration (according to oxygen capacity and hema- 
tocrit), of as much as 22.2 per cent in the renal 
blood, and of only 4.4 per cent in the peripheral 
blood in one case (Figure 3). The increase in 
plasma proteins was not as striking. When ar- 
terio-venous differences were corrected to a con- 
stant oxygen capacity, epinephrine appeared to 
cause an increase (from 2.2 to 4.7 volumes per 
cent). We observed the same increase in experi- 
ments in which mild reactions to epinephrine were 
elicited and negligible hemoconcentration occurred 
(Nos. 102, 105, and 112). 


However, only renal venous and femoral arter- 
ial blood were compared. According to Dole, et 
al. (23) unexplained differences in the oxygen 
capacity of renal and peripheral blood can be ob- 
served in the dog. Therefore, in later experiments 
samples were drawn simultaneously from the renal 
vein, renal artery, and sometimes from the femoral 
artery. At variance with the assumption of Dole, 
it was found that there was a consistent difference 
between venous and arterial renal hematocrits 
(and oxygen capacities), the former being more 
concentrated. This difference was increased by 
epinephrine and decreased by caffeine (Nos. 116 
and 117). This hemoconcentration cannot be en- 
tirely explained by the amount of excreted urine. 
With a diuresis of 0.5 cc. per minute, the expected 
hemoconcentration would be only 0.5 per cent. 
Even if epinephrine reduces renal blood flow more 
than urine flow, hemoconcentration greater than 
2 or 3 per cent is not likely. Therefore, some loss 


'% Changes in Reno! Hemoconcentration 
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of fluid from the kidney occurs which is not ac- 
counted for except by passage through lympliatic 
or capsular vessels (7) ® or by what is unlikely and 
was not seen, a marked swelling of the kidney 
itself. 

The increase in the hematocrit difference after 
epinephrine indicates that this removal of fluid is 
not dependent on the blood flow but rather on the 
filtration rate. This suggests that lymphatic ves- 
sels might be concerned in the tubular reabsorption 
of fluid. The inverse action of caffeine can best be 

® According to Kaplan, Friedman and Kruger (24) 
renal lymph in the dog is derived from both renal blood 
plasma and tubular reabsorbed fluid. These authors do 
not believe that the flow of lymph is very great. Tech- 
nical difficulties, however, in determining the rate of 
lymph flow would, in our opinion, leave this question still 
open. 


explained by decreased tubular absorption and the 
increased renal blood flow whicli it produces in 
the narcotized dog under operative conditions. 
The fact that the difference in scrum proteins is 
less marked than the difference in hematocrit or 
oxygen capacity is not surprising, since the protein 
content of renal lymph is about one-half that ‘of 
the plasma (25). 

In human subjects the arterio-venous oxygen 
difference was increased except in two (W. G. 
and F. W.), Unfortunately, hematocrits were not 
determined, but total proteins measured in stored 
plasma samples were significantly higher in renal 
venous blood after epinephrine was given. The 
same mechanism as in the dog experiments can be 
tentatively applied to this observation. It should 
be kept in mind, however, that in human beings 


Table in 

Changes in arlcrio-rcnal venous differences in patients after injection of vasoactive drugs 



Drug 

Subject 

and 

dose 


*W. G. cT 0.5 E 

*P. C. cT 0.5 E 
*F. W. $ 0.5 E 

W. D. c? 0.7 E 

D. B. 9 0.5 E 

G. S. 9 0.4 E 

V. R. 9 0.5 E 


Time 

after 

injection 

O.Tj’gen 

content 

FA-RV 

min. 

vol. % 

0 

4.7 

10 

1.8 

33 

0.7 

0 

1.5 

5-8 

3.1 

19-27 

1.6 

0 

1.6 

6-8 

0.3 

16-19 

2.3 

0 

2.1 

4-6 

2.7 

20-21 

2.8 

40 


0 

1.9 

0 


6 

1.6 

12 


26 


0 


0 


0 


5-19 


33 


41 


48 


0 


0 


• 5 


10 


22 


36 


54 



PAH 

content 

P-RV 

PAH 

content 

Extrac- 

tiont 

msm. % 

% 

1.29 

86.0 

0.80 

83.3 

0.71 

84.5 

3.36 

91.0 

2.46 

90.5 

1.22 

1 84.5 

6.95 

79.7 

4.54 

77.7 

3.16 

69.6 

2.61 

89.5 

2.62 

90.0 

2.93 

87.0 

2.95 

83.7 

3.33 

88.8 

3.21 

85.7 

3.61 

87.6 

3.66 

89.0 

3.24 

86.4 

1.88 

44.7 

1.91 

41.1 

1.88 

38.5 

2.21 

42.4 

2.36 

44.0 

2.23 

42.7 

2.26 

42.5 

2.58 

89.0 

2.48 

91.5 

2.77 

92.0 

2.47 

92.0 

2.07 

93.0 

2.53 

92.5 

2.51 

93.5 


Mannitol 

content 

P-RV 

Mannito! 

content 

Extrac- 

tiont 

mem. % 

% 

27 

■ 13.5 

37 

21.4 

27 

18.2 

19 

13.6 

22 

16.9 


9.2 

21.4 

20.1 

31.1 

30.8 

33.0 

33.3 

17.8 

19.1 

31 

26.7 

27 

24.1 

36 

32.5 

23 

21.7 

24.6 

24.1 

11 

9.8 

10 

8.9 

18.5 

16.3 

14.5 

13.0 

11.0 

10.0 

10.5 

9.7 

29 

22.0 

24 

18.7 

39 

31.3 

34 

28.5 

31 

27.3 

31 

27.1 

27.5 

24.4 


Plasma Hemato- 

protclns crit 

RV RV -FA 

sm. % % 

S.6 

6.2 


6.0 

6.2 


-.35 

.65 

.00 


.10 

.00 


Diagnosis 

Diabetes, arterio- 
sclerosis 

Cong, heart dis- 
ease, syphilis 

Hypertension, 

obesity 

Hypertension 

Hypertension 

Hypernephroma 

Hypertension 
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Tadle m — Continued- 


Subject 

Drue 

and 

dose 

Time 
.if ter 
injection 

Oxj'Ken 

content 

FA-KV 

PAH 

content 

P -KV 

PAH 

content 

1 Extrnc- 
tionf 

M.innitol 

content 

P-RV 

Mannitol 

content 

Kxlrac* 

tionf 

Piasma 

proteins 

RV 

Hemato- 

crit 

RV-FA 

Diagnosis 


mtm. 

WIW. 

roi. 7c 

mem. 7o 

% 

mem. % 

% 

cm. % 

7c 


H. D. o’ 

0.7 E 

0 


2.88 

93.3 





Peptic ulcer 



0 


3.08 

93.6 

11 

10.0 






4 


3.44 

92.0 

13 

11.5 






10 


3.59 

90.9 

15 

13.3 






22 


3.59 

92.3 

17 

14.8 






40 


, 4.09 

92.4 

1 





H.T. cf 

0.8 E 

0 


1.34 

95.0 

♦2.18t 

16.2 



Primary syphilis 



0 


1.41 

94.0 

2.56 

20.1 






3.5 

j 

1.76 

94.7 

i 3.07 

25.9 






8 


1.79 

93.2 

! 3.48 

28.8 






24 


2.04 

95.3 

3.08 

27.5 






39 

1 

2.06 

94.5 

3.06 

26.7 




E. C. 9 

O.SH 

0 


4.05 

88.7 

29 

20.8 



Hypertension 



0 


4.02 

88.7 

30 

21.5 





0 


4.08 

87.1 

33 

23.7 

1 





3 


4.14 

87.1 

29.5 

20.9 






10 


4.38 

87.8 

17.5 

11.8 






23 


3.81 

80.2 

10.0 

6.2 






38 


3.88 

81.1 

! 23.0 

1 

14.1 




F. C. o’ 

0.4 H 

0 


2.27 

94.0 

18.9 

18.9 

5.47 


1 Peptic ulcer. 



0 


2.24 

93.8 

16.2 

16.2 

(-0.28)§ 


Parkinsonism 



3 


2.24 

92.7 

1 22.2 

22.7 






9 


2.36 

92.7 

t 17.4 

18.8 






17 


2.27 

91.3 

; 13.1 

14.4 






31 


2.10 

92.6 

! 11.9 

13.3 

! 





45 


2.30 

93.0 

! 14.5 

16.3 




B. C. o’ 

0.5 H 

0 


2.19 

69.8 

14 

11.7 


1 

-.70 

Hypertension 



6 


2.43 

74.3 

16 

13.1 


-.40 



20 


2.19 

70.5 

15 

12.6 


-.30 




24 

i 

2.22 

72.5 

14 

11.9 






42 


2.10 

73.0 

20 

17.4 




A. B. cT 

0.5 H 

0 


3.97 

80.7 

1 21 

15.3 

5.95 


Hypertension 



0 


4.00 

81.0 

18 

13.4 

(0.00) § 


_ 



0 


3.90 

81.2 

23 

16.9 






5 


4.21 

81.8 

! 26 

19.0 






21 


4.29 

80.2 

27 

19.0 






37 


3.84 

77.0 

23.5 

16.9 




*M. P. 9 

P 

0 

1.8 

2.30 

85.8 

20 

15.6 


.30 

Hypertension 



0 


0.59 

100 ? 

16.3 

22.5 





12-14 

2.25 

3.96 

91.5 

28.0 

16.8 






22 


2.68 

89.9 

33.0 

21.7 





indicates sample taken from femoral artery, RV from renal vein and P from either femoral arteiy or anti- 
Diral vein. All drugs except pentothal were given subcutaneously. E = epinephrine; H = histamine; P = pentothal, 

T , these cases one single injection of PAH and mannitol was given except for M. P. who was given two injections, 
tne remainder constant infusions were employed. 

T r — RV 
P • 

||^^™^iosulfate used instead of mannitol. 


emoral and renal venous blood were compared, 
n the dog there may be a discrepancy between fe- 
moral and renal arterial samples. At any rate, 
under control conditions, there were no signifi- 
cant differences between femoral arterial and renal 
venous hematocrits in man 


In the evaluation of renal arterio-venous oxygen 
differences one point must be emphasized. Re- 
duction of blood flow may decrease greatly the 
oxygen content of the venous blood and partial 
shunting may partly compensate for this change. 
For that reason, unless opening of large shunts 
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occurs, these determinations are of less value than 
PAH and mannitol extractions. 

Changes in PAH extractions in dogs were not 
very consistent after epinephrine was given, and 
the I’esults are not conclusive. In one case (No, 
29) it fell to a very low value, but errors in tech- 
nique cannot be excluded. Except for this single 
questionable case, there appeared no changes con- 
sistent with the opening of shunts. The results 
of human experiments are certainly less question- 
able, and due to the standard conditions under 
which the tests were performed, even slight vari- 
ations can be considered significant. It may be 
assumed that partial shunting of the first type was 
produced by epinephrine in case F.W, (Table III), 
as both tlie PAH and the mannitol extractions 
were lower than the control values (11.4 and 
33.3 per cent respectively). In cases P. C. and 
W.D., where the PAH extraction was reduced 
7.1 and 6.7 per cent, the mannitol extraction was 
not affected, so that shunting might have excluded 
mainly the peritubular capillaries (type of shunt- 
ing No. 3). Impairment of tubular excretory ca- 
pacity due to anoxia, however, could account for 
this reduction (26). 

Pentothal anesthesia was without visible effect 
in one case, and histamine may have opened shunts 
of the first type in one (E. C.) and of the third 
type in another (A. B.). At any rate, the greatest 
shunting elicited in one case where the reaction 
to epinephrine was severe, was not much more 
than one-tenth of the total renal blood flow. More- 
over, this phenomenon was observed in a diseased 
kidney where the extraction was low at the be- 
ginning. Although four out of the five patients in 
whom changes occurred had hypertension, our 
findings do not support the hypothesis of Trueta, et 
al. that large shunts may open under physiological 
conditions and be responsible for intermittent cor- 
tical ischemia concerned in hypertensive disease. 
Bradley and Bradley (27) were unable to demon- 
strate appreciable reduction in PAH extraction 
after abdominal compression in eight normal sub- 
jects, although renal blood flow was reduced. 
While a persistently low PAH extraction by dam- 
aged hypertensive kidneys could be produced by 
permanent shunting, tubular impairment and the 
destruction of active parenchyma with subsequent 
replacement by fibrous tissue seems a more likely 
explanation. Shunts of that kind would not have 


any cliologic significance, being the result and not 
the cause of the renal alterations. 

Although these experiments do not disprove 
the presence of arterio-venous by-passes in the kid- 
ney of man and of the dog, tliey do indicate that 
after doses of epinephrine or histamine large 
enough to cause systemic reactions, these vascular 
channels do not consistently appear. When they 
do, they are not very important. In the dog, 
furthermore, they were not demonstrated even 
after large doses of epinephrine. It is still possible 
that such channels may become functional follow- 
ing to.xic doses of drugs, during severe shock, or 
after crushing wounds. Their significance in 
minor physiological alterations in homeostasis is 
therefore questionable. 

SUMMARY AND CONCLUSIONS 

1. Experiments involving determinations of 
PAI'I, mannitol, oxygen content and hematocrit 
in renal venous and peripheral (or renal) arterial 
blood before and after injection of epinephrine, 
histamine or pentothal were performed in eight 
hypertensive and six normotensive patients, and 
in 15 dogs. In patients, renal venous blood was 
collected by catheterization of the right renal vein. 

2. The maximal decrease in the extraction of 
PAH by the kidneys of patients after subcutaneous 
injection of epinephrine or histamine was 11.4 per 
cent; dog experiments were inconclusive. 

3. In two human subjects, arterio-venous oxy- 
gen differences were increased by epinephrine, 
and in three, decreased. 

4. In dogs, there was a consistent difference in 
the oxygen capacity, hematocrit, and plasma pro- 
tein content between renal arterial and renal ve- 
nous blood, the latter being more concentrated. 
This difference was increased by epinephrine. It 
is suggested that this loss of fluid from the renal 
blood may have occurred through renal lymphatic 
vessels or other vascular channels by-passing the 
renal vein. 

5. From these experiments it can be concluded 
that large intermittent renal shunts can not be 
elicited in man by physiological doses, or in dogs 
by larger doses, of epinephrine. Even in subjects 
with essential hypertension, histamine or epineph- 
rine produced relatively small and inconsistent 
changes which could be ascribed to the presence 
of shunts. 
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In a previous investigation it was shown that ar- 
tificial respiration could be effectively administered 
to the cat, dog, monkey and rabbit in the absence 
of spontaneous respiration by electrical stimulation 
of one or both phrenic nerves (1, 2). During the 
development of the applications of the technique, 
an opportunity occurred for testing the method in 
man. A patient with severe chronic, diaphrag- 
matic flutter was operated on for the purpose of 
1) crushing the left phrenic nerve and 2) tem- 
porarily blocking the right phrenic with procaine. 
At the time of operation a single, slender, multiple- 
strand, plastic-covered wire was spirally wound 
around the right phrenic nerve in its exposed por- 
tion and the other end of the lead wire was brought 
out through a simple needle puncture wound about 
2 cm. lateral to the site of incision. The operation 
was performed under local anesthesia. Five hours 
later, electrophrenic respiration was begun. 

The method is described in detail in a previous com- 
munication (2). Briefly, It is the following. An ECG 
plate secured at the wrist functions as an indifferent elec- 
trode for the single stimulating electrode on the phrenic 
nerve. The stimulating current is derived from a Grass 
stimulator set for a frequency of 40/sec. and an impulse 
duration of 2 milliseconds. The current is run through 
a rotating potentiometer which rhythmically varies the 
voltage in such a way as to cause the diaphragm to per- 
form a gradual contraction and relaxation similar to that 
which it performs during spontaneous breathing. 

Air flow patterns were obtained with the pneumo- 
tachograph developed by Silverman (3) and Silverman 
and Whittenberger (4). From the pneumotachogram one 
is able to derive information related not only to the rate 
and contour of the respiratory pattern but also precise 
values for the patient’s ventilation volume. The level of 
arterial oxygen saturation was observed throughout the 
period of phrenic nerve stimulation by means of the 
Millikan oximeter (S). 

The experiments on this patient were designed 
to achieve five objectives : 

1. To ascertain whether electrophrenic respira- 
tion could maintain minute volumes equal to or 

1 Aided by a grant from The National Foundation for 
Infantile Paralysis. 


greater than the spontaneous resting minute vol- 
ume with submaximal stimulation of one phrenic 
nerve. 

2. To ascertain the case with which a smooth 
diaphragmatic motion can be obtained in man, 

3. To find out if the unanesthetized patient 
would cease spontaneous respiratory activity when 
adequate aeration was supplied by means of phrenic 
stimulation (as was previously found to be the 
case in the experimental animal under anesthesia), 

4. To estimate the amount of pain or discomfort 
produced by effective electrical stimulation of the 
phrenic nerve. 

5. To ascertain whether adequate arterial oxy- 
gen saturation could be maintained with the sulb- 
maximal stimulation of one phrenic nerve. 

RESULTS 

1. Figure 1 shows the pntumotachograms of 
A) spontaneous respiration and B) electrophrenic 
respiration. Table I compares values obtained 


TABLE I 

Respiratory measurements during spontaneous breathing 
and electrophrenic respiration 



Spon- 

taneous 

respira- 

tion 

Elcctro- 

plirenic 

respira- 

tion 

Rate per minute 

26.6 

23.3 

Minute volume in liters 

5.18 

7.52 

Tidal volume in liters 

0.195 

0.323 

Average flow rate during inspiration, in 
liters per minute 

12.0 

15.9 

Ratio of time of inspiration to time of total 
respiratory cycle, in per cent 

43.1 

47.3 


during spontaneous respiration and electrophrenic 
respiration for respiratory rate, minute and tidal 
volumes, average flow rate during inspiration, and 
the fraction of the respiratory cycle taken by the 
inspiratory phase. These results were obtained at 
a rate of artificial respiration slightly slower than 
the patient’s spontaneous rate and with submaxi- 
mal stimulation of one phrenic nerve. It can be 
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seen that an c.xcliangc of air significantly larger the right diaphragm resulting from phrenic nerve 

than the jiaticnt’s spontaneous c.xchangc is readily stimulation closely resembled that seen during 

achieved at a slower than the spontaneous rate, spontaneous respiration. 

A still larger c,\changc of air resulted from maxi- 3. It was apparent from simple observation of 
inal stimulation. It was established in this patient, the patient that during artificial respiration there 

as in the experimental animal, that the depth of was no respiratory effort other than that of the 

respiration is proportional to the peak voltage ap- right diaphragm, which resulted from electrical 

plied. The regularity of the tracing in Figure IB stimulation. In order to obtain graphic evidence 

indicates that the patient was not contributing to of this fact, two additional maneuvers were carried 

the respiratory effort. This phenomenon will be out. Figure 2 is a pneumotachogram of spontane- 

discussed later. ous respiration interrupted by the onset of elec 

2. It is apparent from Figure IB that the dia- trical artificial respiration. There is no evidenc* 

phragmatic contraction jiroduced by electrical stim- that spontaneous respiratory activity occurred afte; 

ulation of the phrenic nerve in this patient was a phrenic nerve stimulation had been started. Spoir 

smooth motion. (The minor irregularities during taneous activity would be evident as irregularitie. 

diaphragmatic relaxation in the record are due to in the pattern. , The reverse sequence was em 

the diaphragmatic flutter.) A smooth inspiratory ployed to find out whether, upon abruptl)' termi 

curve was, in fact, predicted from the theoretical nating artificial respiration, the lack of spontane 

basis on which electrophrenic respiration is based ; ous respiratory activity would be apparent fron 

namely, that increasingly forceful contraction of the lack of air flow as registered on the pneumo- 

the diaphragm results from the spread of current tachogram. Figure 3 is the result. Artificia 

to include more and more fibers of the phrenic respiration was stopped at the signal and it can bf 

ner\^e as the voltage is increased. Since the phrenic seen that no respiratory activity was present unti 

nerve in man is a single trunk and is considerably the apnea had persisted for over 16 r.ef'ondSi 

larger than that of the experimental animal, a Breathing then returned with a gradual increase it 

graded voltage spread is more easily and smoothly amplitude until it regained its pre-stimulus con- 

obtained. As observed visually, the movement of tours. This interesting obserA'ation, narnely, thaj 
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Fig. 2. Pneumotaciioguam oe SroxTANEOUs Respiration Interrupted bv the Onset of Electro 

PHRENIC Respiration 

Phrenic nerve stimulation was started at tlic signal. The two strips are continuous. 



Fig. 3. Apnea Induced by Electrophrenic Respiration 

The patient was on artificial respiration at the start of this pneumotachogram. At the signal, phrenic 
stimulation was discontinued and the tracing shows the absence of spontaneous respiiatory effort during 
Lhe period immediately following cessation of artificial respirat'"" 
the diaphragmatic flutter. The three strips are continuous. 
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the individual coinplelely relinquishes spontane- 
ous control of resiiiration while on electrophrcnic 
respiration, is not yet fully c.xplained. Animal ex- 
periments in which blood gas tensions were ob- 
served indicate that the prompt cessation of spon- 
taneous respiration is not due to a fall in carbon 
dioxide brought about by ovcrventilation. The 
neural pathways involved in this phenomenon are 
being investigated. 

4 . The evaluation of pain in this patient was not 
easy. During phrenic nerve stimulation the pa- 
tient experienced discomfort referred to the right 
shoulder along the ridge of the trapezius muscle. 
This information was obtained only on direct ques- 
tioning, was never volunteered. The patient did 
not appear to be in pain and fell asleep several 
times during the longer periods of artificial respira- 
tion. Conclusions as to the degree and importance 
of the intensit}' of the discomfort produced will 
have to be deferred until a variety of patients have 
been studied. 

5. It was thought, prior to our experience with 
this patient, that the relatively stable mediastinum 
of the human subject might prevent the adequate 
aeration of the contralateral lung when only one 
phrenic nerve was stimulated, even though reason- 
able respiratory minute volumes were achieved. 
In order to obtain evidence in this matter, arterial 
oxygen saturation (by the oximeter method) was 
observed during spontaneous respiration and dur- 
ing artificial respiration in the absence of spon- 



Fig. 4. Effect of Electrophrenic Respiration on 
Arterial Oxygen Saturation in the Absence of 


Spontaneous Respir 


IRAT9RY Activity 

The patient breatly;fsl,!^^\- 'hrpughout. 


\ 






taneous respiratory activity. Figure 4 shows the 
results. It is clear that a small but definite rise 
in arterial saturation occurred within 60 seconds of 
the onset of elcctrophrenic respiration. A rise of 1 
per cent in saturation at the upper range of the 
oxyhemoglobin dissociation curve indicates a rise 
of 10 mm. Hg or more in the mean effective al- 
veolar partial pressure of oxygen. This signifies 
an improvement in lung ventilation out of propor- 
tion to a 1 per cent rise in oxygen saturation. 
The oximeter was calibrated by having the pa- 
tient inhale 99.6 per cent oxygen. 

Artificial respiration by phrenic nerve stimula- 
tion was induced in this patient for several periods" 
varying in length from five to 76 minutes on two 
occasions during the five days following electrode 
application. The procedure apparently resulted 
in no functional damage to the nerve, since fluoro- 
scopic examination of spontaneous diaphragmatic 
activity on the day of electrode removal revealed 
excursions equal in amplitude to those observed 
before the experiment. 



1. Artificial respiration by phrenic nerve stimu 
lation can be performed in man. 

2. A smooth, gradual, diaphragmatic contra 
tion occurs when an increasing voltage is applii 
to the phrenic nerve. The diaphragm thus j; 
forms a motion closely resembling that whicl 
performs during natural inspiration. 

3. Respiratory minute volumes in excess of 
patient’s spontaneous minute volumes can reat 
be obtained with the submaximal stimulatiolr 
one phrenic nerve. 

4. The depth of respiration is proportional 
the peak voltage applied to the phrenic nerve 
man as in the experimental animal. 

5. Adequate oxygenation of the blood can 
maintained by elcctrophrenic respiration in 
absence of spontaneous respiration. 

6. The human subject, like the experimer 
animal, completely relinquishes spontaneous ci 
trol of respiration when elcctrophrenic respirat 
is induced. 
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INTRODUCTION 

The use of the foreign gas, helium, for determi- 
nation of the pulmonary capacity has bten reported 
previously in preliminary form (1). The present 
report concerns further experience with this 
method and comparison of results obtained with 
results by the Christie method (2) and by the 
Lassen, Coumand, and Richards modification of 
the Christie method (3, 4) in normal and emphy- 
sematous subjects. 

Foreign gas methods for measurement of the 
residual air or mid-capacity are not new. Van 
Slyke and Binger (5) employed hydrogen for this 
purpose. These authors emphasized the danger of 
explosion with, hydrogen-oxygen mixtures and of 
occasional contamination of hydrogen with arsine. 
Oxygen dilution methods, especially the method of 
Christie (2), displaced the foreign gas method, 
^ssen, Cournand, and Richards (3, 4) noted an 
Oxygen Storage Effect” which they believed in- 
troduced errors in the determination of pulmonary 
capacity by Christie’s method especially in patients 
with large mid-capacities. To correct this error, 
they modified the calculation by Christie's method 
to allow for observed differences in the concen- 
tration of nitrogen between the alveolar air and the 
spirometer circuit at the end of the rebreathing pe- 
riod. McMichael in England (6) modified the 
Christie method by matching the oxygen consump- 
tion of the subject with a controlled inflow of oxy- 
gen so that the total volume of the lung and the 
spirometer circuit remained constant throughout 
the rebreathing period. He proved this altera- 
tion abolished the "Oxygen Storage Effect.” 

More recently, McMichael (7) reintroduced the 
foreign gas principle employing hydrogen and the 

.. ^ laboratory was organized under a grant from 
"ommomvealth Fund. 


warm wire thermal conductivity katharometer for 
the analysis. He continued the constant volume 
feature of his earlier method. The use of a foreign 
gas with a thermal conductivity quite different 
from that of oxygen and nitrogen greatly facilitated 
the determination because it eliminated the sepa- 
rate gas analysis at the end of the rebreathing pe- 
riod. The analysis is continuous with the katha- 
rometer and the final concentration is read directly 
from a meter. 

Helium, with a thermal conductivity hardly dif- ^ 
ferent from that of hydrogen (Table I), elimi- 
nates the danger of hydrogen-air mixtures (which 
are less now than when first emphasized by 
Binger and Van Slyke) without sacrifice of the 
merit of McMichael’s method. Since publication 
of our preliminary article, Behnke (8) has men- 
tioned a method employing helium for the determi- 
nation of the pulmonary capacity by a "washing 
out” procedure, which is not related to the method 
here described except in that helium is used. It 
is more closely related to the “open” method of 
Cournand and Richards (9, 10) . 

APPARATUS AND PROCEDURE 

The spirometer circuit is diagrammed in Figure 
1. The seven-liter cylindrical spirometer with ob- 
literated internal dead space writes the respiratory 
tracing on a kymograph drum. The volume of the 
spirometer may be read from the scale and pointer 
and, by transfer, from the respiratory tracing itself. 
The subject is connected to the circuit through a 
rubber mouthpiece on a three-way valve. The ex- 
pired air passes vertically through a soda-lime 
canister for most efficient absorption of carbon di- 
oxide. Oxygen may be added at any desired rate 
through the diaphragm type flow control and meter 
on a tank of "medical” oxygen. A blower im.pe1s 
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Fig. I. Spirometer Circuit for Determination of the Volume of the Lung 

Using Helium 


he expired air through the water bottle which 
:ontains many glass beads to break up the bubbles, 
•esaturate the gas mixture, and prevent disagree- 
ible bumping due to large bubbles. Provision is 
made for the introduction of helium at the spirom- 
eter outlet. Part of the return flow shunts through 
the analytical cell and returns via the cell outlet 
to rejoin the return stream. The pressure differ- 
ences in different segments of the circuit are small : 
slight negative pressure obtains between the soda- 
lime and blower, and positive pressure elsewhere. 
The soda-lime and the water bottle isolate the 
blower to a degree, preventing vibration of the air 

column at the mouthpiece. 

The dead space of the circuit was determined by 
rinsing with air, emptying the spirometer, adding 
a volume of oxygen and mixing with the blower. 
The final concentration of nitrogen of the dead 
space air plus added oxygen was determined on 
the Van Slyke manometric apparatus and the vol- 
ume corrected for temperature and barometric 
pressure. Care must be taken to keep the dead 
space constant by maintaining the water levels in 
the spirometer and the water bottle. 

The oxygen inflow is adjusted to match the oxy- 
gen consumption of the subject by taking a short 
preliminary respiratory tracing, an \senng e 
waive appropriately. This period also 


the subject to rebreathing. Complemental and re- 
serve volume can be recorded at this time. Any 
desired volume of helium may be measured in the 
graduate and delivered into the spirometer by di- 
recting the flow with the stopcock at the spirometer 
base into the spirometer and opening the -water 
reservoir valve. Observations indicated that dif- 
ferences in temperature between the graduated 
cylinder and the spirometer introduced an error of 
less than 0.5 ml. in measurement of the helium 
added. Since this volume was ordinarily 700 ml., 
this is a negligible error. 

The analytical cell ® is similar to those used for 
airplane engine exhaust gas analysis (Figure 2). 
Complete saturation of the gas mixture is assured 
by a wet cotton filler in the cell antechamber. 
When the current through the bridge is maintained 
constant, and only one component of the gas mix- 
ture varies, the indicating meter may be calibrated 
to indicate the concentration of the gas. For ordi- 
nary use, dry cell batteries furnish a suitable cur- 


= Cambridge Instrument Co., New York, N. Y. The 
design of this cell is such that all four chambers are 
maintained at the same temperature and the chambers 
containing the standard gas are at atmospheric pressure. 
The chambers containing the gas to be measured are at 
the pressure which obtains in the spirometer circuit which 
is also atmospheric. Gas enters the cells by diffusion, 

fV»f<c #»1tmmnftnfr #»rrArc fn - 
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Fig. 2. Diagrammatic Circuit of the Katharometer 
Cell 


rent source. For the extensive studies reported 
here, the apparatus was in virtually continuous use 
and a current-controlled power pack was developed 
which proved more satisfactory. The circuit of the 
analytical cell and power pack are shown in Fig- 
ures 2 and 3. With a suitable switching circuit 
the same meter may readily he used to read the 
current applied to the bridge as well as the deflec- 
tions due to imbalance of the bridge. 

The analytical cell was calibrated over a range 
of 0 to IS per cent of helium by adding measured 
amounts of helium from the graduated cylinder to 
measured volumes of air in the spirometer circuit. 



Fig. 3. Circuit of the Current Control Power Pack 


Observations during this process, made with the 
Tvet and dry bulb thermometers, indicated that un- 
less the water bottle was in the circuit, the satura- 
tion of the circulating gas mixtures with water 
vapor might fall to 70 or even 50 per cent due to 
the drying action of the soda-lime. The analytical 
cell is sensitive to variations in water vapor as to 
any other gas and thus, for calibration and check- 
ing at least, the water bottle is necessary. The 
water bottle also helps prevent heating due to the 
blower. Calibration by this means is only absolute 
if the helium is pure, and in this case, 1.8 per cent 



Fig. 4. Graph for Correction of Meter Reading for Changes in 
Oxygen Concentration 
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of “other gases” unspecified were said to be pres- 
ent in the helium,^ There were no means at our 
disposal to investigate this point more fully, but 
error is not introduced because the analytical ap- 
paratus is used in the same manner as it is cali- 
brated, and the major concern is with observed, not 
absolute values. Thus 700 ml. from such a supply 
contains 687.4 ml. of helium. 

It proved impossible to match the oxygen con- 
sumption of the subject perfectly in every in- 
stance and variation in oxygen concentration 
within the circuit from the beginning to the end 
of the rebreathing period introduced a small but 
detectable error, which unfortunately varied de- 
pending upon the concentration of helium. There- 
fore the cell was further calibrated for variation 
due to oxygen concentration over the range of 
variation of helium used. This calibration was ex- 
pressed graphically (Figure 4). A meter correc- 
tion was obtained by entering this graph with the 
observed change in oxygen determined from spi- 
rometer circuit volume changes and the volume 
(X 4- B) obtained as described below. 

ANALYTICAL ERROR 

The accuracy of the helium analyzer was investi- 
gated. This cannot be done by the same means as 
as that used in calibration because, in this case, 
there is error in the preparation of the gas mix- 
ture due to error in measuring the air in the spi- 
cind error in the measuiement of the he- 
lium added to the spirometer as well. Accuracy 
in calibration depends upon averaging a number 
of determinations over the whole range. To test 
the reproducibility of the helium analyzer a tank of 

TABLE I 


THERMAL CONDUCTIVITY OF SEVERAL CASES 

(CALORIES PER SECOND PER SQUARE CENTIMETER FOR A 

THICKNESS OF ONE CENTIMER AND A TEMPERATURE 
THICKNESS OP CENTIGRADE.) 


AIR 

. . . . 

. 5.68 x 10*5 

nitrogen ....... 


. 5.24 

OXYGEN 


. . 5.63 

CARBON DIOXIDE . . 

, . . . 

. . 3.07 

hydrogen 

. . . - 

. 36.9 

helium 


. 3 3.9 


3 Ohio Chemical Company, “Medical helium.' 


TABLE 3X 

REPEATED. ANALYSES ON THE SAME TANK OF A 
HELIUM AIR MIXTURE 


DATE 

HELIUM IN 



VOLUME 

SEPT. 

. 22 

1 0. I 3 

OCT. 

20 

1 0. 1 6 

OCT. 

22 

1 0. M 

OCT. 

23 • 

1 0 . 1 e 

OCT. 

25 

1 0. t 6 

OCT. 

27 

10. li 

OCT. 

28 

10.30 

OCT. 

29 

10. 10 

NOV. 

1 

1 0.07 

NOV. 

3 

10. 10 

NOV. 

A 

to. 05 

NOV. 

5 

1 0.25 


MEAN 10.15 VOL . % 

‘STANDARD DEVIATION +.07 VOL. % 

STANDARD DEVIATION MULTIPLIED BY T FOR Nsll AT THE 95 % 
POINT +0.15 VOLS. %. 

approximately 10 per cent helium in air was ob- 
tained.'* This mixture of constant composition was 
bubbled through water several times and then al- 
lowed to flow through the analytical cell which was 
disconnected from the spirometer circuit for this 
purpose. The procedure was repeated over a pe- 
riod of several months and the obseiwed concen- 
trations determined with the cell were analyzed 
statistically (Table II). The mean of these ob- 
servations which was taken as the “true” concen- 
tration of helium in the tank of gas was 10.15 vol- 
umes per cent helium with a standard deviation of 
±0.071 volumes per cent. Then the analytical 
“error” in 95 per cent of cases would be less than 
±0.15 volumes per cent or 1.5 per cent (11). 

This error was compared with the standard er- 
ror of the analysis for nitrogen in spirometer mix- 
ture and alveolar air samples by statistical analysis 
of 103 serial pairs of duplicate analyses for ni- 
trogen made on the Van Slyke manometric ap- 
paratus during this study. One-half of the differ- 
ence between duplicates was taken as the deviation 
from “truth.” The standard error was ±0.103 
volumes per cent. There was no correlation be- 
tween the magnitude of the error and the concen- 
tration of nitrogen. At 80 per cent nitrogen, 95 

^ Ohio Chemical Company.' 
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per cent of “errors” would lie between :±: 0.26 per 
cent and at 50 per cent nitrogen between :±: 0.42 
per cent. Thus the analysis for helium by the 
katbarometcr carries more error than the analysis 
for nitrogen in the Van Slyke manomctric ap- 
paratus, when compared by this method. 

MIXING TIME 

We investigated the rate at which equilibrium 
is attained in rebreathing a helium mixture by ob- 
serving the concentration of helium indicated by 
the meter at one-minute intervals after turning the 
subject into the spirometer circuit containing 
5,500 ml, of 12.5 per cent helium in air while 


keeping the volume constant by adding oxygen at 
the rate of the subject’s oxygen consumption. In 
these observations, no allowance was made for lag 
in the meter which does occur because diffusion 
must take place from the meter antechamber into 
the cells in the analyzer block. The results of this 
investigation are shown in Figure 5. At the end of 
seven minutes equilibrium has been reached in the 
group with mid-capacities such that lung plus 
spirometer volume is less than 8 liters. When this 
volume is larger, there is a notable difference be- 
tween the six- and the seven-minute concentrations 
of helium. When the final lung plus spirometer 
volume equals 9 or 10 liters, the concentration of 



Fic. 5. Concentration of Heuum at Intervals of One Minute poring 
Rebreathing a 12.S Per Cent Mixture of Helium in Air 
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helium appears still to be falling at a rate of ap- 
proximately 0.1 per cent of helium per minute. 
From these observations we might conclude there 
is an error due to incomplete mixing of helium in 
the lung in those subjects with large mid-capacities. 
However, for practical purposes this is not the 
case. Comparison was made of seven-minute and 
ten-minute runs in determining the mid-capacity 
and there is no important or consistent difference 
(Table III). McMichael (7) read tbe hydrogen 
concentration when the "concentration no longer 
fell" but in some of our normal subjects there was 
often a small but detectable change in meter deflec- 
tion, even after 30 minutes of rebreathing. Other 
factors, especially leaks, begin to be important in 
prolonged periods of rebreathing. Spirometer cir- 
cuits are, after all, only relatively gas-tight, and 
helium has a very marked tendency to escape, due 
to- its low viscosity and other physical properties. 
Extra precautions against leakage are especially 
important when using helium. All joints in our 


TADLE HI 


'miocapacity: 

7 minute mixing period compared with 

MIXING PERIOD IN THE SAME SUOJECT. 

to MINUTE 

SUOJCCT 

DIAGNOSIS 

7 MIN, 

10 MIN. 

10 MIN > 7 MIN.. 

W, L. 

NORMAL 

2.1 3 

2.20 

to 07 

J. c. 

NORMAL 

2.S7 

2.64 

to 07 

J. ft. 

normal 

1.53 

1.50 

-0 05 

A. H. 

arthritic 

3.00 

3.17 

to 0 7 

C. 5. 

MILD CMRHYSCMA 

1.93 

1.90 

t-0 05 

A. D. 

MARKED EMPHYSEMA 

3.10 

s.n 

♦ 0 01 


equipment were closely fitted and sealed with 
Glyptal.'^ 

The relation of the data presented in Figure 5 
to the pulmonary emptying rate data of Cournand, 
Baldwin, Darling, and Richards (10) is obvious. 
It should be remembered, however, that the he- 
lium meter reading lags behind the actual concen- 
tration changes in the spirometer circuit gases and 
that these in turn are doubtless different from 

® General Electric Company. 
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alveolar helium concentration changes. Despite 
this, since conditions affecting this relation are rel- 
atively constant, much the same conclusions may 
be drawn from these curves as from the much more 
laborious pulmonary emptying rate procedure. 

REPRODUCIBILITY 

Table IV exhibits 22 pairs of determinations in 
normal subjects and 13 pairs in emphysematous pa- 
tients. The difference between duplicates can be 
used to assess reproducibility of a method (ll). 
The “error” is zt 0.084 liters in normals and ^ 
0.119 liters in emphysematous patients. When 
these are corrected for sample size (11) it is found 
that the “standard error” of a single determination 
will be less than =t= 0.174 liters in normals and less 
than dt 0.258 liters in emphysematous patients in 
95 per cent of cases. Consequently, the error of 
the mean of a pair of duplicates will be dz 0.123 
liters and zt 0.182 liters in normal subjects and 
emphysematous subjects, respectively, in 95 per 
cent of cases. 

Reproducibility of the method from day to day 
may be assessed from Table V. The mid-capacity 
determined in duplicate on different occasions 
shows deviations of approximately the order of 
magnitude to be expected from the analysis in the 
preceding paragraph. “Error” in terms of per 


table tz 


DUPLICATE LUNG VOLUME DETERMINATIONS WITH HELIUM 


FIRST 

SECOND 

oirrcRCNCE 

FIRST 

SECOND 

OIFFERENCC 

1.90 

1.99 

-.09 

2.98 

2.97 

4.01 

1.70 

1.79 

-.09 

6.23 

6.13 

4, 12 

I.S9 

1.40 

♦ .IS 

1.62 

i.ei 

4.01 

1.0 1 

1.76 

4.05 

2.06 

2.13 

-.07 

I.S6 

1.61 

-.05 

2.66 

2.58 

-.02 

1.69 

1.74 

4.15 

1.62 

1.71 

-.09 

2.69 

2.43 

4.12 

3.29 

3.31 

-.02 

2.26 

2.66 

-.37 

1.6 1 

1.71 

-.20 

2.26 

2.16 

4.08 

1.9 1 

1.91 

0 

2.26 

2.23 

0 

1.90 

1.63 

4.07 

2. 1 $ 

2. 16 

4.0 1 

1.89 

1.88 

4.01 



STANDARD ERROR 

i 0 084 




PATIENTS WITH PULMONARY EMPHYSEMA 


riRST 

SECOND 

DIFFERCNCE 

FIRST 

SECOND 

difference 

1.93 

1.94 

-.01 

3 8t 

3.60 

4.01 

3.26 

2.94 

4.32 

3 89 

3.97 

-.08 

2.96 

2.7 1 

4.25 

4. 13 

3.98 

4. 19 

3.0 4 

2.77 

4.27 

4.02 

3.87 

4. 15 

3. 1 7 

2.90 

4.27 

3.66 

3.67 

-.01 

2.42 

2.42 

0 

3.90 

3.97 

-.07 

2.9 1 

2.46 

4.06 






STANDARD ERROR 

+0. 1 1 9 




cent for the helium method appears to be less than 
zt6 per cent in 95 per cent of cases when the 
mean of duplicate determinations is used, whether 
the subjects are normal or emphysematous. 

COMPARISON WITH OTHER METHODS: 

PROCEDURE 

The Christie procedure (2) and the modified 
Christie method of Lassen, Coumand and Richards 


TABLE 

REPEATED DETERMINATIONS WITH HELIUM ON DIFFERENT DAYS 



DATE 

MID-CAPACITY, LITERS 

DEVIATION FROM MEAN 

T.A. FEMALE 

NOV. 2 2 

1.94 

40.095 

-NORMAL 

OEC. 27 

1.75 

-0.095 

J.A. MALE 

OEC. 21 

1 .50 

-0.145 

NORMAL 

OEC. 26 

1 .79 

40.145 

C.M. MALE 

NOV. a 

1 .61 

-0. 10 

NORMAL 

APRIL 23 

1.81 

40.10 

E.M. FEMALE 

MAY 16 

2.46 

-0.015 

normal 

MAY 19 

2.49 

40.015 

B.M. MALE 

SEPT. 1 

2. 19 

-0.0 J 

NORMAL 

SEPT. 2 

2.25 

40.05 


SEPT. 7 

2.16 

-0.04 

VIL. male 

DEC. 4 

2.06 

-0.035 

NORMAL 

OEC. a 

2.13 

40.035 

E.H. MALE 

NOV. 18 

2.97 

-0. 1 1 

NORMAL (ARTHRITIC) 

DEC. 10 

3.19 

40. 1 I 

A.B. FEMALE 

OEC. 17 

3.26 

40. (6 

marked emphysema 

DEC. 21 

2.94 

-0.16 

W.D. male 

APRIL 15 

2.90 

-0.02 

emphysema 

APRILI6 

2.83 

-0.09 


APfllL2l 

3.03 

40.1 1 
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(3, 4) were carried out in the usual way. After 
these determinations were complete, the subject 
rested while the oxygen flow valve was adjusted 
to allow an inflow of oxygen into the spirometer 
circuit equal to his observed oxygen consumption. 
Turning off the stopcock between the oxygen tank 
flow control and the spirometer circuit (see Fig- 
ure 1) stops the oxygen flow without disturbing 
the flow rate setting. The spirometer circuit was 
again well rinsed with room air, and the helium 
meter turned on. With the current through the 
Ijridgc set at the standard value, the meter was ad- 
justed to indicate zero with the balancing resistance 
on the cell (Figure 2). The spirometer circuit 
was brought to a volume of 4,800 ml. with air, 
and 700 ml. of helium were added from the gradu- 
ated cylinder. Two hundred ml. of ox 3 'gen were 
then added to bring the oxygen concentration back 
to that of room air. As the blower mixed these 
gases, the helium meter deflected to indicate a con- 
centration of 12.5 per cent helium, confirming the 
proper functioning of this instrument. Now the 
subject was allowed to rebreathe for seven min- 
utes. Oxygen flow into the circuit at the previ- 
ously determined rate was started simultaneously 
with turning the valve directing the subject into the 
spirometer circuit. At the end of rebreathing, the 
subject was turned back to room air and the oxy- 
gen flow stopped simultaneously. The subject was 
disconnected; the temperature was recorded. A 
few moments were allowed for absorption of car- 
bon dioxide while circulation by the blower con- 
tinued. Then the final meter reading was re- 
corded. The relation of the initial and final lines 


where MC = mid-capacity. 

D = volume of dead space in ml. 

O = volume of Oj in ml. added originally minus Oj 
absorbed. 

N = per cent concentration of nitrogen in spirom- 
eter at end divided by 100. 

C = correction for nitrogen in the oxygen added 
originally for respiratory quotient and for 
nitrogen excreted from the body during 
rebreathing. 

The modification of Lassen, Cournand and Richards was 
calculated from this equation: 

MC = + 0) - (0.791D -f C) 

S - p 

where a = per cent nitrogen concentration in alveolar air 
before rebreathing divided by 100. 
p = per cent nitrogen concentration in alveolar air 
after rebreathing divided by 100. 

Calculation of the mid-capacity by helium required first 
that the meter reading be corrected for gain or loss of 
oxygen observed in the rcspirator>' reading (Figure 4). 
With this corrected value the following equation could be 
used although graphic methods were actually employed in 
practice: 

MC = _ Qv 

CHe 

where: SV = spirometer circuit volume, i.c., dead space 
plus spirometer bell volume at expiration. 
QHe = ml. helium added before rebreathing. 

CHe = final helium per cent concentration divided 
by 100. This concentration can be ob- 
tained from calibration graph entered with 
the meter reading corrected for changes in 
Oi concentration (Figure 6). 

Since 0.700 liters of tank gas containing 0.6874 liters of 
He are always added, the numerator of the above fraction 
is fixed. 

All these mid-capacities must be corrected for tempera- 
ture, water vapor, and barometric pressure. For this the 
customary equation was used: 


on the kymograph tracing to the spirometer scale 
were recorded. These then constitute a record of 
the volume changes of the bell. This whole pro- 
cedure was repeated after a suitable rest period. 

Finally, the subject was again connected to the 
spirometer circuit, and while the kymograph re- 
corded the respiratory tracing, the subject made 
several maximal expirations with periods of quiet 
breathing between, then several maximal inspira- 
tions. From this tracing the complemental air 
and reserve air were measured. 


Calculations and corrections 
The mid-capacity by the original Christie method was 
calculated from the equation: 



MC cor. = MC obs. X ~ x " ^7) 

(760 - 45) ^ (273 - T) 

where MC cor. = mid-capacity corrected for temperature 
and barometric pressure. 

MCobs. = mid-capacity observed. 

T = final spirometer temperature in degrees 

Pt = partial pressure of water vapor in mm. 
of Hg for T. 

-45 = partial pressure of water vapor at body 
temperature 37° C. 

In actual practice graphic methods as introduced by 
McMichael (6) were used. Figure 6 is a composite graph 
of the relation between the meter reading, the concentra- 
tion of helium, and the volume in which 0.6874 liters of 
helium must be distributed if the concentration is as indi 
cated. The upper horizontal line of the graph was entered' 
with the meter reading and a perpendicular dropped from 
this reading to the helium concentration line. From th’ 
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have no objective proof of the absorption of helium, 
although we know from purely physical consider- 
ations that some must take place. 

It may be observed that differences between the 
original Christie and the corrected Christie, while 
fairly consistent in the normal subjects, are not 
at all so in those patients with emphysema, al- 
though according to the “oxygen storage” concept 
the difference should be more marked in this 
group. The original method gives values in nor- 
mals consistently higher by about 1/10 liter. 
However, in the emphysematous patients no such 
consistency is observed and indeed the mean dif- 
ference is in the opposite direction. The explana- 
tion of this inconsistency in the emphysematous 
patients is found in the variable relation of their 
initial and final alveolar air samples to outside air 
and to final spirometer nitrogen, respectively. It 
was our opinion that the corrected mid-capacity 
did not offer any advantage over the original 
method in pathological subjects despite the theo- 
retical advantages described for it. In a personal 
communication the authors of the corrected method 
informed us that they now prefer their open 
method (9). 

CONCLUSIONS 

The principal advantage of this method of de- 
termining mid-capacity is the speed rvith which de- 
terminations may he carried out, together with evi- 
dence indicating a higher degree of reproducibilitv. 
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The method has been employed in the Cardio- 
Respiratory Laboratory of the University of Roch- 
ester for several years with very satisfactory re- 
sults. The determination of mid-capacity is grow- 
ing in clinical recognition, particularly in relation 
to the diagnosis of pulmonary emphysema. The 
facility witli wliicli the determination can be made 
will make possible broader application of this val- 
uable test. It is evident that a number of steps 
might well be taken to simplify and further im- 
prove the method described. Particular attention 
ought to be devoted to reduction of spirometer 
circuit volume and increases in accuracy might be 
secured by employing higher concentrations of 
helium. 

SUMMARY 

1. A full description of a new method for the de- 
termination of the volume of the lung has been 
presented. 

2. Graphic methods were employed for rapid 
solution of the calculations involved. 

3. Data are presented to permit critical evalua- 
tion of the method as to reproducibility and as to 
comparison with two other methods. 

4. The rapidity and accuracy of this new method 
recommend it for clinical application. 
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AFKAHAM 


\vniTK.< JULIUS a farker,- an-p frank block 

EL'.JiV.j/ Pifision, HospUol, Nai’ York Ctiy) 


i Rrccivcti for piihlicntion Aiinust 13, 19(8) 


'i’hc liscrnturc on nlcnptomiri.i has i)ccn well 
5i!tn;n.nrirc(i 

Pn<chkiX t‘l t'l, (7) rciKJricd that thtntiracil and 
para-ajninohcnroic acid itdiildlcd tlic in vitro con- 
ver.-^iorj of (vrosinc to niclanin by tryrosinasc, and 
W’nitc (S) fonnd that thionracil inhibited nicia- 
mnia. Lerner and associates (9) noted that the 
tyrosinase of mouse melanoma is a copper protein 
whose activity can be inhibited by the addition of 
substances whicli combine witii copper (phenyl- 
thiourea and others) and tlien restored by the ad- 
dition of an excess of copper. Since liomogentisic 
acid is an oxidative product of tyrosine, it seemed 
worthwhile to detcnninc whether the production 


of liomogentisic acid could be inhibited by thioura- 
cil and para-aminobenzoic acid. When 3, 5, di- 
iodotyrosinc is fed to rabbits, about 60% (Ros- 
ter and Gutman [ 10] ) is excreted as 3, 5, di-iodo- 
4 -hydroxvplicnyllactic acid. It, therefore, oc- 
curred to us that, since the number 5 carbon on the 
benzene ring is blocked by iodine, the alcaptonuric 
patient would not be able to utilize di-iodotyrosme 
as he would 1-tyrosine to form liomogentisic acid 
(2, 5, dihydroxyphenylacetic acid)." 

Soderbergh (12) obserA'cd that the daily admin- 
istration of 3.0 gm. of potassium iodide to an al- 
captonuric decreased the urinary ex^eUon o 
hoLgentisic acid by 2.0 gm. per day. This com- 
pound was administered to our patient m an at- 
tempt to influence similarly the excretion of 

liomogentisic acid. 


experimental 


lion of tlic c.irs 25 yc.nrs .ago, at which time it was ob- 
served that his urine became black on standing:. Stiffness 
of almost ail tiic joints occurred five years later. 

Extensive laboratory examinations were essentially nor- 
mal except for a blood uric acid of 6.8 mgm.% and the 
jircscnce of liomogentisic acid in the urine. The sero- 
logical reactions for syphilis were negative. 

Roentgenologic examinations were reported as fol- 
lows. Spine : Marked hypertrophic changes were pres- 
ent. The intcn'crtcbral discs showed calcification, espe- 
cially in the lumbar region. Pelvis: The right hip space 
was considerably narrowed and there was cburn<ation of 
the contiguous portions of the joint. Knees: There was 
calcific.ation of the quadriceps tendons bilaterally. Hyper- 
trophic changes were seen in both knee joints. Legs: 
Linear, irregular, and amorphous calcifications were seen 
in the soft tissues in the lower half of both legs. There 
was a mild osteoporosis of all bones. The ankles and 
feet showed no pathological changes. The changes de- 
scribed were considered characteristic of alcaptonuric 
ochronosis. 

The genetic history of this patient is of interest. His 
parents were first cousins, neither of whom had alcap- 
tonuria. The patient married a cousin who has no al- 
captonuria. The presence of alcaptonuria and arthritis 
is indicated in Figure 1. 
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Fig. 1. Genetic History of Alcaptonuric Patient 
Who Was Subject of Present Study 


u- .f nf nur study was a 59-year-old white male, 
History No. 43082, who noted a blackish discolora- 

address 1 Mount Sinai Hospital, New York 
City* . * 

2 Resident in Medicine- completed, we learned 

s After this experiment haOee ^ 

that in 1907 Abderha^^^^t^^ alcaptonuric without in- 




The effect of thiouracil and para-aminobenzoic acid on 
the urinary excretion of liomogentisic acid was deter- 
mined. In addition, the effects of potassium iodide, di- 
iodotyrosine and 1-tyrosine were also observed. 

Period 1: Control period of seven days. Period 2: 
Thiouracil 0.2 gm. t.i.d. was administered for 12 days. 
Period 3: Para-aminobenzoic acid was then given in 
doses of 4 gm., five times a day, with 30 c.c. of 5% 
NaHCOj accompanying each dose, for seven days. Pe- 
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TABLE I 


Period 

Day of 
experiment 

Urine 

volume 

IIomoRcntlsIc 

acid 

I 

Control 

1 

2 

3 

4 

5 

6 

7 

Daily a 

C.C./24 /louri 

1695 

1560 

1240 

2580 

1690 

2330 

1650 

verage for pei 

sm./2-f hours 
4.41 

4.84 

3.60 

4.89 

4.56 

6.76 

3.80 
iod 4.6{> 

II 

Thiouracil 
O.ZJgm., t.i.d. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Daily a 

1320\* 

1320/ 

1810 

2380 

1580 

1750\* 

1750/ 

1850 

1120 

1950 

1380 

1180 

verage for pc 

4.88\* 

4.88/ 

5.07 

5.48 

4.74 

4.16\* 

4.16/ 

4.44 

3.70 

5.27 

3.31 

4.25 
riod 4.53 

Ill 

Para- 

aminobenzoic 

acid 

20 gm.lday 

20 

21 

22 

23 

24 

25 

26 

Daily 

1840 

1850 

1630 

1995 

1735 

1950 

1325 

iverage for pe 

4.23 

4.81 

4.08 

4.99 

4.86 

5.46 

4.24 
riod 4.67 

IV 

Control 

27 

28 

29 

30 

31 

Daily 

1140 

1460 

1510 

1290 

1090 

iverage for pc 

4.33 

4.09 

3.62 

4.26 

3.14 
.riod 4.09 

y 

Potassium iodide 
2.0 gm./day 

32 

33 

34 

Daily 

1860 

1040 

2030 

average for p< 

5.21 

3.64 

4.87 

5riod 4.57 

VI 

Potassium iodide 
4.0 gm.lday 

35 

36 

37 

38 

Daily 

1700 

1715 

1580 

1460 

average for p 

3.91 

3.60 

4.42 

3.50 
eriod 3,86 

VII 

3, 5, di- 
iodotyrosine 
8.0 gm./day 

39 

40 

41 

42 

43 

Daily 

1270 

1480 

1385 

1480 

1310 

average for p 

3.94 

4.44 

5.40 

6.36 

4.45 
eriod 4.92 


VIII 

44 

1610 

4.99 

1-tyrosine 

45 

1380 

7.87 

8.0 gm./day 

46 

1410 

8.88 


47 

1810 

8.69 


48 

1720 

9.46 


Daily average for period 7.98 


* 48-hour urine collection and homogentisic acid output 
expressed per 24 hours. 


riod 4: Control period of five days. Period 5: 2.0 gm. 
of potassium iodide per day were given orally as a 50% 
solution for three days. Period 6: 4.0 gm. of potassium 
iodide per day were given orally as a 50% solution for 
four days. Period 7: 8.0 gm. daily of di-iodotyrosine 
were given orally as a powder in four divided doses of 
2.0 gm. each for five days. Period 8; 8.0 gm. daily of 
1-tyrosine were given orally as a powder in four divided 
doses of 2.0 gm. each for five days. 

The daily diet during the entire period contained ap- 
proximately 70 gm. protein and 1800 calories. 

METHODS 

Twenty-four-hour urine specimens were collected and 
preserved with approximately 10 c.c. concentrated HCl 
so that all specimens remained acid to congo red. 

Homogentisic acid was determined quantitatively by 
the iodometric method as described by Lieb and Lanyar 
(13). 

RESULTS AND DISCUSSION 

Results are presented in Table I and Figure 2. 

The average daily excretions of homogentisic 
acid in the control periods, 4.69 and 4.09 gm., 
agree well with the value of 4.65 gm. observed by 
Neuberger (5) in a patient receiving 60 gm. of 
protein daily. 

Thiouracil and para-aminobenzoic acid did not 
inhibit the excretion of homogentisic acid since the 
average daily excretion was 4.53 gm. and 4.67 gm. 
for the respective periods. It, therefore, seems 
that the oxidative enzymes involved in the conver- 
sion of tyrosine to homogentisic acid are not sim- 
ilar to the tyrosinase concerned with the oxida- 
tion of tyrosine to melanin. 

When 8.0 gm. of 1-tyrosine were administered, 
the average daily excretion for this period was 7.98 
gm. as compared with 4.09 gm. for the preceding 
control period. The difference, 3.89 gm., repre- 
sents a conversion of 52 . 6 %. Mittelbach (14) 
observed a low percentage of conversion to homo- 
gentisic acid when 15.0 gm. of 1-tyrosine were 
given. This is in contrast with the 80% to 85% 
conversion of 3.0 gm. of I-phenylalanine observed 
by Neuberger (5). 

Despite the large amounts (8.0 gm. daily) of 
3, 5, di-iodotyrosine administered to our patient, 
the average daily excretion of homogentisic acid 
was 4.92, and this did not differ markedly from the 
control excretions. This would indicate an in- 
ability of the alcaptonuric to convert this com- 
pound to homogentisic acid. 

Foster and Gutman (10) found that when 3, 5, 
di-iodotyrosine was fed to rabbits, about 60% was 



A?n;,\!t.\M c. wmri:, r.. i’Arkku, and i'uank bi.ock 


rofiirol 

Thiouracil 

fhtxi-Qniino 

Control 

Potoonium 

5>rt'ictl 


l<cn.*acock1 

period 

iodide 


Ofigm daily 

Sigm daily 

Zqm| 4 gm. 
daily 

n 

r f 

!i 

f 

, r** r-, 

fTj 




... 

* I ' • • 

f * S «•. m 0 m 


S. i M 

■ ■ ' ■ • , 

» 1 • ■ - • • • ; 


tyrosine 

Ogm daily Sgro doi^ 


I'm 




Dflya of experiment 

{•((. J Tm Mxccr.tio.v ok Homockktisic Acin in Grams mi 24-iiour 
P r.KKCis tiNi.!:i: Various ExrF.RiMnNTAi. Conditions 
•n-.r luiinunt ot iioinoiTcntiMC acid is represented to tlic nearest tenth of 
a prain. 


r.NcrtUNl :iK 3. 5. (ii-iodo-Mtydroxyphctwlhctic acid. 
We did not expect tills pnrtion to he convcitcd to 
h<.Dirn-cnti.<ic acid hv our i.atioiU because the num- 
PtT 5 cirlioi) v/ns blochcd by iodine. 1 Ionvcvcv the 
renininint: dO^i-, representing 3.2 gm. ot the daily 
js(( Mm. dose administered, might be available for 
convcr.don to homogentisic acid. This did not 

Soderbergh (12) observed that when an alcap- 
tomiric patient was given 3.0 gm. of potassium io- 
dide daily, the urinary output of homogentisic ac j 
<lccreascd to 6.50 gm. daily from a control level of 
SiO gm. We did not find any decrease m our pa- 
tient. 

conclusions 

1 An ak»plom.ric patient on an 

70 gn,. t anf^® 

SXing two control periods of seven days and 

'■’i;'SStlr>ara— nroic add did 

Jy t'rS^t 7.98 gn,. of — S.C ac^ 


5. Potassium iodide in doses of 2.0 gm. and 4.0 
gm. daily did not decrease the urinary excretion of 
liomogcntisic acid. 

6. The oxidative enzymes involved in tlic con- 
version of tyrosine to homogentisic acid differ in 
their lack of response to thiouracil from the tyrosi- 
nase which produces melanin. 
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*m!-: SKJXIFICANCI-: of the difference in systemic 

AUTICIUAI. AND VENOUS PLASMA CONCENTRA- 
TIONS IN Rl- NAL CLEARANCE METHODS 

\W CLAUS BUUN. TAC.!-: IIILDFN, and FLEMMING RAASCHOU 
(Fr.'di II! of hiloriuil Mfdicitio, Kamviuiirhnspt(al, Copenhagen, Denmark) 

(Ucceival for publication July 12, 1948) 


Di'tfltas! clrnrajicc vnliics rcporlcd itt the liter- 
nttuc iiavr In in cnlcnlMcti pnilly on constant anil 
p?.!{Iy on rLvitii: I'r tallinc: plasma concentrations. 
Huwrvcr, we have ohservci! nncxpcclcilly low 
elearan.ee valnes tm rapidly tallint: concentration, 
asid as tar as we kn(>w this phcnomcnoJi has not 
hern reported hetnre. 

rnhlishcd valnes ot the diodrast clearance in 
normal subjects diiTer with the diEcrent tech- 
niques applied, and the.<e ditTcronccs may he cx- 
pb.iited in I’art. on the basis of our observations. 
By analvaijif^ White, Findley and F-dwards (1) 
resttU.s we sec that in the subjects rvhere continu- 
ous infusion was applied, the average diodrast 
clearance was 517 ml./min., while in the subjects 
where falling plasma concentration after a single 
injection was used, the value was 410 ml./mm. 
One of us. (Hilden (2], by application of an in- 
travenous single injection, obtained an average 
clearance of 40 ml./min.. whereas by subcutane- 
ous injection, which gives a far more slowly falling 
plasma concentration, obtained a clearance of 613 
ml./min. Goldring, Chasis, Ranges and Smith (3) 
who used continuous infusion, indicate the norma 
value to be 688 ml./min. Josephson (4) recently 
stated that he finds lower diodrast clearance values 
on the basis of spontaneously falling plasina con- 
centrations than after a single intramuscular dio 

'’Ttc”- will be given first of the above 
TTipiire la shows the diodiast clear 
phenomen^^r^nt plasma concentrations estimated 
• 'rur and falling concentration. Values cal- 
Xd on falling plasma concentratict at about 

T "^^Snr^re^UarSn U may be seen 
S"he values ^leulated on n^g cone— 


evel range from about 700 to 
at the same lo _ question of why the val- 

about 1000 concentration will 

ues va.7 =» ^"S rllta are plotted in 


be discussed later. 


Figure lb. From the moment the concentration 
begins to fall spontaneously the clearance declines 
at an increasing rate the lower the concentration. 
Here, too, the values are essentially higher when 
calculated on rising concentration. In Figure Ic 
the diodrast clearance values calculated on a fall- 
ing curve have been compared with the diodrast 
clearance estimated on constant blood concentra- 
tion; a marked diEcrence is noted again. Figure 
Id illustrates an experiment, in which a spontane- 
ous fall in the plasma concentration was elicited 
over one hour and a half, and when the plasma con- 
centration had fallen to S mgm. per cent, diodrast 
was infused intravenously, and the plasma con- 
centration increased. The diodrast clearance in- 
creased from about 400 ml./min. to about 600 ml./ 
min. at the same plasma concentration. Figure 
Ic shows an experiment beginning with an intra- 
venous infusion of diodrast, which brought about 
a rapid rise in the plasma concentration. Then the 
infusion was discontinued with the result that the 
plasma concentration began to fall spontaneously. 
The diodrast clearances calculated on the rising 
curve were found to exceed those on the falling 
curve. The turn occurred at the moment the in- 
fusion was discontinued. 

A total of 16 experiments were performed. Low 
clearance values on falling plasma concentration 
were unquestionable in 12 and in the remaining 
four the phenomenon was questionable or not pres- 
ent. The reason why the phenomenon may oc- 
casionally fail to occur will be mentioned later. 

We shall now discuss the possibilities which we 
have considered in trying to explain the phe- 
nomenon. 

a. In the above experiments no correction was 
made for delay time ; by delay time we mean the 
time it takes for the urine to pass through the 
kidneys and the urinary tract from the moment 
of production until it has reached the bladder. The 
urine dsicharged from the bladder at a given point 
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*'! sitr.r thus piodtircd in tiio kidneys some live 
‘o 1.*^ muuitcs previnusly (depending on, ninong 
nd'.rt tiiirtgs. ilu- tirine volume). When worlcing 
v.tjh j.ipuily varyiint plassna concentrations there 
ir.riy, accordingly, he a great diftVrencc between 
ti.e cotu-rniration during which the uritie is actu- 
•a’dy ptotluct'd asul that used in the clearance ])e- 
t!-',!. ( Irarancc values tletermined on falling 

p!a<ma cotrccnlratiou therefore will he calculated 
til l h.ig!',. ( ‘onscquently, omitting corrcctioji for 

delay lime cannot alone c.vplain our ohsciwalions. 

I: diodrast is deposited in the renal tissue for 


vorru' titnc before being excreted the diodrast clear- 
ance will likewise be calculated too high, because 
at the high concentrations the excretion will lag 
somewhat behind the plasma curve. 

c. I'urthermore. the possibility might he con- 
ceived tint, at rapidly falling plasma concentration, 
the ervthrocytes were not able to give off their 


contents of diodrast during the rapid passage 
through the kidneys. I his would result in a shift 
in favor of the erythrocytes of the normal equilib- 
rium between the diodrast concentrations in blood 
cells and plasma. The erythrocytes might he con- 
ceived to give off diodrast to the plasma after the 
blood samjdc had been taken, and the diodrast con- 
centration in plasma accordingly be analyzed as 
higher than it had been when the blood passed 
through the kidneys. To elucidate this fact, we 
compared the diodrast concentrations in blood 
plasma centrifuged off immediately after with- 
drawal of blood, and plasma which had been left 
standing with erythrocytes for an hour after with- 
drawal Tills analysis showed that no diodrast 
is given off from the blood cells, and that accord- 
ingly no such process can explain the phenomenon. 

d. Differences in the binding of diodrast to the 
plasma protein substances, at falling and rising 
Usma concentration, might likewise be conceived 
to be responsible for a difference m the plasma ex- 
traction of diodrast in the kidneys. This seems 
rather unlikely, however, since, tlie dissociahon 
of the diodrast-protein complex is known to take 
place very quickly; the blood is, at least at plasma 
LncentrSions below that at which the clearance is 
self-depressed, almost completely cleared of dio 
rtrast bv a single passage through the kidneys. 
Thus none of the four possibilities mentioned 
Thus, no diodrast clearance 

above appear to explain tne low 


value.*; calculated on falling jilasma concentrations. 
Mowever, we believe wc have found an explana- 
tion in another possibility; the diodrast concentra- 
tion in arterial blood may differ considerably from 
that in venous blood, when the plasma concentra- 
tion is changing quickly. 

('. Tlic distribution of diodrast in the circula- 
tion. Ti'/uVr iJic concentration jails, must he sup- 
posed to occur in the following way : tlie renal ve- 
nous blond, which is almost or completely free of 
diodrast, is led to the right half of the heart, where 
it is mixed with diodrast-containing venous blood 
from the cxtrarcnal part of the organism. The 
concentration in the mixture will he identical with 
that in the arterial blood. It appears, therefore, 
that the diodrast concentration in arterial blood 
must he lower than that in the venous blood from 
the arm generally applied for analysis. Since the 
clearance (UV/P) ought to he calculated on the 
basis of the concentration of arterial blood from 
which diodrast is actually excreted by the kidneys, 
then the clearance values will he calculated too low 
when the venous blood concentration is used in the 
formula. 

To this hypothesis the objection might he raised 
that the above difference between the concentra- 
tions in arterial and venous blood always must be 
present, since the renal venous blood in normal in- 
dividuals always must represent an afflux poor in 
diodrast to the heart. If one, however, maintains 
a constant diodrast plasma concentration by con- 
tinuous infusion, the concentrations in arterial and 
in mixed venous blood will be identical; the con- 
centration is maintained by supplying diodrast to 
the venous blood at a rate equal to that at which 
it is being excreted through’ the kidneys. 

During rising plasma concentration the arterial 
blood concentration should accordingly be higher 
than the peripheral venous blood, because the 
mixed venous blood is being fortified at a rate 
erreater than the rate of excretion. The mixed ve- 

to 

nous blood (and the arterial blood) will have, there- 
fore, a higher concentration than peripheral venous 
blood. The arteriovenous difference will depend 
mainly on the relative rates of loss and infusion. 

On the basis of these considerations we have de- 
termined the relative concentrations in arterial 
and venous blood under conditions of rising, falling 
and constant diodrast concentration. 
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Fig. 2 (a through f). Diodrast Plasma Concentrations in Arterial and Venous 
Blood on Rising and Falling Plasma Concentrations 

Solid dots represent concentrations in arterial, and open circles concentrations in 
venous blood. 
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, TECHNIQUE 

Venous and arterial blood samples were taken every 
ten minutes. Blood was collected from a retention can- 
nula in the median cubital vein, brnebia! artery or femoral 
artery. Clotting was prevented in the venous cannula by 
constant, slow infusion of a dilute heparin-saline solution. 

Urine was collected by catheter and the bladder was 
washed twice with SO ml. of water plus air after each 
discharge. 

Diodrast was analyzed by Bak, Brun and Raaschou’s 
(5) modification of White and Rolf’s (6, 7) method. 
Inulin was analyzed by Brun’s (8) modification of Cor- 
coran and Page’s (9) and Miller, Alving and Rubin’s 
(10) method. 

. Procedure of exfierimcitls. The subjects used in this 
study showed no evidence of cardiovascular-renal disease 
and were afebrile. 

The experiments were carried out in three different 
ways. Generally, a rather rapid rise in the plasma con- 
centration was first obtained by the intravenous infusion 
of diodrast solution. The infusion was discontinued when 
the concentration had reached a sufficiently high level, 
and the concentration was left to fall spontaneously. In 
other subjects a large intravenous single injection brought 
about a high diodrast concentration which was allowed 
to fall spontaneously. 


RESULTS OF EXPERIMENTS 

Six experiments were made with simultaneous 
determination of the diodrast level in arterial and 
venous blood on rising and falling concentration. 
Figure 2 illustrates the blood curves plotted for all 
six experiments. Table I shows the results from 
two of the experiments (P, L. and M.) in a more 
detailed form. 

During falling plasma concentration the diodrast 
level is higher in venous blood than in simultane- 
ous arterial blood, whereas the reverse is the case 
during rising plasma concentration. 

Table II shows the average percentage differ- 
ences between diodrast and inulin concentrations 
in arterial and venous blood (expressed in per cent 
of the^rterial blood concentration) during spon- 
taneously falling concentrations. In the case of 
diodrast the differences have been calculated only 
for the concentrations below the self-depression 
limit. With regard to diodrast the average differ- 
ence for all six experiments was 29 per cent. This 
figure corresponds approximately to what might 
be expected from theoretical calculations. The ar- 
teriovenous difference in concentration will de- 
pend partly on the diodrast extraction in the kid- 
neys and partly on the ratio between the “renal” 


TABLE II 


Comparison of diodrast and inulin concentration differencs (in 
per cent) in arterial and systemic venous blood during 
spontaneously falling concentrations 


Sublect 

Diodrast 

Inulin 


1 

jjer cent 

per cent 

H. A. (male) 

28 

5.8 

P.J. (male) 

1 26 

7.0 

M. (male) 

i 31.3 

8.0 

A. (male) 

1 10.9 


P. L. (male) 

1 52.0 

I 

8.7 

Average 

I 28.7 , 

7.4 


The values are obtained using the following formula; 
Poy — FDA. P/wr-P/WA 


100 


100 


Pda P/wa 

in which Pd,! and P/aa are the arterial plasma concen- 
trations of diodrast and inulin and Pay and P/jvy are the 
venous plasma concentrations of diodrast and inulin. 


and the “extrarenal” minute volume. Starting 
from a level below the self-depression limit, where 
the renal venous blood is almost completely cleared 
of diodrast, and supposing that one-fifth of the min- 
ute volume of the heart passes through the kidneys, 
we may set up the following equation from which 
the ratio of arterial concentration to venous blood 
concentration may be calculated : 

V X Pd,! = 1/5V X 0 -b 4/5V X Pd,, 

Poy = 5/4V X Pd,!- 

Pd,, and Pd,, are the diodrast concentrations in arterial 
and venous blood, and V the cardiac output. 

In the case of inulin, the renal venous blood will be 
cleared of only about one-fifth of the quantity present in 
the arterial blood. Hence the equation for inulin is as 
follows: 

V X P/A^„ = 1/25V X 0 -f 24/25V X Prvy 
PiUy = 24/25V X PiifA 

where and P/w,, indicate the inulin concentrations in 
arterial and venous blood. 

In the case of inulin, too, the difference found 
(7.4 per cent Table II) corresponds fairly closely 
to what might have been expected. 

These calculations are approximate, of course, 
because we do not know the exact ratio between 
the cardiac output and the renal blood flow. More- 
• over, we cannot a priori be certain that the deposi- 
tion of diodrast is uniform in all tissues. On the 
contrary, investigations by Lengemann (11) seem 
to show that the largest amounts of diodrast are 
deposited in liver and skin. The blood from the 
median cubital vein is cutaneous venous blood and 
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i! tiKiy i)t' p.'ut iVuhirly rich in dintirast (ni fallini; 
phi'-ina c-'nc<>iUr;Uion. 

I'lnrisu: ri'-ir.!: plaMun cnnrrntratimi the level in 
'lu' arterial Mi> nl is. as nu'ntioned ahnve, hijjhcr 
i?i the cor! esp<nulin|i venous hhjod, partly hc- 
cau'-r a certaiji aiunuiU ot diodrasl is deposited in 
tiu' tiv-nes and jcutly i)t-i'a\ise <>t the variations in 


the distribution of diodrast in tlic blood. Tire rate 
of infusion is the factor determining the arterio- 
venous concentration di (Terence. 

We shall now report the results arrived at by 
calculating tlic diodrast clearance on the basis of 
arterial blood concentration and venous blood con- 
centration, respectively'. The diodrast clearance 
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values refer partly to Table I (P, L. and M.). and 
partly to Figures 3, 4 and 5 (P. L., M., and 

P.J.). 

By using the arterial and venous concentrations 
and without allowing for delay time we arrive at 
the results indicated in Figures 3a, 4a, and Sa. 

In Figure 3a (P. L.), the “venous clearance” 
values are seen to be high on rising and low on 
falling blood concentration, while the “arterial 
clearances” are low on rising and high on falling 
blood concentration. On the other hand, it appears 
that the "venous clearance” (Figure 4a) may be 
identical on rising and falling blood concentrations, 
whereas the “arterial clearance” is low on rising 
and high on falling blood concentration. Finally, 
it appears from Figure Sa that the “arterial clear- 



Fig. 6 (a through c). Diodrast Plasma Concentra- 
tion IN Arterial and Venous Blood during a Con- 
stant Intravenous Infusion. 

Solid dots represent concentrations in arterial, and 
open circles concentrations in venous blood. 


ance” values are higher during spontaneously fall- 
ing blood concentration than the “venous clear- 
ance.” That the diodrast clearance has been cal- 
culated on the basis of concentrations above the 
self-depression limit is naturally of no importance 
in these subjects, where it was the question of com- 
paring the “arterial” and the “venous” clearance 
values calculated on simultaneous plasma concen- 
trations, and not of estimating the absolute clear- 
ance values. 

However, we feel that allowance should be made 
for delay time in the calculation of the diodrast 
clearance. In a subsequent article (12) we will 
publish the results of experiments dealing with de- 


lay time in normal individuals for different urine 
volumes. In the present article it will only be 
pointed out that the delay time must be supposed 
to be longer than it was previously thought to be 
(three minutes), (Goldring, Chasis, Ranges and 
Smith [3]), For urine volumes like those dealt 
with in our experiments (1% to 5 ml. per min.) 
the delay time is between five and eight minutes. 

With allowance for these facts we have calcu- 
lated the diodrast clearance values indicated in 
Figures 3b, 4b and 5b, as well as in Tables I and 
II, which show that the “arterial clearance” values 
are identical during rising and falling blood con- 
centrations, whereas the “venous clearance” val- 
ues are low on falling and high on rising blood 
concentration. It appears from Figure 5b that, 
after correction for delay time, the “arterial dio- 
drast clearance” values calculated during falling 
blood concentration are found to be comparable 
with the diodrast clearance calculated on the basis 
of a constant plasma concentration curve. 

Finally some experiments were made in order 
to investigate the arterial and the venous plasma 
concentrations of diodrast using the constant in- 
travenous infusion method. The arterial and the 
venous plasma concentrations are seen to differ 
very little (Figure 6). The clearance values cal- 
culated on the basis of the arterial plasma concen- 
tration were practically identical with those calcu- 
lated on the venous plasma concentration. 

DISCUSSION 

It appears from the results of the above experi- 
ments that the “venous diodrast clearance” values 
calculated during rapidly falling or rising plasma 
concentrations are either too low or too high. The 
“arterial diodrast clearance,” on the other hand, 
presents identical and correct values under the same 
experimental conditions provided that allowance is 
made for delay time. 

We may, therefore, for the present conclude 
that the cause has been found for the error in the 
diodrast clearance, when it is calculated using ve- 
nous blood analyses and falling plasma concen- 
tration ; the error is due to the difference between 
the diodrast concentrations in arterial and venous 
blood. 

Foa and Foa (13) calculated the diodrast clear- 
ance on the basis of a falling plasma concentration 
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ciii VC n!)(! vriu)\is blotui analyse?, a procedure wliich, 
acenrdinn to (he above observations, we cannot rcc- 
onumnd. Tliat these writers found the average 
nnrinal value to be as liigh as 566 nil./min. is no 
tioub: due to the fact that (iiey made no allowance 
for delay time. 'I’his may in some measure climi- 
n.itc lltc error matie in diodrasl clearance calcu- 
lation based on raj'idly rising and falling pla.sma 
cos'.cei'.'tations. and m.ay offer an explanation of the 
fact that in .‘^omc cases we did not observe low 
clearasice values on falling concentrations. 

It ha*; previf'usly been mentioned that strikingly 
high atul irregular diodrast clearance values may 
!>e observed within the first part of an infusion pe- 
riod (r-fcfr Figures la and lb), ns well as at a later 
stage of tl'.e experiment, whenever there is a great 
it', crease in the infusion rate. This may be owing 
in part to tlte fact that the tissues arc not saturated 
with diodrast. and consequently, the percentage 
{iifTcreitce between the diodrast concentrations in 
arterial and venous blood is large. The plasma 
concentrations, therefore, used in the clearance 
calculation arc far^« too low when venous blood 
analvscs arc used. | (Another cause may be the fact 
that at the beginning of some of our experiments 
the infusion was irregidar, so that sudden and^ rela- 
tively l^rcat changes -might have occurred in the 
diodrast concentration in arterial blood without 
these fluctuations necessarily being reflected to the 
same extent in the venous blood. Fmally the pos- 
sibility cannot be omitted that actual variations, m 
the renal plasma'flow underlie these high and ir- 
regular clearance values. 


CONCLUSIONS 

1. Diodrast clearance values obtained during 
inidlv falling plasma concentration are errone- 
isly low This error is due to the fact that sig- 
Ificant differences in diodrast concentrations be- 
veen arterial and systemic venous blood occur 
nring rapidly rising and falling plasma concen- 
. Thiefore the customary use of penph- 

tra* m calculations of the 
rai pidMi errors. 

“"faSrpUa concentration is used and 
: corrX is Lde for delay time the diodrast 


clearance is independent of rate of change in the 
plasma concentration. 

3. If a constant intravenous infusion is used, 
the clearance calculation using venous plasma con- 
centration is permissible. 
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It is a common observation that patients differ 
widely in their reaction to childbirth, some women 
giving evidence of great distress and others main- 
taining a high degree of equanimity throughout 
labor. These variations in reaction have led ob- 
stetricians to question the existence of pain in cer- 
tain patients (1), except for the sensations ac- 
companying the surgical procedures often required 
for the delivery of the baby. In the absence of a 
quantitative method for measurement of pain in- 
tensity, the reaction of the patient has been the 
principal index of the severity of labor pains. 

The introduction of dolorimetry, a laboratory 
method of measuring painfulness, by Hardy, Wolff 
and Goodell (2, 3), has made it possible to obtain 
reliable estimates of spontaneous and experimen- 
tally induced pain intensity. This method provides 
a scale based on the ability of an individual to dis- 
criminate differences in the intensities of pain. 
The technique consists essentially of comparing 
the intensity of a spontaneous pain with that in- 
duced on the skin of the subject by thermal radia- 
tion. No clinical application of this method has 
yet been made, and in applying it to the study of 
the pain experienced during labor, it was hoped 
that the patient could make reproducible compari- 
sons of the labor pains with those evoked by the 
thermal stimulus on the skin. If this proved pos- 
sible, the intensity of the painful sensations ex- 
perienced by a patient in the various stages of labor 
and by different patients, could be compared on a 
common basis. This would provide a convenient 
method for the evaluation of the effectiveness and 
mode of action of analgesic agents administered 
for the relief of pain during labor. 

It is the object of this report to present experi- 
mental data on pain intensity, obtained from a 
study of 13 women in the various stages of labor 

^This work was supported in part by funds from the 
Office of Naval Research of the United States Navy. 


before the administration of any analgesic or an- 
esthetic agent. 

METHOD 

Thirteen normal young women without obvious medi- 
cal or obstetrical complications cooperated as subjects in 
these experiments. There were ten primiparas and three 
multiparas. Nine were private patients who had a defi- 
nite interest in the investigation as they were either 
former nurses or wives of physicians or professional men. 
Special urging was unnecessary to persuade these pa- 
tients to participate in this study, as either curiosity or 
desire to be of service caused them to volunteer readily. 
All patients had one motive in common, namely, to with- 
stand any reasonable discomfort if it would help ease the 
suffering of future patients. The matter was, of course, 
discussed with the husband and in instances in which the 
patient was the wife of a physician the husband remained 
in the room while the study progressed. In two instances 
the pain studies were discontinued in the latter part of 
the first stage of labor at the patients’ request. At first 
private patients were deemed most suitable for this study 
as it was not clear that discriminating differences in 
intensity of pain would be a simple matter during the 
course of labor. Since these patients had no difficulty 
in making the necessary comparisons, four clinic patients 
were subsequently included in the study. 

Prior to hospital admission in labor, all of the private 
patients had been given preliminary instruction in the 
thermal radiation technique of pain threshold measure- 
ment (4). The operation of the equipment was ex- 
plained to them, and they were introduced to the several 
persons involved in the study who would be present dur- 
ing the investigation. As the authors and a technician 
remained with the patient during the entire period of 
observation, it was felt desirable that rapport be estab- 
lished between the patient and the experimental team. 

During the first laboratory interview the skin of the 
dorsum of the right hand was blackened with India ink 
in four areas, and the pain threshold measured on these 
test surfaces. The pain threshold was measured by first 
exposing the blackened skin for three seconds to an 
intensity of thermal radiation slightly above the pain 
threshold so that a distinct pain was felt. Then, begin- 
ning with a stimulus well below the pain threshold, the 
radiation intensity was increased through successive ex- 
posures until the patient reported a barely perceptible 
prick at the end of the exposure. This intensity .was 
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tskm she ('.liii t!i:c5lioI(!. Il is of the nreatest impor- 
Sas'.cc shr.t <litTcrcnt areas of shin I)c stimulated in each 
rxs'-'’s\irr, ai;d that as few stimuli as possihle be Riven to 
!■ :a!r accurately the threshold. An avcraRc of four 
•’.iuudi was tisu.dly s\i!Vicirnt to determine the pain thresh- 
within plus-tninus ten inillicalorics per second per 
s tuarc centimeter. None of the patients studied had the 
sliclitr't ilifhrulty in rccoRntriiiR the pain threshold. 

During this pefiivi of instruction the difference in in- 
jririty of two p.ains was dcinonstratcd hy cxiiosiinr the 
i'.'.tirnt to a stitmilus evuhituT a two-dol pain and then 
to en.e evohin;: a tour-dol pain. This was done to im- 
5 >;c'S upon l!:r patient th.e importance of the intensity 
.-.speet s^f pain as contrasted witli its (piality and duration. 
'•O'C th.e exprriu.-.cntal j'ain ostensibly «Iiffercd from the 
r pain in these respects. Most of the patients eom- 
!vrntc ! upuj the tact tiiat the sensation from the uterus 
v.('u!'l I’-r diiTcrent iu quality, duration and locale, and, 
il'.rrcicrc, expressed svune doubt as to the possibility of 
rip.mtin.v; '.lie two sensations in tertns of intensity. These 
r,'i-rc!;rnsions were not borne out hy experience as only 
two of th.e j>aticnts had difricnlty in mahiiu; comparisons, 
an! in th.csc instances the decree of cooiieration was not 
sutTicient to continue the observations throuRh the first 


“tavC of lahcir. 

Tl'.c use nf th.e word "pain" in connection with the 
utcriiic contraction was avoided in discussitiR the subject 
with the patients, and "intensity of contraction" was the 
dc<‘riptivc term employed. It was hoped in this way to 
avoid sur.r.«--sl5n?t to the p.aticnt that her labor would 

l»c painful. . . • , 

DuriuR labor the tcchnic|uc for mcasunuR pam mten- 
sitv was’as follows : Immediately following a contraction 
'tlie patient was .given a three-second exposure to the 
thermal stimulus. She made a report as to whether or 
not the sensation on the back of her hand was more or 
less intense than that experienced from the uterine con- 
traction. Depending upon this report the intensity of 
the stimulus was increased or decreased and the test 
repeated in order to “bracket” the uterine sensation. By 
having two stimuli, one lower and one higher tlian the 
.‘-ntancous sensation, it was possible to find quickly the 
‘.Umulus which the patient reported to be 
of Z s.-«nic intensity as her labor pain Usually th e 
‘ were enough to locate the balance point 

Ti °ccn the sensation from tlic uterus and that from the 
-inoaratus but if more stimuli were required a rest 
of aboul ten minutes was allowed before resuming 
period throughout not to overstimulate 

any ar? of blackened skin and thereby produce local 

hyperalgesia. . jerved that the intensity report was 

1 '""rwhe^r ^e comparison of sensations was made 
the same whetner or the interval between 

at the height ^ „ore time available between 

contractions. As tn usually made then, adjust- 

"s .'o produce a sensa.ioa e,„lva.a„. 

: U used to denote the unit of pain- 

has Tvle of approximately one-tenth the 

fulness, and has a _ 
intensity of the maximal pain. 


in intensity to tliat evoked hy the previous contraction. 
Two measurements were made and if the reports agreed 
within one dol they were averaged and used ns the point 
to lie plotted. Single test reports were used only at the 
highest imin intensities, because of tissue danngc result- 
ing from the strong tlicriiial stimuli. Uarge variations in 
reports of intensity (three to five dols) occurred when 
the patient was distracted or not cooperating, and were 
observed in both patients who requested that the study he 
discontinued. 'J’liis possibility had hccti anticipated since 
erratic reporting had been observed in a previous study 
of medical students (3). In spite of the clinical proce- 
dures necessarily carried out during the course of the 
pain study, the fatigue of the patient, and other disturbing 
circumstances that could not be controlled or eliminated, 
distraction resulting in erratic estimates was not an im- 
portant factor. Reproducibility of the nicasurcincnts 
within plus-minus one dol was taken to be the criterion 
of the excellence of the data. 

Coiitiinicd emphasis was placed during I.abor upon the 
ir.toisity of the sensation as distinct from its quality and 
duration, because the patients frequently stated that the 
thermal pain was not "comparable" to the I.abor pain. 
Tile difference between the experimental .pain and the 
labor pain may have caused some diniculty in making 
accurate comparisons. However, repeated comparisons 
during labor showed only variations of approximately 
plus-minus one dol, and as the limit of discrimination is 
plus-minus one-half dol this shows that the patients were 
making satisfactory appraisals. 

It is important to keep in mind that as the severity of 
labor pain increases, tlicrmal stimuli of correspondingly 
higher intensity must be administered and tissue damage 
will be produced when the comparisons extend beyond 
eight dols. 

Pain threshold measurements were made throughout 
the entire period of study, in the intervals between con- 
tractions. It has been previously shown that an existing 
pain will cause an elevation of the pain threshold else- 
where in the body (4), and for this reason pain threshold 
measurements were not made during a contraction. 

As soon as the patients were admitted to the hospital 
they were placed in a private labor room for study. One 
of the experimental team remained with the patient at all 
times, and pain tests were made every half hour or when 
there was any change in the patient’s obstetrical status. 
The majority of the measurements were made in the first 
stage of labor, although two patients were observed in 
the second stage, and two in the fourth stage (5). No 
measurements were made in the third stage. None of 
the patients had had any analgesic or anesthetic during 
the time they were studied, although subsequent to the 
pain studies nine had analgesics and 11 had anesthetics 
for the delivery. If at any time during the study a 
patient requested an analgesic it was administered and the 
pain studies were terminated. This accounts for the fact 
that most of the patients were studied in the early and 
middle parts of the first stage of labor. 

Measurements were made of the frequency and dura- 
tion of uterine contractions by manual palpation of the 
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subject’s abdomen. Cervical dilatation was estimated by 
rectal examination and in some instances confirmed by 
sterile vaginal examination. 

In four patients records were made of the uterine con- 
tractions by means of a pneumograph strapped to the 
abdomen. It was not anticipated that the excursions of 
the pneumograpliic needle would be proportional to the 
intensity of the uterine contraction, but the duration of 
contraction and the interval between contractions could 
be more accurately determined in this way than by manual 
palpation of the abdomen. The patient was given a sig- 
nal magnet key to press during the time she felt pain, as 
it was desirable to know whether or not the pain out- 
lasted the contraction. The patient was also asked to 
give an estimate of the intensity of her pain each five 
seconds during the contraction. The reports were made 
in terms of fractions of the intensity of a recently meas- 
ured uterine pain. This type of procedure for estimating 
pain intensity had been proved successful in the study of 
headache and other pains (6, 7). 

In the course of all studies careful notes were kept as 
to the patients’ reactions, such as crying, complaining, 
sweating and degree of alertness and cooperation in the 
pain studies. Such notes were used to arrive at an esti- 
mate of the patient’s reaction to her pain. 


RESULTS 

Figure 1 shows the results obtained on the first 
patient studied. This individual was a primipara, 
a professional woman of high intelligence, who 
wished to experience labor without analgesia, be- 
cause of her interest in Read’s publications on nat- 
ural childbirth. Studies were begun five hours 
after onset of the first pains, at which time labor 
was still mild, and the pain intensity averaged ap- 
proximately three dols. The cervix was three cen- 
timeters dilated; uterine contractions occurred at 
five-minute intervals and lasted approximately 30 
seconds. During the next five hours, as the cer- 
vix dilated gradually, the pain increased steadily, 
reaching an intensity of eight dols, and the con- 
traction interval decreased to one minute. 

The subject was calm throughout the course of 
her labor except for obvious tenseness. However, 
after the pain had reached eight dols (a severe 
pain) she asked for an analgesic. This was ad- 



Fic. 1. Pain Chart of Mrs. F 
Abscissa: Duration of labor in hours. 

Ordinates: Dots represent duration of contraction in seconds; circles — contraction interval in 
minutes; triangles — cervical dilatation in centimeters; and crosses — pain intensity in dols. 
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tninistcrcd in the form of nitrous oxide during' the 
second stage. 

'I’hc second patient was a tuuUipara who liad had 
an unhapiiy obstetrical lustory characterized by 
six spotnaucous abortions and only one living 
child. When the study bcgati her pains were 
moderately severe, the cervix was closed and the 
contraction interval was about four minutes. In 
the next two hours the paiti rose very rapidly to 
the extreme range above nine dols, as shown in 
I'lgure 2. The cervix dilated rapidly, and the 
contraction interval .shortened in proportion. Two 
measurements were made on this patient during 
the second stage of labor, although the patient had 
been repeatedly warned of the danger of blistering. 
Yet she wished to cooperate fully as an expression 
of her gratitude in having a term pregnancy and 
insisted on havitig the tests made. A pain inten- 
sity of lOVe dols was measured. This is the most 
intense pain which can be experienced. Increas- 
ing the intensity of the thermal radiation can cause 


no further increase in pain perception (2). Sec- 
ond degree burns were inflicted upon the hands of 
this patient by the four tests made at levels higher 
than nine dols. Delivery was accomplished under 
general anesthesia. 

Figure 3 shows a composite study of the 13 pa- 
tients. As each determination represents not less 
than eight tests for pain intensity, the 55 measure- 
ments arc the result of over 400 test readings. 
These 55 measurements represent an average of 
about four per patient during the various stages of 
labor. Since the first stage of labor had a variable 
duration for each patient, the time scale is ex- 
pressed in quarters in order to obtain a common 
basis for comparison. It will be observed that 
there was a gradual increase in pain intensity as 
delivery approached, at which time pain reached 
nine and even 10^^; dols. The dashed line in the 
figure represents an approximate average of ob- 
served values in the first and second stages of 
labor. In the ease of subject H, whose values lie 
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Fig. 3. Plot of SS Determinations of Pain Intensity on 13 Patients During First, Second and 

Fourth Stages of Labor 

Time scale of first stage expressed in quarters of its total duration. 


quite far above the dashed line, it is to be remarked dysmenorrhea. Chassar Moir (8) has reported 
that the progress of her pains was parallel to the that in cases of dysmenorrhea the pain outlasts the 
average line, but subsequent to the last determina- uterine contraction and from this observation he 
tion shown she received a considerable amount of suggested that the pain of dysmenorrhea might be 
an analgesic which may have prolonged her labor, attributed to hypoxia in the uterine muscle. It 
The intensity of the after pains was measured in will be noted, too, that the stronger pains repre- 
only two patients who had received no analgesia sent a greater proportion of the time of contrac- 
in labor and no anesthesia for delivery. These tion than do the weaker pains, the range being from 
pains were moderate, three to five dols, a half 15 per cent to 95 per cent of the total contraction 
hour after delivery, and decreased to threshold time, depending upon the intensity of the con- 
levels two hours later. traction. This indicates that for weak contractions 

Figure 4 shows typical uterine contractions as the pain threshold is reached more slowly than 
recorded on the pneumograph. “A” is the re- for stronger contractions. 

corded curve of contraction ; line “B” shows the The duration of contractions varied considerably 
duration of pain as recorded by the patient when from time to time in the same patient in various 
she pressed the key of the signal magnet; and stages of labor, and showed no tendency to in- 
curve “C” is the estimated intensity of pain. The delivery approached. This is in agree- 

first contraction was recorded in the early part of observations of Murphy (9) who 

the first stage of labor, the second during the mid- reports a decrease in average contraction time as 
die of the first stage, and the third cun'e during ^^f>or advances, 
the second stage. It will be seen that the pain in discussion 

each case was of shorter duration than the con- The first questions to be answered were whether 
traction, which is in contrast with the findings in or not the method of dolorimetry was applicable to 
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!;;• n:r.irii;rt})r';5[ (-if j'.iin ititcfisity iti I.-ihar, ntid, 
t: '.viin^ v.rrr tiir lisnitaliotu- of {he incliu'd. 


I'Etr j 



; 0 ‘;r {han •'■O*.'! trial tests resultinj; iji 55 sur- 
tr.r.'i'ttrert’.rrus «'f pain iiUensily (ui 13 pa- 
:.'.ahli'‘u''. the turtltod as a jiractical one 
;v: .r ni i:!vestira{if>ri. However, this sliidv 
attempt {‘> he a cntnplrte survey since it 
't iiu'Itt'lc exatuplrs of the many types of 
;:•! <ls” t»v.-i,-i th.at ntay hr foinul in the oh- 
,r.’r- practice. Mcavurenumts can he made 
:t am, patimt v/lm can cooperate. 'I'he ef- 
(;i't?.u’ti";t .and lach of cooperation can he 
rr.' hy tin- iarye and rapid variatiotjs in 
•, o; paiti intensity. AlthfUtyh the data are 
I from* subjective comparison.^ of paitt in- 


irmitv, t!;r test instnmient alTord.s an evaluation 
of th.r patirn-t’’. report over which the patient has 


;;o cor'.trol. 

"t'r.e m. '-t in\p->rtat:t iimitation of the method is 
tV.e infsictitu; of hums when hit;h psaiti iuten.sitles 
arc mc.a'-urc.'I. .\ .second limitation is that mcas- 
mcrnet'.ts cammt he made in the face of distrnc- 
tiori and lack of ooperatinn. The patient mu.st he 
willim; atul able to make cornpari.son.s of her pain- 
ful sensation.s with those induced hy thermal 

• timuli. 


1. Pain intensity 

In every patient studied tlir pain iritem.ity in- 
crca.scd as the labor {iroyrr.ssrd (h'iynre .I). -M- 

thniiyh few ohservatinus arc avail, aiih' dnrin.y tiir 
fir.st (piartcr of the first .stayr of hh tr it can hr 
.safely as.siinu'il that these (i.ain.s were of a mild in- 
tensity, averayiny probably not more tli.ao ono or 
two dols. I’ain in the s'-cond qiiart'-r of the .dr. t 
stayc was moderate, aver.ayiny hr'wern tiiree and 
five dnls. nnriny the thirr! (juarter liir (lain (>: 
most patients averayed hrlwern five and seven 
dols, which is a severe pain. It wa-. at this point 
that most patients n.skerl for relief. In tin: IrC 
((uarler, the pain was hetween seven and ten do!^. 
The second staye of labor was charaelericed hy tin: 
the most severe pains, lO'/L- dols, .acconu’atiyiny' 
the “heariny down.” After delivery the fiaim, oh- 
servetl in the fourth staye of labor were nyain of 
mihl intensity. 

An apiiro.ximatc corrtdation conic! he made be- 
tween the intensity of tlic pain and the extent of 
the cervical dilatation. Thus, when the patient 
wa.s cxjjcrienciny juin of ten dobs it was found that 
the cervix was fully dilated, and if the pain was of 
one or two dols’ intensity the cervix was ob.scrvcd 
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Fig. S. Diagram of the Pain Pathways of Importance in Childbirth 
First stage of labor; Visceral afferents arising in plexi enervating uterus, cervix and vagina; path- 
way: Frankenhouser’s ganglion (F.G.) into hypogastric plexi (I.H.P., M.H.P., and S.H.P.) thence 
through the celiac plexus (C.P.), the superior and inferior mesenteric and aortic plexi (S.M.P., 
LM.P., and A.P.) and the sacral plexus (S.P.) into spinal outflow from T6 to S4. 

Second stage of labor; Visceral afferents plus somatic afferents via the pudendal nerve. 


to be almost closed. However, a much more quan- 
titative relationship appeared to exist between the 
pain intensity and the interval between contrac- 
tions. 

The relationship observed between the contrac- 
tion interval and the intensity of pain provides a 
simple method for computing the pain from meas- 
urements of this interval. Thus, 

Dols of pain = 10.5 — 1.5 X contraction inter- 
val in minutes. 

This formula may not apply generally, of course,' 
to all cases, although it has been observed to be 
valid in our series of patients without analgesia. 

2. Character and origin of pain 

During the early part of the first stage of labor 
the pain was of short duration and of a dull aching 


quality, and was associated with a uterine contrac- 
tion of relatively low intensity (see Figure 4, 
Curve 1). The visceral structures involved in 
producing this pain are deep and noxious impulses 
probably reach the central nervous system via the 
sympathetic and parasympathetic afferents (10) 
as diagrammed in Figure 5. As the cervix di- 
lated and the uterine contractions became stronger 
the pain assumed a sharper quality. It had been 
noticed in other studies of pain intensity that 
bright, burning pain and dull, aching pain have a 
tendency to become similar. That is, a burning 
pain had an aching quality and an aching pain be- 
came sharp (3). This was also true of labor 
pains. 

The ceiling pain was not reached until the be- 
ginning of the second stage at which time the so- 
matic perineal structures were involved. These 
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superficial structures are innervated chiefly by 
the pudendal nen^e (10), as shown in Figure 5, 
and the most intense pains are caused by the 
stretching and tearing of these tissues, with ac- 
companying stimulation of the perineal reflex and 
considerable increase in intrauterine pressure 
(10). Curve 3, Figure 4, shows a recording of 
the onset of the reflex which is apparently in- 
hibited periodically, possibly by the intense pain. 
Superimposed on the low uterine component of 
the pressure wave were spikes of great pressure 
from the perineal reflex. The duration of the 
pain at this time was almost as long as the contrac- 
tion. 

Figure 6 shoAVS a plot of the pain intensity in 
dols against the uterine contraction in minutes. 
The connection between the contraction interval 
and uterine effort has been established by the 
tocographic measurements of Murphy (9) and 
others (11), and while it cannot be assumed that 
the tocographic measurements are necessarily rep- 
resentative of intrauterine pressure, they appar- 


ently do represent the uterine hardness and thereby 
offer a measure of the uterine spasm (12). The 
uterine pressure in millimeters as estimated from 
Murphy’s work is plotted to the right in Figure 6, 
and it can be seen that the pain intensity in dols is 
also proportional to the uterine pressure in milli- 
meters, measured on Murphy’s tocograph. This 
evidence, as well as the clinical observation that 
dilatation of the cervical canal causes severe pain, 
supports the conclusion that the pain in the first 
stage of labor is largely due to the distention of the 
internal os and the cervical canal as a result of the 
increased intrauterine pressure caused b}' uterine 
contractions. 

3. Reactions to pain 

During the early hours of labor there were gen- 
erally few complaints and the patients were alert 
and interested in the study. There was no sweat- 
ing. Two patients did not fall into this pattern, 
Mrs. O soon began to show hostility to the entire 
experimental team in spite of expressing many 


UTERINE 



Ordinate at the right of diagram represents Murphy’s tocographic measurements of 
uterine pressure. 
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times prior to admission her desire to participate 
in the study. ' Cajoling and persistence made it 
possible to carry on the study and in spite of this 
difficulty the pain measurements obtained were in 
the range of those for the more cooperative pa- 
tients. Mrs. U cried and complained with vigor 
from the outset although her pain measurements 
indicated only two to four dols. This patient suc- 
ceeded in becoming so excited that no further ob- 
servations could be made in her case. 

Late in the first stage 11 of the 13 patients were 
sweating and crying with each contraction, and 
were cooperating only with difficulty. Pain was 
severe at this time, seven to ten dols. One pa- 
tient, Mrs. A (see Figure 2), gave little evidence 
of her pain. As a multipara her labor was short 
and this may account for her restraint in the face 
of pains measured at eight to ten dols. Fatigue 
was as important as pain intensity in bringing 
about a breakdown in the restraint most of the pa- 
tients maintained over their actions. Thus, in her 
short labor, Mrs. A gave less visible evidence of 
pain at eight dols than did the other patients with 
longer labors at four dols. 

The evidence of this study is that the reactions 
of the patient depended partly on the pain and to a 
greater extent on fatigue, anxiety, and, in some 
cases, hostility, whereas the pain intensity as 
measured was related to the uterine activity and 
dilatation of the cervical and perineal tissues. It 
seems important, therefore, to make a clear dis- 
tinction between the intensity of the pain perceived 
by the patient and visible evidences of reaction to 
pain, such as complaining, groaning and crying 
out. These findings bear out the clinical impres- 
sion regarding the psychological factors affecting 
the behavior of patients in labor. However, by 
measuring the intensity of the pain it is now pos- 
sible to evaluate more fully the effects of pre- 
conditioning (as in “natural childbirth”) and re- 
assurance, as well as the action of analgesia upon 
pain sensation in the obstetrical patient. Further 
studies are planned to include an appraisal of sug- 
gestion and hypnosis. 

SUMMARY AND CONCLUSIONS 

1. Four hundred test readings, resulting in 55 
measurements of pain intensity, were made on 13 
patients during the first, second and fourth stages 
of labor without analgesia. The measurements 


were made by comparison of the labor pains with a 
pain of standard intensity which was produced by a 
three-second exposure to thermal radiation on the 
dorsal surface of the right hand. The pain evoked 
on the hand had been previously standardized into 
10^4 units of painfulness (10% dols) between the 
threshold pain and the most intense pain which 
can be experienced (ceiling pain). 

2. The pain intensity was observed to change 
with the progress of labor as follows : 

a. First stage — 

First quarter — threshold to two dols 
Second quarter — three to five dols 
Third quarter — five to seven dols 
Fourth quarter — -seven to ten dols. 

b. Second stage — Ceiling pain, ten to ten and 

one-half dols. 

c. Fourth stage — Intensity from three to five 

dols to near threshold value in about two 
hours after delivery. 

3. The intensity of the pain in the first stage of 
labor was roughly proportional to the extent of 
cervical dilatation and inversely proportional to 
the duration of the interval between uterine con- 
tractions. Pain intensity can be estimated approxi- 
mately by the formula: 

Dols = 10.5 — 1.5 X contraction interval in min- 
utes. 

4. The duration of pain was 15 per cent of the 
contraction time for the weak contractions charac- 
teristic of early labor, and 95 per cent of the con- 
traction time at the beginning of the second stage 
of labor. 

5. The pain threshold was measured in the in- 
terval between contractions in the first, second and 
fourth stages of labor. It was within the normal 
range for all the patients who had received no 
analgesia or anesthesia. 

6. The intensity of the pain experienced by the 
patient could not always be evaluated on the basis 
of her reaction, nor correlated with her apparent 
distress. Distinguishing between the intensity of 
the pain perceived by the patient and the patient’s 
reaction has been made possible by measurements 
of pain intensity and pain thresholds. 
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Studies of tlie effects of streptokinase and 
desoxyribonuclease from hemolytic streptococci on 
certain pathological processes, reported' in an ac- 
companying paper (1), necessitated the develop- 
ment of quantitative methods suitable for routine 
laboratory assay of the various substances known 
to affect the streptokinase-plasminogen (strepto- 
coccal fibrin-lysing) system. Methods were de- 
vised, or earlier methods modified, for the routine 
assay of streptokinase (streptococcal fibrinolysin), 
antistreptokinase (antifibrinolysin), serum inhib- 
itor (serum trypsin inhibitor), and plasminogen 
(serum protease, serum fibrinolysin, serum tryp- 
tase). 

MATERIALS 

1. Crude streptokinase:^ The method used for 
production of streptokinase is based on one previ- 
ously published (2), but differs principally in the 
use of ethanol as a precipitant rather than am- 
monium sulfate. 

Cultures of Group C strain H46A are grown in 
the presence of high glucose concentration, em- 
ploying intermittent neutralization with NaOH 
in the manner previously reported (2). The 
yields of streptokinase and desoxyribonuclease 
from a typical culture are presented in Figure 1. 
It will be noted that the peaks of enzyme pro- 
duction coincide with the peak of glucose utiliza- 
tion. As incubation is continued, both strepto- 
kinase and desoxyribonuclease levels decline. 
For this reason it is best to begin harvesting of 
the culture shortly before glucose utilization 
ceases. 

^This study was supported in part by a grant from 
toe Life Insurance Medical Research Fund and the Ralph 
B. Rogers Rheumatic Fever Fund. 

We are greatly indebted to Dr. Benjamin Carey and 
^ r. J. N. Adam, Jr. of the Lederle Laboratories Divi- 
sion of the ^American Cyanamid Company for supplying 
arge quantities of crude streptokinase for these studies. 


At the end of the growth period the cells are 
removed by Sharpies centrifugation at about 
40,000 rpm. The supernatant is adjusted to pH 
3.8-4.2 by the addition of glacial acetic or hy- 
drochloric acid. Cold ethanol at — 8° C is added 
to the supernatant at room temperature to a final 
concentration of 40-50%. After standing over- 
night in the cold, the practically clear supernatant 
is siphoned off and the flocculent precipitate, which 
contains the streptokinase and desoxyribonucle- 
ase, is collected by centrifugation at 2,000-3,000 
rpm. The precipitate is dissolved in borate buffer 
with the aid of alkali, adjusted to pH 7.8-8.0, and 
lyophilized. This precipitate contains the cells 
not sedimented by Sharpies centrifugation, vari- 



HOURS 

Fic. 1. Relation of Streptokinase and Desoxy- 

RIBONUCLEASE PRODUCTION TO GROWTH (EXPRESSED AS 

Ml. 5N NaOH Added to Neutralize Acid Formed) 

^ Desoxyribonuclease. 

ous streptococcal proteins, some media compon- 
ents, nucleic acids, streptokinase and desoxyribo- 
nuclease. 

2. Purified streptokinase: The purification pro- 
cedure is a modification of an earlier method (3). 
A 2-5% solution of crude streptokinase is made 
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in borate buffer, pH 7.8-8.0. Cells and insoluble 
debris are spun out at 16,000 rpm in a refrigerated 
angle centrifuge. Occasionally a significant por- 
tion of the activity is also spun down by this 
treatment. If this is the case, the precipitate is 
resuspended and made alkaline to thymol blue 
(above pH 9). The solution is then adjusted to 
pH 7.8-S.O and centrifuged. Following this 
treatment the activity remains in solution. The 
supernatants are pooled and diluted with distilled 
water to a nitrogen content of about 0.25-0.50 
mg./ml. and sufficient Pillimer’s acetate buffer is 
added (4) to reduce the pH to 5.6. Sufficient 
1% protamine® solution in distilled water is 
added to cause the formation of a flocculent pre- 
cipitate (usually about 1 ml./5-lO mg. nitrogen). 
The protamine precipitate is spun out in a re- 
frigerated angle centrifuge at 4,000-5,000 rpm. 
The supernatant should show no further precipi- 
tation on testing with protamine, but care should 
be used to avoid any great excess of protamine, 
since it will complicate later purification steps. 
The supernatant is cooled to about 0° and ethanol 
at - 10° to - 20° is added to a final concentra- 
tion of 20%. On standing overnight at - 8° to 
— 10° a flocculent precipitate forms which is 
spun off in an angle centrifuge in the cold. The 
precipitate is dissolved in borate buffer, pH 7.8- 
8.0. Some insoluble material remains in suspen- 
sion, but in most cases little activity is associated 
with it; and it can be removed by centrifugation, 
resulting in little or no decrease in total activity, 
but a decrease of about 50% in total nitrogen. 
The clear solution usually contains between 100 
and 180 units of streptokinase per microgram of 
nitrogen. Recovery usually represents about 
25% of the original activity of the culture, some 
50% of the original activity being lost during the 
initial Sharpies centrifugation. Desoxyribonu- 
clease, which has accompanied streptokinase m 
the previous purification steps, is separated from 
streptokinase by the 20% ethanol fractionation. 

sources of protamine have been tested In 
• ^nncktently good results are obtained 

■ E K and Sons to generous gifts of protamme. 


Practically all of the desoxyribonuclease activity 
remains in the supernatant. 

The purified streptokinase is sterilized by fil- 
tration through Seitz or Selas filters, lyophilized 
and stored in the refrigerator. Solutions remain 
stable for several weeks if not too dilute and if 
kept in the cold. 

3. Streptococcal desoxyribonuclease: As men- 
tioned in previous reports (5-7), streptococcal 
cultures contain a potent desoxyribonuclease. 
In the original method of purification (2) using 
ammonium sulfate, both enzymes were found in 
the same fraction. However, they are readily 
separated since streptokinase is precipitated at pH 
5.6 by 20% ethanol or 50% ammonium sulfate, 
while the majority of the desoxyribonuclease re- 
mains in solution. In the present study, d'esoxy- 
ribonuclease was prepared by bringing the 20% 
ethanol supernatant of the above protamine-puri- 
fied streptokinase precipitate to 40-50% ethanol. 
The precipitate which forms overnight in the cold 
is collected by centrifugation and dissolved in the 
gelatin-magnesium-veronal buffer recommended 
for desoxyribonuclease titration by McCarty (8). 
The preparations usually contain insoluble ma- 
terial, with which is associated some of the de- 
soxyribonuclease activity. The clear supernatant 
obtained by centrifugation of the material, how- 
ever, contains a significant proportion of activity. 

Up to the present time methods have not been 
perfected for the quantitative isolation of the en- 
zyme from streptococcal cultures and recovery 
represents only a fraction of the amount in the 

TABLE I 

Fractionation of streptokinase and desoxyribonuclease 
from streptococcal cultures 

Total units 


Fraction 

Streptokinase 

Desoxyribo- 

nuclease 

(i) original culture 

1.75X10® units 

5.25 X10‘ units 

(2) after Sharpies cent- 
rifugation 

1.5X10® 

4.1X10® 

(3) alcohol precipitate 
of culture super- 
natant 

1.2X10®* 

3.0X10® 

(4) 20% alcohol ppt. of 
protamine superna- 
tant 

1.38X10® 

0.1X10® 

(5) 40% alcohol ppt. of 
(4) supernatant 

0.01X10® 

1.8X10® 


* This vajue is somewhat lower than the true value 
because sufficient time for reversal of the inactivation, 
which occurs in the neighborhood of pH 5 (3), was not al- 
lowed before titration. 
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original culture. This loss is due apparently to 
the instability of the enzyme. 

In Table I are presented the data obtained in 
a typical purification experiment. 

4. Bovine fibrinogen: For reasons to be dis- 
cussed later, human fibrinogen preparations were 
considered unsuitable for assay purposes. Ar- 
mour’s Fraction I of bovine plasma,^ a commercial 
product, has been found to be quite suitable for 
our purposes, since it contains no antistreptolci- 
nase, serum inhibitor or plasminogen activatable 
by streptokinase. The dry powder is stored in the 
refrigerator and dissolved in borate buffer, pH 
7.4-7.6, in appropriate concentrations before use. 
Solutions are reasonably stable and generally re- 
main usable for six to eight hours if kept cool. 

5. Plasminogen: No satisfactory preparation 
of plasminogen is available. The purer prepara- 
tions with which we are familiar, such as Howard 

, Fraction 111-2,3 (9), contain plasmin as well 
as plasminogen and proteolytic products of fibrin. 
The cruder preparations, prepared by salt frac- 
tionation (2), isoelectric precipitation (2, 10) or 
ethanol fractionation, such as Harvard Fraction 
III (11), contain a variety of substances, some 
of which undoubtedly influence the streptokinase- 
plasminogen reaction.; However, reproduceable 
results have been obtained in these laboratories 
by using a single lot of Harvard Fraction III.® 
For use, the material is made up in borate buffer 
in a concentration of 0.25%. The solutions must 
be used immediately, and kept in an ice bath, be- 
cause some spontaneous plasmin activity will de- 
velop in a few hours. However, when used as 
outlined, we have noted no variation in the plas- 
minogen titer of the dry material in over a year. 

6. Standard antistreptokinase: A pool of Har- 
vard Fraction II-III was fractionated by Har- 
vard method 9 (12). Fraction II, the antibody 
fraction, was lyophilized and stored in a vacuum 
dessicator.® Assay of the material with strepto- 

* We are indebted to Dr. J. B. Lesh of Armour Labora- 
tories for supplying the Fraction I used throughout this 
study. Fraction I is an ethanol fraction of bovine plasma 
and consists largely of fibrinogen. 

.5 'WTe are indebted to Dr. Dwight Mulford, Division of 
Biologic Laboratories, Massachusetts State Department 
of Health, for supplying a large lot of Fraction III iso- 
lated from a single pool of plasma. 

® The author wishes to express his indebtedness to Dr. 

Williams and associates of the Department of 


kinase indicated that 1 mg. would inhibit the ac- 
tivity of 10 units of streptokinase, when tested by 
the method outlined below. The material was as- 
signed, therefore, a value of 10 antistreptokinase 
units per mg., and used throughout these studies 
as a primary standard to check the constancy 
of the streptokinase unit and of the antistreptoki- 
nase titrations. 

7. Crystalline trypsin: A solution of commercial 
crystalline trypsin, obtained from the Plaut labor- 
atories, is prepared in N/400 HQ. The stock 
solution contains 0.1% of the dry powder, of 
which about 50% is magnesium sulfate. The 
concentration of active trypsin in the solution is 
determined by titration with soybean inhibitor, as 
outlined below, and appropriate dilutions for use, 
usually containing 20 ytg. of active trypsin per 
milliliter, are made up in borate buffer immedi- 
ately before use. 

8. Crystalline soybean inhibitor: A stock solu- 
tion of Kunitz’ crystalline inhibitor^ (13), con- 
taining 2 mg./ml. of inhibitor, was prepared in 
borate buffer. Appropriate dilutions are mad'e 
up in borate buffer, pH 7.4-7.6, before use. 

9. The preparation of other reagents, such as 
borate buffer and gelatin buffer, have been de- 
tailed in previous reports (2, 14). 

METHODS 

1. Streptokinase assay: Many methods have 
been described for streptokinase assay, utilizing 
clots prepared from human fibrinogen (15-18). 
These methods depend on the presence of plas- 
minogen as a contaminant of the fibrinogen prep- 
arations, since, as Milstone (10) has shown, 
highly purified human fibrinogen will not lyse 
in the presence of streptokinase unless another 
serum factor (lysin factor, plasminogen) is added. 
In our experience, methods utilizing human 
fibrinogen are unsuitable for long-term routine 
use. The principal disadvantage is the variation 
from batch to batch in the fibrinogen-plasminogen 
ratio obtained with different methods of prepa- 

Physical Qiemistry of the University of Wisconsin for 
making facilities available and for help in the preparation 
of various plasma fractions. 

’■ Dr. M. Kunitz kindly supplied us with a preparation 
of crystalline soybean inhibitor for use as a standard, 
and made available his assay methods in advance of 
publication. 
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ration, and even with the same method. For ex- 
ample, in our experience ethanol fractions of 
plasma, such as Harvard I, contain less plas- 
minogen than do the salt fractionations previously 
used in this laboratory (2), as shown by the fact 
that clots treated with streptokinase will lyse 
much more readily if the fibrinogen is prepared 
by salt fractionation rather than the ethanol. 
Also, human fibrinogen preparations are unstable, 
due to the spontaneous conversion of plasminogen 
to plasmin. Another difficulty in the use of hu- 
man fibrinogen is the presence of variable amounts 
of antibody globulin in the preparations. While 
this occasions no particular difficulty with most 
samples of normal plasma whatever the rhethod 
of fractionation, we have encountered occasional 
lots of plasma with such high titers of antistrepto- 
k-inase that they were unusable. 

For these reasons, we have modified the test by 
the substitution of clots prepared from bovine 
fibrinogen (Armour’s Fraction I). The bovine 
fibrinogen contains no plasminogen or plasmin, as 
shown by the fact that such clots, without added 
protease, will remain stable for days in the pres- 
ence or absence of streptokinase. Antistrepto- 
Icinase and inhibitor titrations indicate the absence 
of these substances also. As a source of plas- 
minogen we have used a single large lot of Har- 
vard Fraction III. The fibrinogen concentration 
used is O.lfo, as in previous reports, and the con- 
centration of Fraction III is adjusted to give a 
streptokinase unit equal in value to the one pre- 
viously employed in this laboratory (3). The 
streptokinase assay is performed as follows: 


0.1 ml. streptokinase dilution in gelatin buffer 
0.4 ml. bovine fibrinogen, 0.25% m borate 

buffer , , „ 

0.5 ml. Fraction III, 0.25% m borate buffer. 

(This solution must be prepared just before 
use, andl should be kept on ice) _ 

0.1 ml. Lederle Hemostatic Globulin, diluted 

1 : 3 in borate buffer. 


Hemostatic Globulin has recently become un- 
•I Wp Parke-Davis bovine thrombin may be substi 
vaihble. ^ thrombin. They are less stable 

uted as well as ^ ^hen in solution in borate 

han Hemostatic titrated frequently to deter- 

and form a Brm dot 

?£= p'e”s are more sfoble in *cerol solution, 
L, we have not used glycerol soluttons. 


The tubes are incubated at 35° and the lysis time 
of each tube of the series noted. The dilution 
lysing the clot in 10 minutes contains one unit and 
is determined by interpolation as outlined in a 
previous report (3). . 

2. Antistreptokinasc: The antistreptokinase 
unit is defined as the amount of antibody re- 
quired to inhibit 1 unit of streptokinase to such 
a degree that it will not activate the plasminogen 
sufficiently to cause lysis of the standard test clot 
in 30 minutes. Other methods of antistrepto- 
kinase assay have been presented (15, 18-20) but 
no general agreement has been reached on a 
method. We have thought it preferable to base 
the antibody unit on the method of streptokinase 
titration used in this laboratory. In order to 
have a primary standard of reference throughout 
the study, a lot of Fraction II, the gamma globu- 
lin fraction of human serum, was prepared and 
lyophilized. This preparation contained 10 anti- 
streptokinase units per mg., and has been used as 
a reference standard for streptokinase and anti- 
streptokinase titrations. Standardization of strep- 
tokinase with standard antibody is performed 
as follows: 

0.5 ml. streptokinase dilutions in gelatin buffer, 
pH 7.6-7.8 

0.5 ml. standard antibody solution, containing 
2 antistreptokinase units per ml. (The anti- 
body solution is heated at 56° for 30-45 
minutes to destroy the small amount of 
of plasminogen and inhibitor which it con- 
tains.) 

The mixture of streptokinase and antibody is 
incubated at 35° for 30 minutes. At the end of 
this time, the following reagents are added: 

0.5 ml. of a 0.25% solution of Fraction III 

0.5 ml. of 0.5% bovine fibrinogen 

0.1 ml. Hemostatic Globulin, diluted 1 : 3. 

The tubes are incubated for another 30 minutes 
and the highest dilution of streptokinase which 
fails to lyse the clot is taken as the end point. 
A solution of crude or purified streptokinase 
standardized in this manner should show no sig- 
nificant change in titer over a period of a week or 
two if the streptokinase concentration is above 
about 2,000 units per ml. for the crude and above 
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10,000 units per ml. for the purified. More di- 
lute solutions are not quite so stable, probably 
because of denaturation occurring in dilute pro- 
tein solutions. However, in practice, the strep- 
tokinase solution is standardized every day or two. 

In determining the antistreptokinase titer of 
serum the serum must be heated at 56° for 30-45 
minutes to destroy the plasminogen and inhibitor 
which it contains. As may be seen in Table II, 


TABLE II 

Effect of healing serum at 56° Cfor 30 minutes on 
serum inhibitor and antistreptokinase 


Serum 

number 

Inhibitor equivalent to 
micrograms trypsin 

Antistreptokinase 

before 

heating 

after 

heating 

before 

heating 

after 

heating 

1 

1000 

100 

128 

128 

2 

500 

80 

64 

64 

3 

1000 

-80* 

64 

32 

4 

667 

100 

64 

32 

5 

667 

-80* 

128 

64 

6 

667 

-80* 

16 

8 

7 

1800 

120 

2560 

2560 

8 

800 

48 

3200 

3200 


* Inhibitor equivalent to less than 80 pg. 


heating reduces the inhibitor concentration by 
approximately 90%, and produces no significant 
change in the antibody titer. A more valid rea- 
son for heating the serum than for the inactivation 
of inhibitor is to destroy plasminogen, since if 
this is not done, in the case of sera with a low 
antibody content, the tubes containing the low- 
est dilutions of serum will lyse the standard clot 
because of the activation of the plasminogen in 
the serum by uncombined streptokinase. 

The inactivated serum is titrated for anti- 
streptokinase as follows: 

0.5 ml. inactivated serum dilution 

O.S ml. streptokinase solution, diluted in gela- 
tin buffer to contain about 1-2 units. 

The tubes are incubated for 30 minutes, and the 
remainder of the titration carried out as above. 
The end point is taken as the highest dilution 
of serum preventing lysis of the clot, and con- 
tains antistreptokinase equivalent to the strepto- 
kinase in the test. 

3. Serum inhibitor: A number of methods have 
been devised in the last few years for the quanti- 
tative estimation of serum inhibitor (14, IS, 21- 


23). These methods, however, have certain dis- 
advantages for routine use. 

Kunitz (13) has shown that crystalline soybean 
inhibitor undergoes an immediate, stoichiometric, 
irreversible reaction with trypsin, and that active 
trypsin can readily be determined by titration of 
the amount of soybean inhibitor necessary to 
inhibit the proteolytic activity of the trypsin sam- 
ple, since the two are equivalent, weight for 
weight. Schmitz (24) has isolated a small 
amount of inhibitor from serum which he con- 
cluded was probably identical with the pancreatic 
inhibitor. It has also been shown (14) that 
serum and pancreatic inhibitor behave in the 
same way toward trypsin and toward plasmin, al- 
though the two inhibitors behave toward trypsin 
in a quantitatively and perhaps qualitatively dif- 
ferent manner than they behave toward plasmin. 
In view of these facts it was decided to determine 
the inhibitory power of serum in terms of its 
ability to inhibit trypsin rather than plasmin. 
Additional reasons influencing this decision were 
as follows : (a) crystalline trypsin is readily avail- 
able and easily standardized, whereas no plasmin 
preparations of comparable purity are known; {b) 
tiypsin is much more susceptible to the action of 
inhibitor than is plasmin; and (c) active trypsin 
can be conveniently stored in a stable solution 
(in M/400 HCl) while plasminogen and plasmin 
preparations are very unstable (14, 25, 26), 

Standardization of trypsin with soybean in- 
hibitor is carried out as follows : 

O.S ml. freshly prepared dilutions of stock tryp- 
sin in borate buffer, pH 7.4-7.6 

0.5 ml. soybean inhibitor, usually containing 

10 /ig. 

1.0 ml. bovine fibrinogen, 0.2% in borate buffer. 

The tubes are incubated for 10 minutes at 35°. 
At the end of this time 0.1 ml. of Hemostatic 
Globulin, diluted 1:3, is added and the formation 
of clots noted in 5-10 minutes. The method is 
based on Ferguson’s (27) procedure for the 
fibrinogenolytic assay of tryptases. The lowest 
dilution of trypsin in which a clot forms contains 
trypsin equivalent to the soybean inhibitor in the 
test. It is necessary to allow the trypsin to act 
in the absence of Hemostatic Globulin because 
the Hemostatic Globulin preparations used con- 
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tain some trypsin inhibitor.® An advantage to 
this procedure, however, is that the addition of 
Hemostatic Globulin stops all tryptic activity, so 
that once the clots are formed, they are stable. 
Any desired range of trypsin concentration can 
be titrated by this method by using appropriate 
concentrations of inhibitor in the test. The sen- 
sitivity obtained depends on the interval between 
successive trypsin dilutions. 

The inhibitor concentration of serum is deter- 
mined as above with the substitution of dilutions 
of serum for the soybean inhibitor and the sub- 
stitution of a fixed amount of active trypsin, usu- 
ally about 10 fig., for the trypsin dilutions. The 
tube containing the highest dilution of serum in 
which a clot forms on addition of thrombin con- 
tains serum inhibitor equivalent to the trj^psin in 
the test. Results are expressed as micrograms 
of active trypsin inhibited by 1 ml. serum. 

The accuracy of the fibrinogenolytic test was 
compared with the method of ICunitz (13) for de- 
termining trypsin inhibitor, with results as shown 
in Table HI. 


TABLE III 

Comparison of methods for serum' inhibitor determination 
Inhibitor equivalent to micrograms trypsin 
inhibited per ml. serum 


Serum 

number 

1 

2 

3 


Kunitz 

method 

520 

490 

590 


Fibrinogenolytic 
method 

500 
500 
660 


4. Plasminogen: Plasminogen determinations of 
serum are of doubtful accuracy because plasmino- 
gen cannot be separated quantitatively from serum, 
nor can the interfering substances, antistrepto- 
kinase and serum inhibitor, be removed or de- 
stroyed without loss of plasminogen. However 
in sLples of sera which are not abnormally high 
in antibody or inhibitor, the relative concentra- 
tions of plasminogen can be determined by acti- 
vating with streptokinase and determining e 
least amount of activated serum necessary to Ipe 
a standard clot. The details of the determination 

are as follows: 

0.5 ml. serial dilutions of serum in borate buf- 
fer 


-Hemostatic Globulin is no longer 

9 As noted „,j.„eriments with the more highly- 

ivailable. Preliminary Parke-Davis indicates that 

3urified bovine Preparation of ParRe 
they contain little or no inhibitor. 


0.1 ml. streptokinase solution, previously stand- 
ardized as outlined below 
0.4 ml. bovine fibrinogen, 0.5% in borate buffer 
0.1 ml. Hemostatic Globulin, diluted 1 : 3. 

The highest dilution of serum lysing the clot in 30 
minutes at 35° represents one unit of plasmin, 
or plasminogen. 

It is necessary to activate the plasminogen in 
the presence of substrate, because, if this is not 
done, the total protease activity declines rapidly, 
probably because of the two-fold effect of auto- 
digestion (25) and combination with serum in- 
hibitor. Activation in the presence of substrate 
appears to minimize these effects. Since the ac- 
tivation of plasminogen by streptokinase appears 
to be a catalytic reaction (2, 14, 28-31) it will be 
most efficient when an excess of streptokinase is 
used. A large excess of streptokinase ivould also 
prevent interference with the reaction by the 
antistreptokinase contained in variable amounts 
in practically all human sera. When attempts are 
made to use maximal amounts of crude strepto- 
kinase to activate serum plasminogen, an inhibi- 
tory effect is noted. This inhibitory effect of un- 
diluted, concentrated crude streptokinase is due, 
probably, to the presence in crude streptokinase 
preparations of a protease inhibitor (14) which 
decreases in amount as streptokinase is purified. 
When purified streptokinase is used to activate a 
serum, maximum protease activity is obtained 
with the highest concentration of streptokinase, as 
shown in Table IV. 


TABLE IV 

Plasminogen activity of serum activated with various 
concentrations of purified streptokinase 


Purified streptokinase 
dilution 

undiluted 

1:10 

1:100 

1:1000 


Highest dilution of serum 
causing lysis in 30 minutes 

5120 

5120 

1280 

160 


In addition to the absence of an inhibitory effect 
of high streptokinase concentration when using 
purified material, it can be seen from the data in 
Table V that the activity obtained is considerably 
higher than with the crude material. It is obvious, 
therefore, that activation with purified material 
is the method of choice. Unfortunately, it has 
not been possible in the past to obtain sufficient 
purified material for all requirements of the stud- 
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ies involved in these reports. Therefore, protease 
determinations were made with selected batches 
of crude streptokinase, titrated to determine those 
lots and dilutions which would give the highest 


are presented tlie results obtained by using the 
methods described above. 

TABLE VI 

Anlistreplokinase levels in various sera 


TABLE V 

Relation between maximum plasmin activity developed 
in serum by crude and purified streptokinase 

Maximum plasmin activity 


Crude Purified 

etrepto- strepto- 

Serum kinase kinase 

L (6-19-48) 1280 3200 

L (7-16-48) 640 1600 

S 320 1280 

B 160 1280 

F 320 2560 


values ivith normal sera. Such lots were set 
aside and used in all the protease determinations 
reported in the present studies. The results ob- 
tained, while not representing the maximal val- 
ues, are useful as a measure of the relative plas- 
minogen content of sera. The validity of this as- 
sumption is borne out by the observation (Table 
V) that a direct relation exists between the maxi- 
mum amount of protease activity obtained on the 
activation of serum with crude and with purified 
streptokinase. 

5. Desoxyribonuclease : The determination is 
carried out as described by McCarty (7), except 
that drop in relative viscosity is measured over 
a 10-minute instead of a 20-minute period of in- 
cubation. A unit is defined as the amount of en- 
zyme necessary to cause a drop of 1 viscosity unit 
in 10 minutes at 30° in a reaction mixture con- 
sisting of 2.4 ml. of desoxyribose nucleic acid and 
0.1 ml. enzyme solution. The substrate consisted 
of a 0.15-0.2% solution of thymus desoxyribose 
nucleic acid in veronal buffer. The nucleic acid 
was prepared as described by Mirsky (32). Dif- 
ficulty was encountered with the nucleic acid 
solutions in that a spontaneous drop in viscosity 
was noted. This effect could be eliminated by 
heating the nucleic acid solution to 56° for about 
an hour. The heated solution, when used in the 
reaction mixture described above, had an initial 
relative viscosity of 4—5 units. 

RESULTS 

1. Antistreplokinase: Evidence is abundant that 
an antibody to streptokinase appears following 
streptococcal infection (18, 33-36). In Table VI 


Scrum 

1 

No. 

samples 

Antistreptokinase units 

Mean 

Range 

Normal 

14 

36 

4-80 

Infants (under 1 year) 

9 

8 

0-29 

Rheumatic fever 

8 

1302 

100-4200 

(children) 




Streptococcal pharyn- 

3 

92 

80-115 

gitis 

Tuberculous pleurisy 

22 

87 

2-400 

Dog 

3 

102 

72-156 

Monkey 

1 

66 


Cow (pool) 


8 


Horse (pool) 


4 


Chicken 

1 

1 

32 

! 



Direct evidence that antistreptokinase is pro- 
duced in humans following injection of strepto- 
kinase has been obtained in the present series of 
studies and is reported more fully in the accom- 
panying paper (1). In Table VII are shown the 
antibody titrations in the serum of two patients 
following the intrapleural injection of purified 
streptokinase. The antibody responses seen in the 
two patients reported in Table VII are perhaps 


TABLE VII 


Rise in anlistreplokinase following intrapleural 
injection of purified streptokinase 

Patient 


M. H. (female) 

Date 

6/8 (200,000 SK in- 
jected intrapleurally) 
6/11 
6/17 
6/22 

Patient 
C. L. (male) 

5/13 (50,000 units Sk in- 
jected intrapleurally) 
5/17 (100,000 units SK) 
5/20 
6/9 
6/22 
7/2 


ASK units 
20 

80 
5120 
over 10,000 


40 


5120 
over 10,000 
over 10,000 
5120 


somewhat more rapid than is usual as a primary 
response to the injection of an antigen. The 
rapidity of the response, however, is probably due 
to the fact that the response is an anamnestic one, 
since it will be noted that both patients had a titer 
before injection of streptokinase. In fact, all hu- 
man sera tested have had some antibody, even 
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with no known history of streptococcal infection. 

2. Sc7’um whibUor: The values obtained for a 
variety of sera are presented in Table VIIL Re- 
sults are expressed as micrograms of active trypsin 
inhibited by 1 ml. of serum. 


TABLE vm 

Scrum inhibitor levels of scrum from man and animals 


Scrum 


Scrum inhibitor as micro- 
grams trypsin inhibited 
No. of rcr ml. 

samples 


Normal adult 

Infants (under 1) 

Rheumatic children 

Pulmonary tuberculosis 

Carcinoma 

Leukemia 

Chicken 

Rabbit 

Horse (pool) 

Dog 

Guinea pig 


Mcnn 

Range 

655 

100-1200 

613 

420-1024 

760 

570-900 

1035 

660-1500 

883 

600-1333 

1096 

842-1350 

264 


400 


765 

670-860 

365 


2125 

1750-2500 


The data presented are obviously too scanty to 
warrant the drawing of conclusions. However, 
the finding that the value is elevated in chronic 
wasting diseases such as tuberculosis and malig- 
nancies is in accord with many earlier observa- 
tions on serum inhibitor (see Grob [21] for 


references). 

The values for animal sera tested ^ he withm 
the range of normal human values, with the ex- 
ception of guinea pigs, which, at least m the few 
specimens tested, have an abnormally high value. 


TABLE IX 



No. of 

specimens 

Units of plasminogen 

Serum 

Mean 

Range 

Normal adult 

Rheumatic children 

Tuberculosis 

Carcinoma 

8 

3 

6 

1 

c 

572 

960 

4053 

2560 

576 

160-1280 

320-1280 

1280-5120 

320-640 

Non-rheum. H. U- 

1 1 
2 1 

Less than 10 units 

Chicken 

Less than 10 units 

Monkey 

3 

Less than 10 units 

Cattle (pool) 

1 

Less than 10 units 


Of B are sig- 

rheumabc d. Id • to the higher plasminogen 

ir;hXd for rheumatics (Table IX) ,s ol 


importance, suggesting the possibility that the in- 
hibitor might serve a role in relation to plasmino- 
gen. However, when one considers the inhibitor 
and plasminogen values obtained with animal 
sera, no relationship appears to exist, since the 
inhibitor level is high while the amount of plas- 
minogen activatable by streptokinase is negligible. 

3. Plasminogen : The deficiencies of the method 
for plasminogen determination have been dis- 
cussed above. The results obtained are presented 
in Table IX. 

In spite of the deficiencies of the method, the 
results obtained with normal sera have been rea- 
sonably uniform, the great majority of them show- 
ing levels of 320 or 640 units. Retitration of a 
single serum, .or titrations of successive bleedings 
of the same individual show a variation of no 
more than one tube in the series. The higher 
values obtained with certain of the patients un- 
der investigation {e.g., tuberculous and carcino- 
matous) probably represent an increase over 
normal, even though the method of titration does 
not give maximal values for any serum. If these 
values are artifacts and do not represent an in- 
crease of total plasminogen over normal, it is 
difficult to account for the results, since the two 
substances in serum known to influence the re- 
action, serum inhibitor and antistreptokinase, 
would both tend to decrease, rather than increase 
the plasminogen values. 

SUMMARY 

A method for purification of streptokinase de- 
scribes conditions for obtaining high yields from 
bacterial cultures. Protamine is used to remove 
impurities and streptokinase is separted from 
desoxyribonuclease with cold ethanol at 20% 
concentration. The desoxyribonuclease is pre- 
cipitated with 40-50^ cold ethanol. The yield 
of streptokinase is about 25% and the product so 
obtained has been used in clinical studies. 

Methods are briefly described for the quanti- 
tative estimation of streptokinase, antistrepto- 
kinase, serum inhibitor, serum plasminogen, and 
desoxyribonuclease. These methods were em- 
ployed to make a survey study of various sera. 
There is a marked rise in antistreptokinase ac- 
tivity following intrapleural injection of strepto- 
kinase in human beings. Serum from the normal 



STREPTOKINASE AND STREPTOCOCCAL DESOXYRIBONUCLEASE 


171 


adult contains more antistreptokinase than serum 
from the infant and tlie level is strikingly high in 
rheumatic fever. In various species the concen- 
tration decreases in the following order : dog, 
monkey, man, chicken, cow and horse. Serum 
inhibitor levels show elevations in wasting dis- 
eases, and in the animals studied the guinea pig 
has an exceptionally high inhibitor titer. The 
method for plasminogen determination presents 
difficulties but it appears that there may be a 
marked increase in patients with tuberculosis. 
The concentration in chicken, monkey, dog, and 
cattle appears to be low. 

Serum can be heated at 56° C for 30 minutes 
to destroy serum inhibitor but antistreptokinase 
is not destroyed. 
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The results described in this article were ob- 
tained by the injectioit of concentrated and par- 
tially purified preparations derived from broth 
cultures of hemolytic streptococci into the pleural 
cavity of selected patients tvho were suffering 
from different types of diseases that gave rise to 
pleural exudations. The possibility has been ex- 
plored of utilizing two of the defined properties 
elaborated by hemolytic streptococci that have the 
unique capacity of causing rapid lysis of the solid 
elements (fibrin and nucleoprotein) that are sig- 
nificant parts of exudates. In a companion ar- 
ticle, (Christensen (1) has described additional 
steps in the purification of the materials employed 
and has given quantitative methods of measure- 
ment of various increments concerned in the 
fibrinolytic system, including trypsin inhibitor and 
specific antibodies, which have been employed in 
this study. 

In the study of patients it was first necessary 
to : (a) develop the investigation within non- 
toxic but effective ranges of doses of the material 
employed, and (b) determine whether or not the 
enzymatic activities of the streptococcal products 
were effectively operative when introduced di- 
rectly into the site of the disease in the patients. 
This article is essentially limited to findings that 
are pertinent to the two aspects of the study men- 
tioned above. 

A brief description of the two streptococcal 
products that have been the subject of the in- 
vestigation is as follows: 

I. Streptococcal fibrinolyshi (2) (Strepokinase') 

This .has been found to be elaborated character- 
istically by strains of hemolytic streptococci 
(Group A) causing acute infections in patients. 
It is also produced by some strains of strepto- 

^ This study was supported by a grant from the Na- 
tional Institute of Health, United States Public Health 
Service. 


coccal groups C and G (3). The product is 
abundantly excreted into the culture medium in 
which the organisms are grown and is readily ob- 
tainable free from the bacterial cells in sterile 
filtrates. ' i 

The fibrinolytic action, in tests conducted un- 
der optimal laboratory conditions, is unusually 
rapid in action on the fibrin coagulum of normal 
human blood, requiring only a few minutes when 
whole plasma is employed as a source of fibrin, 
and an even shorter time when preparations of 
fibrinogen and thrombin of human origin are 
used. The ultimate proteolytic nature of the 
fibrinolysis has been evident in the liberation of 
breakdown products of protein digestion (4). 

Another interesting feature of the phenom- 
enon is the high degree of activity of the strepto- 
coccal lytic system in the presence of normal hu- 
man blood as contrasted with its inaction or de- 
layed effect when tests are conducted with the 
blood of various animal species with the exception 
of monkeys (3). Although studies of factors in- 
volved in streptococcal fibrinolysis have indicated 
a basis for the differences in the behavior of blood 
from different animals, nevertheless the existence 
of the difference has rendered impossible most 
experimental studies, m vivo, on animals and has 
limited them to observations conducted in pa- 
tients, such as those initially described in this 
article. 

The mechanism of the reaction has been a sub- 
ject of study by various investigators. 

In an earlier report (2) it was noted that fibrin 
formed from mixtures of either human fibrinogen 
and rabbit thrombin, or of rabbit fibrinogen and 
human thrombin were susceptible to streptococcal 
lysis, whereas the fibrin derived from rabbit 
fibrinogen plus rabbit thrombin was unaffected. 
Milstone (5) demonstrated that an increment of 
human serum present in the euglobulin fraction, 
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was necessary for tlic reaction to occur and that if 
preparations of human fibrinogen and thrombin 
were highly purified no lysis would occur when 
the streptococcal product was added. Further- 
more, if this human globulin fraction was added 
to fibrin made up of rabbit components, lysis oc- 
curred. He referred to the euglobulin constituent 
of human blood as “lysing factor” and suggested 
that streptococcal fibrinolysis was mediated by the 
same system as that involved in other examples of 
fibrinolysis, 

Christensen (4), and Christensen and Mac- 
Leod (6) have presented results concerning the 
mechanism, and have concluded that the strepto- 


coccal product to which they have given the name 
streptokinase acts as a catalyst or kinase in caus- 
ing the transformation of a zymogen of normal 
human blood, designated by them plasminogen, 
into a proteolytic enzyme, designated plasmin. 

Kaplan (7) has made extensive studies on 
several aspects of the mechanism of the strepto- 
coccal fibrinolysin-serum protease system. Hiese 
studies have in part dealt with the dissimilarity 
of serum protease and trypsin and also with the 
inhibition of streptococcal fibrinolysis by antipro- 
tease. The findings are predicated upon the 
kinase nature of the action of the streptococcal 
product and the identity of the protease of serum 
as the lysing principle. Ratnoff (8) , studying^ a 
proteolytic enzyme in human plasma, gave special 
attention to the fibrinolytic system activated by 
the streptococcal product and obtained data indi- 
cating that the activation of plasma proteolytic 
enzyme by streptococcal fibrinolysin behaved as 
if it involved a stoichometric reaction. This 
finding implies that the streptococcal product may 
take an active part in the lytic system rather than 

exert only a catalytic effect. _ 

Without developing the discussion of the mech- 
anism it is sufficient to state that the objective 
demonstration of changes in constituents of 
pleural exudates that have been effected by the 
Sreptococcal fibrin-dissolving system, acting 
within the pleural cavity of patients, cons itutes 
lefinitive results around which this report cen- 
ters The conditions, unavoidably inherent in 
he several factors that may be simultaneously op- 
erative in association with the processes of dts- 
oatients, makes it impossible at the 
^rXCanaiyae and identity the ntecha- 


nism of fibrinolysis that may be responsible for 
the end results that we have observed. 

Nomenclature. The fibrinolytic principle de- 
rived from hemolytic streptococci is referred to 
in this article as streptokinase. The kinase type 
of action of the streptococcal product has been 
consistently observed by several investigators. 
However, whether or not its complete activity 
is solely that of kinase remains to be determined. 

The tana fibrin-lysing system has been employed 
as an objectively descriptive expression which 
avoids the different recommendations of various 
investigators (6,9-11). The. activatable fibrin-ly- 
sing system may be closely identified with the 
plasminogen of Christensen and MacLeod (6), 
and the active fibrin-lysing system with their 
term plasmin. 

II. Streptococcal desoxyribonuclease 

In recent articles the occurrence of desoxy- 
ribonucleoprotein in significant amounts in puru- 
lent empyematous fluids was reported (12) and 
its depolymerization by a desoxyribosenuclease 
found to be present in the concentrated strepto- 
coccal filtrates was also described (13). 

The solid sediments of the samples of pus were 
found to contain as much as 30^o to 70% nucleo- 
protein. Since the physical characteristics of 
desoxyribose nucleoprotein are fibrous and gel- 
atinous, the similarity of its appearance to that 
of fibrin became a matter of importance in identi- 
fying the dual enzymatic systems with which we 
were dealing ; namely, fibrin substrate in the 
fibrinolytic system, and nucleoprotein substrate 
acted upon by nuclease. In each instance rapid 
liquefaction of the respective solid substrate 
occurred. 

Each of the substrates mentioned has been 
identified in varying amounts in different types of 
pleural exudation. For example, empyema! pus 
of bacterial origin is high in its content of nu- 
cleoprotein, which is presumably derived from 
the leucocytes, while the constituent most con- 
spicuously present in hemothorax is fibrin. Fi- 
brinous pleural exudates such as may be en- 
countered in association with pneumonia, pul- 
monary neoplasm, and other diseases, or the ef- 
fusions of tuberculous pleurisy have been studied 
chiefly for the fibrinolytic effect, although from 
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observations on preparations of the exudates 
stained by the Feulgen method (12), it is evi- 
dent that varying amounts of nucleoprotein are 
present. 

Streptococcal concentrates - 

The preparations employed in this study have been pre- 
pared by Christensen according to the method of partially 
purifying the concentrated filtrates of hemolytic strepto- 
cocci previously described and further elaborated in the 
accompanying article (1, 14). A strain of hemolytic 
streptococcus {H46A) belonging to Lancefield Group C 
has been employed. This strain is potent in its produc- 
tion of both streptokinase and desoxyribose nuclease (13) 
and most of the lots of concentrated filtrate used in this 
study have possessed both properties. In addition it 
seemed reasonable to assume that since the strain (a 
group C) was not of patient origin its products might 
presumably be least likely to contain other noxious, but 
as yet unidentified, increments associated with acute in- 
fections in man and would, therefore, be more desirable 
for preparing material to be used in patients than would 
a Group A fibrinolytic strain. All the partially purified 
and concentrated preparations, with one exception, that 
were introduced into patients, contained both streptokinase 
and nuclease. In an additional preparation used in a 
single patient with hemothorax, the content of nuclease 
was reduced substantially by Christensen (1) but the 
streptokinase activity remained unimpaired. 

The dosage of streptokinase has been based upon a unit, 
developed and described in the accompanying article by 
Christensen (1). The dosages per patient are given in 
the individual protocols. In general they ranged from 
20,000 to 400,000 units. The concentration per cubic 
centimeter ranged from 2,000 to 40,000 units. The total 
dose was usually contained in 10 cc. of normal saline 
solution. 

The desoxyribonudease content of the various prepara- 
tions of streptococcal concentrates has not yet been elab- 
orated so extensively as that of streptokinase. Christensen 
(1) has suggested a unit basis which is at present being 
employed. In general the concentrates contained a ratio 
of approximately 6,000 units of nuclease to 15,000 units 
of streptokinase. The nuclease was of special significance 
in the cases of empyema, and the dosage is given in the 
description of the results obtained in that group. 

_ Toxicity of streptococcal concentrates. Among the in- 
itial studies (2) concerned with the characterization of 
the streptococcal fibrinolytic phenomenon, preliminary 
observations (unpublished) were made with respect to 
the skin reactivity of active filtrates derived from strains 
of fibrinolytic streptococci. Following intracutaneous in- 
jections, areas of local erythema developed that simulated 
the type of a positive reaction elicited by the erythrogenic 
scarlatinal toxin. However, by comparative tests in 

- Lcderle and Co. have cooperated by growing large 
volumes of culture and supplying the filtrate in its initial 
concentrated form. 


which both scarlatinal toxin and fibrinolytic filtrates were 
injected into Dick positive and Dick negative individuals, 
no correlation was detected. From the limited observa- 
tions, it seemed reasonable to assume that- the primary 
toxicity of the fibrinolytic filtrate was due either to the 
fibrinolytic principle itself or to some contaminating prod- 
uct other than the established erythrogenic toxin of 
hemolytic streptococcal origin. 

When the recent concentrates prepared by Christensen 
(1) in the process of purifying the streptococcal fibrinoly- 
sin were being considered for introduction into patients, 
intradermal tests were performed. Although the concen- 
tration of streptokinase was increased many hundred-fold 
over the preparations of earlier use, the degree and fre- 
quency of erythematous reactions were found not to be 
any greater than those previously encountered nor to be 
related to the concentration. 

Samples of the concentrates were then injected intra- 
muscularly. No reactions occurred that were detectable 
by the development of local redness, tenderness or swell- 
ing, or as a generalized pyrogenic effect. When increas- 
ingly large concentrations failed to produce untoward 
effects intramuscularly, small amounts were introduced 
intrapleurally into patients with empyema, inflammatory 
pleural effusions, or hydrothorax. 

Without describing the details of the progressive ob- 
servations following intrapleural injections it may be 
stated that as the procedures of purification and concen- 
tration conducted by Christensen developed, the evidences 
of toxicity have diminished in relationship to amount 
injected. The studies have, therefore, up to the present 
time indicated that the primary toxicity of the fibrinolytic 
principle or the accompanying desoxyribonudease is not 
great and that the transient pyrogenic reaction may be 
due particularly to contaminating substances still present 
in even the purest preparations now available. 

The manifestations of toxicity when they occurred have 
consisted of a pyrogenic reaction beginning approximately 
six to eight hours after the injection, reaching its peak 
of a rise of one to four degrees at 24 hours after injection 
and decreasing gradually over the next 24 to 72 hours to 
the pre-injection level which in some instances was a 
normal temperature and in others was elevated prior to 
the injection due to the underlying disease. General 
malaise accompanied- the febrile period. Nausea and 
gastro-intestinal discomfort were noted in some patients. 
Local pain, although never severe, was present in some 
instances, and not in others. 

An outpouring of polymorphonuclear leucocytes oc- 
curred which was demonstrable 24 hours after the injec- 
tion and decreased to the pre-injection level within the 
next two to ten days. The increase in the leucocyte 
counts ranged from 1,000 to 25,000 cells per cubic centi- 
meter. 

The general pyrogenic reaction together with individ- 
ual symptoms as mentioned, and the local outpouring of 
cellular constituents did not follow any uniform or cor- 
related pattern, since all of the manifestations were not 
present to the same degree and some of them were 
entirely absent. In several instances in which two injee- 
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tions were given, the first may have caused a reaction 
while the second elicited no toxic response, or the first 
was silent and the second evoked some reaction. Fur- 
thermore, the occurrence of reaction was not clearly 
related to dosage of concentrate. 

In this study a total of 34 injections was given to 23 
patients. Utilizing a rise of 1° F in fever as an indi- 
cation of a reaction — and irrespective of whether or not 
the patient was febrile before the injection— on 17 (50%) 
occasions a pyrogenic response was noted. 

The degree of reaction appeared to be most directly 
related to the nature of the patient’s disease. In instances 
where considerable thickening of the pleura was present 
or other circumstances that may have impaired the ab- 
sorbing surface, minimum or no toxic reactions occurred. 
In other cases where the contrary situation of a thin 
pleura or presumably a relatively freely acting absorbing 
surface was present, the reactions as described were more 
consistently noted. 

Other factors that may participate in the reaction in 
a manner as yet undetermined are the breakdown prod- 
ucts derived on the one hand from the fibrinogen and 
fibrin system and, on the other hand, from the nucleo- 
protein system through the action of nuclease. No spe- 
cific information on this phase of the subject is available 
except the fact that the toxic reaction, whatever its exact 
cause may be, was a transient one of the classical brief 
pyrogenic type without any residual effects. No indica- 
tion of chronic alterations of an untoward nature have 
been evident. Because of the implications of hemolytic 
streptococci in relation to rheumatic fever and acute 
hemorrhagic nephritis, detailed examinations for their 
possible presence have been frequently made with uni- 
formly negative findings. 

It has been of special importance to make preliminary 
tests with each new lot of purified concentrates made 
available for use in patients by injecting a small amount 
intrapleurally and noting the degree of reaction. When 
the reaction appeared to be relatively greater than would 
be expected from the small dose, the lot was not further 
employed m the study of patients. This precautionary 
procedure of selecting individual preparations for intra- 
pleural use has been regularly adhered to, and, as a result, 
no contraindications for the development of the study 
have been encountered. 


PROCEDURE 

Observations on Patients. In the study of patients 
numerous quantitative determinations have been made on 
samples of exudate obtained prior to the injection of 
streptococcal concentrates and at stated intervals there- 
after usually one hour, 24, 48, 72 hours, etc., according to 
the nature of the case and the findings _ , . , . ^ 
The tests and procedures employed have included the 
following: fibrinogen, N.P.N., total protein, formal titra- 
tion amrant of sediment, viscosity, pH, volume of pleural 
Ludate free streptokinase, activatable fibrin-lysmg sys- 
tem active fibrin-lysing system, trypsin inhibitor, and 
pacific anti-fibrinolytic antibody (anti-streptokmase). 


Cytological studies, including total and differential 
counts, determination of motility and viability of cells 
and the appearance of Feulgcn-stained preparations for 
the purpose of identifying intra- and extracellular de- 
soxyribose nucleoprotein have also been made. These 
results will be referred to briefly in this article and be 
reported in detail in a subsequent communication. 

The technical procedures in each instance have been 
as follows: 

Streptokinase litre, activatable fibrin-lysing system 
(equivalent to plasminogen), trypsin , inhibitor, and 
anti-streptokinase litre were determined on chest fluid 
according to the methods described by Christensen (1). 
Active fibrin-lysing systcjn (equivalent to plasmin) was 
determined as follows: To 0.1 cc. samples of chest 
fluid, brought to neutral pH, were added 0.5 cc. of 
0.25% Bovine Fibrinogen (Armour) in 0.01 M saline 
phosphate buffer (pH 7.4), and 0.5 cc. of 0.25% 
Human Plasma Fraction III (Cohn) in saline phos- 
phate buffer. One tenth ml. of 1/3 dilution of Lederle 
Hemostatic Globulin (or 1/500 dilution of Parke Davis 
Bovine thrombin) in saline phosphate buffer was then 
rapidly added. The tubes were incubated in a water bath 
at 37". One tenth cc. of saline instead of chest fluid was 
used for controls. The time of complete lysis of tlie 
fibrin clot was noted. Since the lysis of fibrin in the 
absence of extra increments of streptokinase was rela- 
tively slow and, therefore, could not be expressed in 
the same unitage scale, the results were expressed as 
0 — l-f-f-f as follows: 

lysis up to one hour -f -f-f-f 
lysis one to six hours +-f-h 
lysis six to 24 hours -f-+ 
lysis 24 to 48 hours -f- 

lysis 48 to 72 hours but no lysis in controls ± 

No lysis 0 

Estimations of the degree of activity of the fibrin- 
lysing system with respect to time have proved impor- 
tant since the period required for lysis, in vitro, re- 
flected to some degree the activity of the process, in 
vivo, which was significant with respect to changes in 
the exudates that continued for several days after tlie 
initial injection. 

Amount of sediment: Wintrobe hematocrit tubes were 
filled to the mark with a heparinized sample of chest 
fluid and centrifuged at 2,500 rpm for one hour. The 
results are expressed as per cent. 

pH was determined on separately collected heparinized 
samples by glass electrode after chest fluid was allowed 
to equilibrate with room temperature. A previously 
determined temperature correction for the instrument 
used was applied, so that the results are expressed as 
pH at 37° C. 

Viscosity: The viscosity of thin fluids was determined on 
heparinized samples in an Ostwald viscosimeter at 
37° C. The viscosity of thick purulent fluids was 
determined with an LV model Brookfield electric 
viscometer at 37® C. 
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Total protein and M.P.N'. were done on the supernatant 
of centrifuged oxalatcd specimens of chest fluid. The 
total protein was determined by Kjcldahl digestion and 
ncsslerization. The N.P.N. was determined by diges- 
tion and ncsslerization of a trichloracetic acid filtrate. 
The results arc expressed as milligrams per cent for 

N. P.N., and grams per cent for total protein. 

Fibrinogen \ras determined on the supernatant of centri- 
fuged oxalatcd specimens. Fivc-cc. samples were di- 
luted to 30 cc. with normal saline, to which were added 

■ 1 cc. of 2.5% CaCIj solution and 1 cc. of a 1/100 dilu- 
tion in normal saline of Parke, Davis Bovine Thrombin. 
The tubes were then placed in the refrigerator over- 
night The clots were removed with a stirring rod, 
washed with distilled water, and the nitrogen deter- 
mined by digestion and ncsslerization. The results are 
expressed as milligrams per cent. 

Forniol titration: Ten-cc. samples of heparinized fluid 
were brought to pH 7.0 by addition of either 0.1 N 
NaOH or 0.1 N HQ. Five cc. of 40% formaldehyde 
were added, and the mixture titrated with standard 

O, 1 N NaOH by glass electrode to pH 8.6. The vol- 
ume of alkali necessary to bring 5 cc. of 40% formalde- 
hyde to pH 8.6 was subtracted from the titration. The 
results are expressed as cubic centimeters of 0.1 N 
NaOH per 100 cc. of chest fluid. 

Volume of pleural fluid: Since information concerning 
the volume of pleural effusions was desirable, the fol- 
lowing method was developed. The fluid volume was 
determined in pleural transudates and non-purulent 
exudates by injecting known quantities of T-1824 and 
sampling the pleural fluid from IS to 60 minutes there- 
after. This method is not applicable to purulent em- 
pyemas where a significant portion of the dye is bound 
to the sediment of the fluids and probably to the shaggy 
pleural surface, but quantitative determinations on non- 
purulent pleural effusions have yielded satisfactory 
results. 

RESULTS 

Twenty-three patients have been studied fol- 
lowing the injection of amounts of streptoepp^ 
cal concentrates sufficiently large to bring 
about definitive and measurable biochemical and 
biophysical changes in the area of exudation at the 
site of the injection. Although the general plan 
of study has been the same in all instances tlie 
presentation of the results has been arranged ac- 
cording to a grouping of the cases based on the 
types of exudates which were present in the 
pleural cavities of the patients. The changes that 
have been effected by the concentrates have been 
found to bear a relationship to the character of 
the exudates. 

The three major groups were: acute fibrinous 


pleurisy, bacterial empyema, and hemothorax.® 
Group J. Acute fibrinous pleurisy, 13 patients. 

Five cases of tuberculous pleurisy with effusion. 

Six cases of primary or metastatic malignant 
pulmonary neoplasm with pleural effusion. 

Two cases of congestive heart failure with 
pleural effusion. 

Figure 1 contains data derived from serial de- 
terminations of fibrinogen and nonprotein nitro- 
gen made on seven patients before and after the 
introduction of streptococcal concentrate. The 
dosages, given in the figure, ranged from 20,000 
to 200,000 units of streptokinase, and approxi- 
mately 20 to 200 units/cc. chest fluid. Three of 
the patients received a second injection. 

The fibrinogen represents the chief parent pro- 
tein (plus an undetermined amount of solid 
fibrin) that was acted upon by the fibrin-lysing 
system, and the N.P.N. represents the end-prod- 
uct of the local proteolysis. 

The findings in each of the seven patients dem- 
onstrate the rapidity of the beginning decrease 
in measurable fibrinogen and increase in N.P.N., 
the samples taken as early as one hour after the 
injection revealing changes in the values of each. 
In patient W. H., for example, the immediate drop 
in fibrinogen was from 41 to 20 mgm.%, and in 
patient J. G., from 108 to 26 mgm.^. The con- 
comitant rise in N.P.N. in patient W. H. was 
from 45 to 52 nigm.%, and in patient J, G., from 
31 to 41 mgm.%. 

In five of the seven patients of the charted 
group, a further drop in fibrinogen was noted in 
the specimen obtained 24 hours after the injection, 
and in each of the seven the N.P.N. either con- 
tinued to rise or maintained a higher level than 
that of the pre-injection figures. 

Three of the patients received a second injec- 
tion of streptococcal concentrate ; patient C. L. re- 
ceived 100,0(X) units of streptokinase four days 
later, patient E. H. received 40,000 units of strep- 
tokinase three days later, and patient J, G. re- 
ceived 200,000 units of streptokinase three days 
later. In each case there was a further abrupt 

® The authors wish to acknowledge the cooperation and 
many helpful suggestions which they have received from 
the Attending and Resident Medical and Surgical Staffs 
of the Qiest Service of Bellevue Hospital, Dr. J. Bums 
Amberson, Director. 



WILLIAM S 


. tillett and sol sherry 



5 

^ I tiu ^ 3 ^ \m. 

„Bb™o=«ha»»NJ.N.Cohce««»™k: 

ABBV SISKIOKW^ Pt.UBAB EW«®>-" 

” O' »"'V.e cw.s, Sbrinosen 

OF, THE CHEST I-E ^ ^ (mgin.%). „( 

The crosses repr. rnntiwing lytic “Ctta" i“™f 


^ [i— TS' 25 3 d “5 


X »•*'-' — 

• P N. iollow- 
fflrinogen and nse » N.P-N 

injection. ^ content was 

.seam*Wch*e.ffln™»^^ g 

,r long pcf ols °t »’ 

pleural fiaid found to ic- 

>'• . Tl Se i= 

^evioQ 


and the circles, uua,....o- 

Conti-- 

evident by the ^ Furtbennore, the fibr 

lysing system the appearan 

nogen levels re independent of t1 

of antistrept— of tbe 3 
reappearance o -dd ^^^ther e:. 
tivatable fibrin y S y ,^^^^1 area. It m 

^:;:SenirtSr=":cessa.?lor.Hee.^^^^^^^^ 


STREPTOKINASE AND STREPTONOCLEASE EPEeCT IN PATIENTS 


179 


additional fibrinogen to occur into the area of 
pleurisy, or slow proteolysis may have continued 
but at a rate not determinable by our present 
methods. 

There were in the patients several uncontrolla- 
ble factors that altered the serial findings as they 
extended over several days. For example, when 
the patient's disease was in an acute active state, 


there was a continuing increase in the effusion to- 
gether with the inflammatory constituents. When 
the disease was stationary or subsiding, the con- 
tents of the pleural cavity were not substantially 
altered during the period of observation. In ad- 
dition, the variable degree of local irritation 
caused either by the injection material itself or 
the breakdown products of proteolysis contributed 



Fig. 


2. The Effect of Intrapleurally Injected Streptokinase on the Free 
Active Fibrin-lysing Systems of the Chest Fluid of Five Patients 


Streptokinase, Activatable 
with Fibrinous Exudates 


AND 


In the graphs for each patient, in the top sections the crosses represent the activatable fibrin-lysing system (units/ 
(units/cc ) ^ active fibrin-lysing system; in the lower sections, the circles represent free streptokinase 
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DAYS 


Fir 3 The Anti streptokinase Titre in Pleural Effusions Following Intrapleural Administration of 
■ ■ Streptokinase in Five Patients with Fibrinous Pleural Exudates 

Streptokinase was injected at zero time. 


an additional- increment of exudate. Further- 
more, the rate of absorption of the newly formed 
non-protein nitrogen proceeded at variable rates. 
Consequently, the figures obtained by analysis of 
the exudate were only relative with respect to 
total proteolysis. 

In spite, however, of the variables outlined 
above, the intrapleural degradation of fibrinogen 
in significant amounts following each injection o 
the streptococcal concentrates has uniformly oc- 
curred in each of the patients in this senes, as 
well as in those of the other groups. The extent 
to which solid preformed fibrin underwent lysis 
was not measurable but its breakdown undoubtedly 
contributed to the N.P.N. that was liberated^ 

In some of the patients, estimations of blood 
N P.N. were done but no significant rise above 

^ levels was noted, the rate of absorption 

t °om t Ple««' 

“xte 2 concern three 

• 1 rprl in the streptococcal fibrin-lysing 

''““‘““ely: free streptoHnase, and both the 
system, nam y fibrin-lysing system, 
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They are recorfed f»r h 

fibrinous pleurisy S 


obtained from most of the patients studied of 
all the groups. 

Prior to injection the amount of activatable 
fibrin-lysing system present in the pleural exudate 
was approximately the same as that found in 
normal serum but within one hour after the in- 
jection of streptokinase striking changes occurred 
in the elements of the fibrin-lysing system of the 
pleural exudate. When streptokinase was intro- 
duced, the activatable elements of the lytic sys- 
tem were replaced by active increments which 
were demonstrable immediately following injec- 
tion but progressively disappeared during the 
next 24 to 48 hours. This implies that once the 
system assumes the active form it is subsequently 
destroyed, or disappears through combination 
with substrate. Its replenishment must await, 
through further exudation from the general cir- 
culation into the local area, the addition of new 
components of the activatable system which were 
rapidly depleted following the introduction of 
streptokinase. The rate at which the replenish- 
ment occurred has depended upon factors that 
control the reformation of exudate. In the series 
of cases used in this study, it has been demon- 
strable within a few days. These findings indi- 
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J.G.- FIBRINOUS EXUDATE 


lU 



Fig. 4. The Effect of Two Intrapleural Injections of Streptococcal Concentrate in a Case of Tu- 
berculous Fibrinous Exudate on the Fibrinogen, N.P.N., Formol Titration, Total Protein, Free Streptoki- 
nase, Active and Activatable Fibrin-lysing Systems, and the Antistreptokinase Titre 
100,000 units of streptokinase were given in injection l,and 200,000 units in injection 2. 


cate the self-limiting nature of the activity fol- 
lowing a single injection of streptokinase. 

In our observations trypsin inhibitor has not 
changed after streptokinase injections and the 
results indicate that this inhibitor plays little 


part under these circumstances in the inactivation 
of the system. 

An excess of free streptokinase was found to be 
present one hour after the injection hut was not 
demonstrable 24 to 48 hours later. The extent 
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to w]iicli it may be dissipated by combinin" di- 
rectly with substrate, or l)y inactivation I)y some 
inliiI)itor, or by neutralization with specific anti- 
body is not at present determined. Also suggested 
by the data in I’igure 2 is the finding of active 
fibrin-lysing elements only in the presence of 
free streptokinase. This observation may have 
a bearing on the mechanism of the phenomenon 
as it occurs in exudates and will be given further 
study. However, once the activatable s 3 'stem has 
been depicted, new increments of free strepto- 
kinase alone j^roduce very little new active fibrin- 
lysing elements. 

The develojMnent of specific antifibrinolytic an- 
tibodies following acute streptococcal infections 
has been previously demonstrated (15, 16). That 
the injection intrapleurally of streptococcal con- 
centrates containing streptokinase also evokes the 
specific antistreptokinase response has been men- 
tioned by Christensen (1), and was observed in 
connection with the earlier injections which were 
made primarily to estimate degrees of toxicity. 

In Figure 3 evidence is presented from five 
cases of the develoinnent of antistreptokinase anti- 
bodies that were demonstrable in pleural exudates 
and followed intrapleural injections of streptococ- 
cal concentrates. 

The rise in titre in the exudates occurred be- 
tween the sixth and 11th days and was noted si- 
multaneously in the serum. 

The exact significance of the presence of spe- 
cific antibody in nullifying the action of the 
fibrin-lysing system in local areas is not at pres- 
ent clearly established. Subsequent reference will 
pg j-j^^de to this point in connection with patient 
A. M. of Figures 7 and 8. 

Figure 4 is presented for the purpose of demon- 
strating the total findings with respect to their 
correlation obtained serially in a single patient. 
In addition to the data described in Figure 1 
(fibrinogen and N.P.N.) and Figure 2 (activa- 
table fibrin-lysing system, active fibrin-lysing sys- 
tem, and free streptokinase) and Figure 3 (spe- 
cific antistreptokinase), measurements of total 
protein and formol titratable substances are in- 
cluded. 

The patient, J. G., had acute fibrinous pleurisy 
of tuberculous origin which had been active for 
ten weeks when first studied. Fie received two in- 
jections of streptococcal concentrate, the first con- 


taining 100,000 units and the second, three days 
later, containing 200,000 units of streptokinase. 

The individual findings arc comjiarable to 
those presented in lugures 1 to 3 and they dem- 
onstrate the rising and falling changes jircviously 
described. The fibrinogen drojis and the N.P.N. 
rises; the activatable fibrin-lysing S 3 ’stcm drops 
as it is rapidly transformed into the active fibrin- 
l 3 'sing .system which attacks the fibrinogen and the 
local deposit of fibrin ; anti.streptokina.se being 
evident in increased titre in the exudate on the 
11th da3L 

The lotol proteins have exhibited no quantita- 
tive changes. The 3 ' have been determined in 
grams rather than milligrams as has been the case 
with fibrinogen. This is in agreement with 
Christensen’s findings (unpublished) of little or 
no in vitro digestion of serum albumins or globu- 
lins. 

The formol titrations which have risen coin- 
cident with the rise in N.P.N. after each injec- 
tion were of the same magnitude and probabl 3 ^ 
represent further evidence of the intrapleural 
breakdown of fibrinogen and fibrin. 

The findings in the case of patient J. G. of 
Figure 4 are similar to those obtained in each 
of the other cases of Group I. In addition to the 
results noted in Figures 1 to 4, the following ob- 
servations have been noted in this group of pa- 
tients. The pH of the chest fluids fell significantl 3 ^ 
(0.2 to 0.3 units) in 24 hours after the injec- 
tion of the streptococcal concentrate, slowly re- 
turning to the control values, and has been con- 
sidered as part of the phenomenon of increased 
proteolysis. Small but significant falls in viscosity 
were noted, which are consistent with the break- 
down of the long eccentric fibrinogen molecules 
and depol 3 'merization of an 3 '^ small amounts of 
desox 3 a-ibosenucleic acid that may be present. 
Twenty-four to 48 hours after injection, the sedi- 
ment increased from 0.5^ to 2.0%, then slowly 
decreased OA^er the next two to ten days to the 
control levels. This appeared to be directly re- 
lated to the increased cellular content occurring 
in the pleural fluids in association with the local 
irritation. As noted earlier, no significant changes 
in the amount of tiq’psin inhibitor were found in 
the samples of pleural fluid. Finally, the values 
for actir^atable fibrin-l 3 'sing system, tiypsin in- 
hibitor and antistreptokinase Avere found to agree 
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'If,. 5 . The Effect of Streptococcal Concentrate (Containing Approximately 160,000 Units of Desoxv- 
mbonuclease and - 100,000 Units of Streptokinase Injected Intraplecrally), in a Case of Mixf;i) Tl'dercl'- 

ON THE AcTIVATABLE AND AcTlVE FiBRIN-LYSING SYSTEMS, FreF, StREPTOKINASE, FoRMOL TiTRATION, 
^ • -N,, \ iscosiTY, and ,Sediment of the Chest Fluid 

lie .litnking change in the cliaracter of the fluid is seen in the accompanying photo (Figure 6 ). 
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closely for both chest fluid and scrum jirior to the 
injection of streptococcal concentrates. The de- 
crease noted in the activatahle fibrin-lysing system 
after streptokinase injections occurred onl)' locally 
since no changes in this value occurred in the serum 
at any time. Antibody changes, however, as pre- 
viously described, were evident simultaneously 
both locally and in the general circulation. 

Group II. Cases of baeferial euipyaua. Eight 
patients. 

Four cases of mixed infections associated with 
tuberculous empyema and bronchopleural 
fistula. 

One case of empyema due to Friedlander’s 
bacillus. 

One case of pneumococcal (Type XVII) 
empyema. 

One case of post-pneumonic empyema (sterile). 

One case of empyema due to anaerobic strep- 
tococcus. 


Interesting diflferences were observed between 
the constituents of purulent empyemal fluid and 
those of acute fibrinous pleurisy. For example, 
fibrinogen has not been found to be present in 
the purulent material aspirated before the in- 
jection of the concentrates. The supernatant por- 
tion of centrifuged specimens failed to produce 
coagulum when thrombin was added. It seems 
probable that the formation of fibrin had previ- 
ously occurred to a considerable degree at the 
site of infection and depleted the exudate of its 


fibrinogen. 

In the empyemal group, the presence of de- 
soxyribose micleoprotein as a significant portion 
of the granular sediment was regularly noted, 
and, as previously reported (12), constituted from 
30i to 70fo of the total solids. In addition, al- 
though not recorded in detail in this article, prep- 
arations stained by the Feulgen method have re- 
vealed the presence of nucleoprotem occurring 
extracellularly as fibrous reticulum, granules, and 


amorphous plaques. • , . ,.1 

In Figure 5 comprehensive data are presented 

concerning one of the patients with empyema. 
4 -- T H had chronic pulmonary tu- 

be’rXS witi' 

draining thoracotomy, and a m.xed empyema 
After .^pirating a sample of pus strep, oco^ 
concentrate contai.ting approx, mately 160,000 


units of dc.so.xyrihnnuclease and 400,000 units c 
.stre])tol<inase in 10 cc. of saline were injectcc 
J he rajiid and extensive liquefaction of the nu 
clcojirotein by the de.so.xyrihonuclease was demon 
strated by the marked fall in viscosity from 150 > 
water to 3 X water and decrease in measuralil 
sediment from /O'/f to 23 /V in one hour. Thes' 
quantitative changes persisted over the 24 hour 
of sampling. Subsequent drainage of the cm 
])yema was tcmjiorarily facilitated following th( 
liquefying changes. However, the lysing pro 
cedure was not continued and consequently the 
clinical value was not extensively tested. 



Fig. 6. Rapid Lysis by Streptococcal Concentrate 
OF Purulent Pleural Exudate within Pleural Cav- 
ity OF Patient 

Patient T. H. Chr. Pulm. Tbc, It, bronchopleural fis- 
tula, pyopneumothorax and thoracotomy. Streptococcal 
concentrate containing desoxyribonuclease and strepto- 
kinase injected intrapleurally 12/4/47. 

Specimen at left: Taken immediately prior to injection. 
Ten cc. centrifuged for one hour. Sediment 70% — thick, 
pink, viscid, and containing large cheesy shreds. Vis- 
cosity of wliole fluid ISO X water. 

Specimen at right : Removed from cliest one hour after 
injection. Ten cc. centrifuged for one hour. Sediment 
23% — separates readily into three layers. From bottom 
up ; small viscid layer ; large pink layer of mixed red and 
white blood cells; and white layer composed of white 
cells and granules. Viscosity of whole fluid 4 X water. 
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Definite increases in N.P.N. and formol tilra- 
table material were also observed. One hour 
{ollowing the injection the free streptokinase 
litre was 640 nnits/cc., and subsequently fell to 
10 iinits/cc. in 24 hours. As in the cases pre- 
viously described, the active fibrin-lysing S)'stcm 
appeared but to a less degree than in the fibrinous 
pleuritic group. 

Even though the above data indicate some de- 
gree of activit}' of the fibrinolytic system, the find- 
ings in this patient demonstrate the significant ac- 
tion of the streptococcal desoxyribonucleasc. 
The changes in the physical character of the 
empyemal pus are strikingly illustrated in the 
photographs shown in Figure 6. The amount of 
lysis of sediment that occurred at the site of infec- 
tion within the patient’s thorax is evident and it 
was to the greatest degree due to the depolymeri- 
zation of the nucleoprotein of the pus by the nu- 
clease contained in the concentrate that was in- 
troduced. 

Similar findings were obtained in six of the 
eight cases of empyema. One of them is worthy 
of further mention. The patient, T. P., entered 
the hospital with acute lobar pneumonia of four 
days’ duration. He was treated with penicillin 
but his course and X-ray were suggestive of 
empyema. Aspiration of the chest performed on 
the tenth da}' of hospitalization yielded only a 
few cubic centimeters of thick green fluid which 
was sterile on culture. Introduction of air intra- 
pleurally revealed the presence of several locu- 
lations within the empyemal cavity. Ten days 
later, 50 cc. of thick greenish pleural fluid was 
withdrawn and streptococcal concentrate con- 
taining approximately 40,000 units of desoxyri- 
bose nuclease and 100,000 units of streptokinase 
in 10 cc. of saline was introduced into the site of 
aspiration. Examination of specimens of fluid ob- 
tained by subsequent repeated aspirations revealed 
that the viscosity of the pus fell from 38 X water 
to 14 X water in one hour, and to 5x water in 24 
hours. The sediment decreased from 35% to 14% 
in one hour, and to 10% in 24 hours. The N.P.N. 
rose from 58 mgm.% to 73 mgm.% in one hour, 
and to 84 mgm.% in 24 hours. Twenty-four 
hours after the injection 465 cc. of thin greenish- 
grey fluid was removed with ease. An X-ray of 
tlie chest at this time revealed that the latest as- 
piration had effected almost complete drainage of 


the empyemal cavity and that the previous evi- 
dence of loculation had disappeared. Following 
this tap, the temperature fell rapidly to normal, 
the leucocytosis disappeared within a few days, 
and the patient made an excellent clinical re- 
coveryn 

In one case of mixed empyema and in the one 
due to Friedlander’s bacillus infection,- the pHs of 
the fluids were found to be very acidic (5.50, and 
5.21) apparently due to extensive proteolysis and 
digestion (N.P.N.’s 184, and 400) that had oc- 
curred spontaneously as a result of the diseases 
themselves. The injected streptococcal concen- 
trate had no effect due to the low pH since stud- 
ies, in vitro, have shown that both streptokinase 
and desoxyribonuclease are rapidly inactivated at 
this pH. 

In cytological studies of the sediment of exu- 
dates, both of the acute fibrinous and the purulent 
groups, one feature of special interest has been 
the consistent breaking up of clumps of white 
blood cells. This change has been evident in the 
contrast between the cells of the pre-injection 
specimen and those of the sample obtained one 
hour after the introduction of the streptococcal 
concentrate. Whether or not the clumping was 
due to the fact that the cells were made ad- 
herent by a coating of fibrin or fibrous- nucleo- 
protein is not yet established. However, since 
the concentrates contained both streptokinase and 
nuclease a final explanation of the cellular effect 
awaits further study. As mentioned previously 
a detailed report of the cytological studies will be 
the subject of an early communication. 

From the results obtained in the observations 
on the empyernal cases there is ample evidence 
that nucleoprotein depolymerization and probably 
fibrinolysis occurred, the former by the extensive 
decrease in the nucleoprotein sediment and fall 
in viscosity, the latter by changes in tlie fibrin- 
lysing system and changes in the N.P.N. and 
formol titration. 

Group HI. Cases oj hemothorax, huo patients. 
In each, the intrathoracic blood coagulum de- 
veloped following pneumonectomy'. 

Figures 7 and 8 illustrate changes in a case of 
loculated hemothorax that were brought about 
by the streptococcal fibrin-lysing system. 

400,000 units of streptokinase were intro- 
duced into a single pocket containing 71 cc. of 
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Fig. 8. The Effect of Two Intrapleural Injections of Streptococcal Concentrate in a Case of Post- 
operative HEifOTHORAX ON THE ClIEST FLUID VoLUSIE, FrEE StREPTOKINASE, AcTIVE AND AcTIVATABLE FiBRIN- 
LYsiNG Systems, Antistreptokinase, and Trypsin Inhibitor of the Chest Fluid 
400,000 units of streptokinase were given in injection 1, and 200,000 units in injection 2. 

The striking clinical change is described in the text, and seen in the accompanying X-rays (Figure 7). 


fluid. The concentration in this isolated area was, 
therefore, 5,600 units/cc. before resolution of 
the loculating bands took place. 

Ihe legend under Figure 7 gives the essential 
details of the findings in this patient both before 
and after the introduction of streptococcal con- 
centrate and illustrates objectively the fibrinol 3 'tic 


effect. In this instance the postoperative coagu- 
lum prevented drainage of the intrathoracic con- 
tents. However, after dissolution of the fibrinous 
bands and a considerable amount of the associated 
blood clot it was possible during the ensuing 48 
hours to drain by thoracentesis a large proportion 
of the hemothorax which had become liquefied. 



188 


WILLIAM S. TILLETT AN'U SOL SIIKKKV 


'I'hc nniltilocular condition had been transformed 
into a unilocular state. It seems likely that the 
fibrinolytic system was chiefly operative. 

It is of special interest to note that this patient 
had a high titre of antihbrinolysin (antistrepto- 
kinase) at the beginning of the .study. Although 
not jiroved by cultures it seems likely that he had 
jircviously had one or more infections with hemo- 
lytic streptococci since the height of antibody titre 
is consonant with that previously found in patients 
convalescent from known infection with hemolytic 
strejitococci. 

In spite of the presence of immune bodies, how- 
ever, impairment of the action of the streptococcal 
product was not apparent. It is not possible at the 
present time to offer an explanation of these find- 
ings. However, the possibilities suggest them- 
selves either that a sufficient amount of strepto- 
kinase was injected to bind with antibody and 
leave an excess, or that the active lysing system 
was put in operation before the antibody took 
effect. Further study of this phase of the prob- 
lem is required. Also evident from the data, as 
in the results with the previous cases, is the fall 
in the activatable fibrin-lysing system coincident 
with the appearance of an active fibrin-lysing sys- 
tem, and its slow return toward the control value. 
Trypsin inhibitor did not change despite the ac- 
tivation and rapid inactivation of the fibrin-lysing 


system. 

The course in the patient just described ap- 
pears to represent an example of a beneficial 
therapeutic result effected by the action of the 
streptococcal fibrin-lysing system. 

Tbe second patient with postoperative hemo- 
thorax will be referred to only briefly since he 
is still under observation. Thirty-two days post- 
ratively the patient was transferred to our 
Service because it was impossible to obtain more 
, a few cubic centimeters of fluid from the 
^ -side of the thorax. X-ray examina- 

toTevealed a large shadow with fluid levels oc- 

cavity. obtained. Into each of the 

“ “‘'‘streptokinase was injected up to a total of 
Sites sti 1 preparation of concentrate 

250.000 Lost all of the nuclease 

employed _ Consequently only the fibrin- 

had been elimmat • ^ to any significant 

olytic system was 


degree. Twenty-four hours later 600 cc. of thin 
brownish fluid were removed by thoracentesis 
from a single site without difficulty. Immediately 
after the a.spiration, by fluoroscopy and X-ra}’, 
only a small amount of effusion remained. Al- 
though fluid reaccumulated over the next few 
days, successful aspirations were readily performed 
indicating a considerable reduction in the pres- 
ence of loculation, and the creation of a favorable 
situation for further intercostal drainage. 

DLSCUSSION 

A group of unique enzymatic activities have 
been utilized to produce changes in fibrinous, 
purulent and .sanguinous exudations within the 
pleural cavities of jiatients. Thus through the 
mediation of substances elaborated by hemolytic 
streptococci, fibrin is caused to undergo lysis ; 
fibrinogen is altered so that it no longer can as- 
sume the solid form of fibrin ; and the coarse sedi- 
ment of purulent exudate (primarily desoxyribose 
nuceloprotein) is degraded to a thin solution.. 

Once it had been well established by detailed 
preliminary observations that the methods of 
purification of the streptococcal products devel- 
oped extensively by Christensen (1) yielded 
preparations that were progressively less toxic, 
although maintaining constant or increased po- 
tency, a demonstration of the occurrence and de- 
gree of action in patients of the active principles — 
streptokinase and desoxyribose nuclease — be- 
came a center of interest. For this purpose quan- 
titative estimations were made of the results of 
the action of each enzymatic system on its re- 
spective substrate in tbe areas of disease. Tbe 
rapidity of the beginning of action, and tbe dura- 
tion of continuing action after a single, and in 
some instances after a second injection, were de- 
termined. 

Definitive enzymatic changes of a significant 
degree were regularly obtained and were demon- 
strable within an hour after the injection and en- 
dured for several days before the effect sub- 
sided and disappeared. The phenomenon was a 
self-limiting one following each injection. 

The clinical courses of the patients have been 
followed by frequent physical, laboratory, and 
X-ray examinations over extended periods. Fol- 
lowing tbe injections a febrile response occurred 
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not infrequently and tliere was also evidence of 
local irritation. Both signs of reaction were, 
however, transient. 

Since the periods, in which the action of the 
concentrates was operative, were limited to a few 
days, striking evidence of favorable alterations of 
a permanent nature was not expected nor defi- 
nitely demonstrated except for the results ob- 
tained in cases of loculated hemothorax, one ex- 
ample of which is described in detail, and in some 
of the instances of emp^'cma. In jiaticnts with 
hemothorax, it is obvious that consideration must 
be given to the broad principles and problems of 
thoracic surgery before the application of the pro- 
cedure may be most advantageously made. 

The findings, however, constitute a background 
against which the scope of the study is being 
broadened to include a consideration of the pos- 
sible usefulness of the procedure when utilized 
under appropriate circumstances. The desira- 
bility of causing the liquefaction of fibrin or of 
preventing its formation, or of resolving purulent 
nucleoprotein containing sediments, would on 
theoretical grounds depend upon a variety of con- 
ditions associated with the pathogenesis and ex- 
pected evolution of the disease processes to which 
this method involving lytic activities might be ap- 
plied, Comparable principles would also be ap- 
plicable to exudative diseases involving locations 
in the body other than the pleural area. 

If the solid increments constitute part of an 
advantageous walling off process then the lique- 
faction of the wall might promote a spread of the 
infection in its acute phases before the patients’ 
immunity was sufficient to restrain the dissemina- 
tion of the infection. On the other hand, the same 
walling off may prevent the introduction of anti- 
bacterial reagents of an immunological nature, as 
Well as antibiotic substances, into the field of 
disease. Under the latter circumstances elimi- 
nation of the wall might be advantageous. Other 
sets of conditions concern factors that are involved 
in the ultimate formation of scar tissue, or of ad- 
hesions, and the permanent thickenings that are 
1 elated to the final organization of infected areas. 

The results presented in this article serve as a 
basis for extending the study along the lines that 
have been discussed. 


SUMMARY 

1. Twenty-three patients suffering from exu- 
dative pleurisies associated with different types of 
diseases have received intrapleural injections of 
partially purified concentrates containing strepto- 
coccal fibrinolysin (streptokinase) and desoxy- 
ribose nuclease. 

2. Intrapleural fibrinolytic and proteolytic 
changes due to the activity of the fibrin-lysing 
system were demonstrable in samples of the exu- 
dates taken at repeated intervals after the in- 
jection. The effects were self-limiting after each 
injection. 

Intrapleural depol)unerization of the nucleopro- 
“tein of the solid sediment of the exudates was 
also demonstrable in a similar manner. 

3. "When toxic manifestations occurred follow- 
ing the injections, they were limited to transient 
febrile reactions with general malaise, and a local 
outpouring of leucocytes of a few days’ duration. 

4. The possibility is discussed of influencing 
favorably by the enzymatic systems the course of 
exudative types of diseases and it is being given 
additional study. 

The authors wish to acknowledge the excellence of the 
technical assistance which they have received from Miss 
Harriet Heffernan, Mr. John Goeller, and Miss Doris 
Bitz. 
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Radiniodinc has hcen used to sliuly the func- 
tion of tlic iiiiuian thyroid 01011(1 in various ways. 
The (luaiitit}' of radioiodiiie collected hy the thy- 
roid has been determined directly hy vivo meas- 
urements f Hamilton. Soley ;ind co-workers fl- 
4] ; Hertz and co-workers (51), and indirectly h}' 
e.stimations from tlie total quantity excreted in 
the urine over a fixed period f Hertz and co- 
workers [5] ; Rawson and co-workers (6. 7|). 
The di.strihiition of iodine in the thyroid has been 
studied by autoradiograms (3) or by chemical 
analysis of exci.sed tissue (5). Most recently the 
capacit}’ of tiie thyroid to concentrate radioiodide 
has been studied by Stanlc}' and Astwood (8) 
after previous administration of an antithyroid 
drug such as mercaptoimidazol. 

Keating, Power, Berkson, and Haines (9) have 
employed radioiodine to investigate the kinetics of 
iodine metabolism. They studied the urinary ex- 
cretion of radioiodine by collecting all the urine 
in short periods for three days or longer. By 
plotting, cumulative urinary excretion against 
kme, they obtained an exponential curve from 
which were estimated four quantities: (1) a 
•■cnal fraction (that part of the dose of radio- 
<odine primarily excreted in the urine) ; (2) a 
disappearance rate (which they inferred to repre- 
sent the proportional rate of disappearance of 
radioiodine from the blood) ; (i) a renal excre- 
tion rate (the proportional rate of excretion into 
the urine) ; and (4) a so-called collection rate 
(the proportional rate of disappearance into other 
sites than the kidnej^s, of which the most impor- 
tant is the thyroid). The most significant meas- 
ure of thyroid activity was the collection rate, 
which was much less than normal in hypothr'roid 

' An abridgment of a portion of the thesis submitted 
by Dr. ^IcConabey to the Faculty of the Graduate School 
of the University of Itfinnesota in partial fulfillment of 
the requirements for the degree of Master of Science in 
^ledicine. 

- Fellow in Medicine, Mayo Foundation. 


patients and much greater than normal in hyper- 
thyroid patients. 

The present stud}- was undertaken as an ex- 
tension of the foregoing observations. Its objects 
were (?) to examine directly the behavior of 
radioiodine in blood after its oral administration 
to jtersons who had varying states of thyroid 
function; (2) to compare the disappearance rate 
of radioiodine in blood as determined directly 
from observations in the blood itself with esti- 
mates of this same value obtained from urinar}' 
studies in the manner previousl}' described; and 
(J) to examine the appearance in the blood of 
organically bound radioiodine. 

PROCEDURES 

The subjects selected for study came to the laboratory 
without breakfast. After withdrawal of a control sample 
of blood, radioiodine (U"^, Oak Ridge Laboratories, 
A. E. C.), in the form of sodium iodide dissolved in 
about 150 cc. of water containing 100 f^g. of nonradio- 
active sodium iodide, was given bj' mouth. Samples of 
blood and urine were thereafter collected at stated inter- 
vals. The quantity of radioiodine present in these speci- 
mens was estimated by means of a Geiger-Miiller count- 
ing tube with thin mica window in connection with a 
suitable scaling circuit. All counts were corrected for 
“background," which was uniformly about 0.5 count per 
second or less. Appropriate aliquots of each dose given 
were reserved as standards, each of which was counted 
simultaneously with its corresponding blood and urine 
samples. The method of preparing urine for counting 
has been described (Keating and co-workers [9]). The 
blood samples were allowed to clot at room temperature 
and, after the separation of the serum by centrifugation, 
were analyzed for radioactivity as described in the next 
section. 

Total radioactivity of scrum. The counting of films of 
serum dried directly on thin copper disks was unsatis- 
factory. However, after ‘partial alkaline hydrolysis dry 
films suitable for counting could be obtained. One cc. of 
scrum in a pyrex test tube 7 mm. f internal diameter) 
by 100 mm. was tborougbly ini-xed with 0.100 cc. of 2.5 
N solution of sodium hydro.xide. The tube was covered 
with a small pyrex cup and heated for 30 minutes at 10 
to 15 pounds in a pressure cooker. This treatment caused 
little or no change in volume. Some sediment which 
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{ornicci was carefully rcsusiicntlcd by shaking, although 
later studies showed that little or no error was intro- 
duced by failure to resuspend this sediment. Samples of 
the alkaline digc.sl were measured out for radioactivity 
analysis, by meatis of a syringe piiJct calibrated to deliver 
0.201) cc. In order to prevent accmmilation of radioiodine 
in this pii)et. which might then cause error in future 
samt'Ics, it was rinsed between measurements with 10 
portions of strong solution of iiotassinm iodide followed 
by Id portions of water. Pinally two i)orlions of the 
<iigcsf to he examined were drawn in and discarded, then 
duplicate 0.200 cc. samples were transferred to coi)pcr 
disks 1 inch (2.5 cm.) in diameter. The samples were 
dried slowly under an infra-red lamp, cooled, and counted 
immediately thereafter, in order to avoid variations at- 
tendant on the possible absorption of moisture by the 
dry alkaline films. The counts observed, corrected for 
background as mentioned previously, were convcrtc<l to 
counts per second per unit volume and, liy reference to 
tile simultaneously counted standard, to percentage of 
administered dose jicr liter of serum. ICach planchet was 
counted at least twice, and usually enough counts were 
taken so that the variation due to randomness of atomic 
disintegration would be less than 5 per cent. I'inally, a 
positive correction of 15 per cent wa.s applied to all 
counts of serum digests, to compensate for losses due to 
“absor()tion” of beta rays by llic cleiiosit of alkali and 
partly degraded protein. 

Tins correction factor was obtained as follows: To .54 


samples of normal serum, each measuring 0.9 cc., were 
added 0.1 cc. of radioiodinc of known radioactivity and 
0.1 cc. of 10 per cent sodium hydroxide. The samiiles 
were lieated in a pressure cooker and 0.2 cc. aliquots 
were prepared for dry counting on plancbcts as described 
previously. These were compared with plancbcts pre- 
pared from equal amounts of radioiodinc in aqueous 
solution as standards. It was found that in the 34 sam- 
ples, the mean loss of radioactivity by absorption was 
j 5 2 + 0.5 per cent with a range of 11.1 to 20.0 per cent. 

in order to investigate the reproducibility of the 
method, blood was drawn from a hyperthyroid patient 
24 hours after administration of 100 microcurics of 
Ten samples of the serum, each of 1.0 cc., were analyzed 
for their radioactivity. The mean value obtained was 
11.19 counts per second per cubic centimeter. The stand- 
ard deviation for the determinations from the separate 
'specimens of serum was 0.43 counts per second or about 
4 per cent of the mean, which gives an estimate of the 
error of such determinations. Taking into consideration 
variations caused by “absorption,” variations inherent in 
the countiiw equipment and errors introduced by chemi- 
cal manipulation, it is estimated that the over-all experi- 
mental error of a single determination of radioiodinc did 

not exceed 10 to 15 per cent. 

Radioiodinc precipitated from scrum by protem pre- 
cipitants. Tills fraction, henceforth referred to as “pre- 
cipitabk” radioiodine, was separated by means of pre- 
cipitation of proteins with the zinc snlfate-socliuni 
hydroxide reagents of Somogy. (10. 11), as used by 
Man Smirnow. Gildea and Peters (12) m their study 


of scrum iodine fraction.s. in tlii.s procedure, 1 cc. of 
scrum in n 15 cc. pyrex centrifuge tube calibrated in 
tcntb.s wa.s treated with 1.00 cc. of 0.75 N solution of 
sodium Iiydroxide and <S.0() cc. of 0.125 per cent zinc 
sulfate ill 0.0.31 N solution of sulfuric acid. The mixture 
was .stirred thoroughly with a thin glass rod and cen- 
trifuged for five minutes at 1.500 r.p.in.. ami the .super- 
natant was removed by decantation. The tube was filled 
with distilled water, the protein precipitate was tlior- 
ongliiy dispersed by stirring with the gla.ss rod and the 
tube wa.s again centrifuged. The siipeniatant was again 
di.scnrded and the washing procedure was repeated twice 
more. The precipitate was next dispersed by stirring 
with 0.50 cc. of 2,5 N sodium hydroxide. The stirring 
rod wa.s rin.scd with two drops of water, and the alkaline 
mixture wa.s autoclaved as in the determination of total 
radioiodinc. After removal of the tube from the cooker, 
the volume of the digc.sl was noted, and 0.200 cc. sanipies 
were measured out. dried and cnmited, as previously de- 
scribed. "Absorption" losses in this method of deter- 
mining senini prccipitable radioiodine were about the 
same as those noted in the determination of total radio- 
activity (actually the mean loss of 15 .sanpiles was 15.7 
+ 0.6 per cent). Control experiments in which radio- 
iodine was added to senini showed that all but 0.25 to 
2.9 jier cent of added radioactivity was removed by tlie 
lirecipitation and ivasbing technic. 

An estimate of the error of the method for serum 
precijiitablc radioiodinc was obtained in the following 
manner; ten 1.0 cc. samples of serum from blood wliich 
had been withdrawn from a bypertbyroid patient 24 
hours after oral ingestion of a tracer dose were analyzed 
for serum prccipitable radioiodine. The mean value ob- 
tained was 2.13 counts jicr second per cubic centimeter 
and the standard deviation for the determination from 
the separate senuii .specimens was 0.36 counts jicr second 
or about 17 iicr cent of the mean. 

Miller and associates (13) found that exchan,gc oc- 
curred I/I s'itro between inorganic and organic iodine 
compounds under certain conditions of pH and tem- 
perature. The possibility that similar exchange might 
account for some of the prccipitable radioiodinc observed 
with the method which we employed was investigated in 
the following manner. Radioiodinc a.s iodide was added 
to each of eight tubes containing 1.0 cc. of normal liiinian 
scrum. Four tubes were stored at room temperature, 
and four w'crc incubated at body temperature. One speci- 
men from each groiqi was anah'zed for scrum prccipitable 
radioiodinc after four, six, eight and 13 days, respectively. 
Tlic quantity of radioiodinc remaining in the prccipitable 
fraction after wasliiiig was negligible (0.2 to l.S per cent 
of the total radioiodinc present in the wliole senim). On 
the basis of tliesc observations it was felt that exchange 
could not account for any significant proportion of the 
prccipitable radioiodinc observ'ed. 

Thirt 3 '-oiie persons who had various thyroid conditions 
consented to be studied ; 28 of these were patients being 
treated for thyroid disease and three were normal sub- 
jects. Serial blood levels of total radioiodinc were deter- 
mined in all 31 persons. Talilc I shows the functional 
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TAHLE I 


Types of persons sludied and the rarialions of the 
basal jiictabolic rale 


Stales of tliyroid 

Cases 

1 Basal 

' metabolic 

' rale 

Hyperthyroidism 

17 

per cciil 

Exophthalmic goiter 

16 


Primary 

5 

-f-40 to -1-5.3 

Recurrent 

11 

-f-15 to -1-60 

Adenomatous goiter with 

1 

1 4-21 

hyperthyroidism 


i 

Buthyroidism 

9 

Not done 

Normal subjects 

3 

Adenomatous goiter with- | 

4 1 

— 14 to -f-5 

out hyperthyroidism 

1 


Carcinoma of thyroid 

2* 

i 

-4 

Hypothyroidism (myxedema) 

6* 

— 36 to —11 


* One patient who had carcinoma of the thyroid was 
studied twice — once while he was in a euthyroid state and 
once while he was myxedematous as a result of a "thy- 
roidectomizing dose” of I”'. 

state of the thyroid and basal metabolic rates of the 
patients studied. Seventeen had hyperthyroidism, nine 
were euthyroid and six had myxedema. One patient who 
had carcinoma of the thyroid was studied twice — once 
while his thyroid function was normal and later while 
myxedema was present as a result of a “thyroidectomiz- 
ing dose” of Ii^i. By a euthyroid person is meant one 
whose tissues at large receive the normal amount of 
thyroid hormone daily irrespective of the anatomic state 
of the thyroid gland. 

Of the 36 doses of given, 21 were tracer and 
IS were therapeutic doses. The tracer dose used in 
most cases was 100 microcuries, although a few patients 
received more. A therapeutic dose is here defined as 
one large enough to destroy thyroid tissue by radiation. 
Comparison of tracer doses with subsequent therapeutic 
doses in the same patient did not disclose consistent or 
significant differences which could be ascribed to radia- 
tion effect within the 48-hour period when most obser- 
vations were made. This does not exclude the possi- 
bility that radiation effects may have been present in 
either the tracer or the therapeutic doses, but it appears 
reasonable to assume that any effects of radiation present 
m the data are of small magnitude. 

The use of 100 pg. of sodium iodide as carrier in 
these studies theoretically introduces an error in the 
tracer character of the experiments. It may be calcu- 

ated that in the average person tliis quantity of iodide 
m equilibrium with the blood and extracellular fluids 
represents an initial increase in the concentration of 
iodide of the order of 0.5 Pg. per 100 cc. of plasma. We 

ia\c compared studies conducted with 100 pg. of carrier 
Wit studies employing carrier-free radioiodide as well as 


studies involving a carrier of 1 to 10 pg. Such observa- 
tions indicate that the use of 100 pg. of sodium iodide as 
carrier does not affect the results observed either quali- 
tatively or quantitatively to any significant degree. 

RESULTS 

Total radioiodinc in blood serum. Radioiodine 
appeared in the circulating blood within a few 
minutes after oral administration. The concen- 
tration of radioiodine rose rapidly and reached a 
maximal level within one-half to one and one- 
half hours after ingestion, the time at which the 



Fig. 1. The Concentration of Total Radioiodine 
IN THE Serum of Persons Who Had iA ) Normal 
Thyroid Function, (F) Hyperthyroidism and (C) 
Myxedema 

The group who had normal thyroid function includes 
three normal persons, four patients who had adenomatous 
goiter without h 3 'perthyroidism, and two patients who 
had low grade nonfunctioning carcinomas of the thyroid. 
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inaxinnim level was attained varying somewhat 
with the functional state of the thyroid. There- 
after. the concentration diminished at a rate which 
was related to the functional state of the thyroid. 
Figure 1 shows the individual curves for the con- 
centration of radioiodine in scrum during the first 
24 hours in all cases of the three groups studied. 
Figure 2 shows average curves for each of the 
three groups. In euthyroid patients, the concen- 
tration of radioiodine in the blood reached a maxi- 
mal level between one-half and one hour and then 
fell for the rest of the 24 hours. In hyperthyroid 
patients, the concentration reached a maximal 
level sooner, usually in about one-half hour, then 
fell more rapidly than in the normals for six or 
eight hours, and thereafter decreased very slowly 
in some cases, leveled off in others, and in a 
considerable number again rose a second time 
from the low value observed at about eight hours 
after the dose. In patients who had hypothy- 
roidism, a maximal level was reached later, usu- 
ally between one, and one and one-half hours, and 
the level thereafter diminished more gradually 
than in euthyroid persons. Since, as is well 
known, both hyperthyroidism and myxedema af- 
fect the volume of both plasma and extracellula.r 
fluid, it is apparent that these data must be modi- 
fied to some extent by such factors. Accurate 
evaluation of these factors would be possible only 
if both blood volume and volume of extracellular 
fluid had been measured in each individual case, 
a procedure which we were unable to follow m 
this study. Fortunately it appears probable that 



)iD States . , ^ . 

co„s«c«d .on, 

rF.m a™ poler, M. H., The behavior of ra&- 
idine in the blood in various thyroid states. r, 

.. Study Goiter [In press].) 



Fig. 3. Separation of the Concentration of Total 
Radioiodine in Serum into a Serum Precipitable 
Fraction and an Inorganic Fraction 

The latter was obtained by subtracting precipitable 
radioiodine from total radioiodine. (A) A case of hyper- 
thyroidism. (P) A person who had normal thyroid 
function. (C) A case of myxedema. 

changes in blood volume and the volume of extra- 
cellular fluid accompanying various levels of thy- 
roid activity were relatively minor factors in the 
differences which we observed. 

Se 7 'Uin precipitable radioio.dine. Levels of pre- 
cipitable radioiodine in serum were determined in 
13 cases (nine hyperthyroid, one myxedematous, 
and three euthyroid patients). Since it was not 
possible with the technics employed to measure 
precipitable radioiodine in the blood with accuracy 
after the administration of a small tracer dose, 
only persons who had received larger doses of 
radioiodine were studied in this manner. The 
doses of 1“^ administered ranged from 1 to 100 
millicuries. The results of this portion of the 
study may, therefore, have been affected by the 
consequences of radiation, but one may be justi- 
fied in assuming that the results observed corre- 
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spend at least qualitatively to physiologic condi- 
tions. 

Figure 3A shows the values for serum pre- 
cipitable radioiodine plotted as percentage of dose 
per liter of serum for a case of hyperthyroidism. 
The curve of total radioiodine in the serum is 
broken into two fractions: the one of serum pre- 
cipitable radioiodine and the other of inorganic 
radioiodide obtained by subtracting values for 
precipitable radioiodine from total radioiodine. 
In Figure 3B are plotted the corresponding data 
in a patient who had normal thyroid function. 
Serum precipitable iodine appeared more rapidly 
and in larger concentrations in the hyperthyroid 
patient than in euthyroid persons and this fact 
appears to account for the leveling off or for the 
secondary rise in the curve of total radioiodine in 
serum observed in hyperthyroid cases. Figure 
3C shows total radioiodine concentration and the 
inorganic and serum precipitable fractions, in a 
myxedematous patient. Inorganic iodide falls 
more slowly and precipitable iodine reaches a 
smaller concentration than in normal persons. 
In hyperthyroid subjects apparently all of the 
circulating radioiodine was precipitable after a 
period which averaged about 48 hours (Figure 
4). In euthyroid subjects the average time re- 



PiG. 4. Serum Precipitable Radioiodine in Various 
States of Thyroid Function 
Each curve is constructed from the mean values of 
t le cases comprising the group versus time ; the value 
expressed is the percentage of the total radioiodine in 
«rum which is precipitable. (From McConahey, W. M., 
Gnd Power, M. H., The behavior of 
loiodine in the blood in various thyroid states. Tr. 

A. Study of Goiter [In press].) 


quired for all circulating radioiodine to become 
precipitable was about 96 hours, and in the 
myxedematous subject this time was 290 hours. 
The foregoing results do not preclude the possi- 
bility that a small inorganic fraction might persist 
in any case for a longer time since the method 
employed for measuring precipitable radioiodine 
was relatively insensitive. 

COMMENT 

Figure 1 shows considerable variability of the 
curves of total radioiodine concentration in serum 
during the first six hours. Overlapping by mem- 
bers of the different groups is at a minimum at 
eight hours. In myxedema the concentration of 
radioiodine exceeded 2 per cent of the dose per 
liter of serum (from 2 to 2.5 per cent) at eight 
hours. The euthyroid and hyperthyroid curves 
overlapped a little at this time (1 to 1.9 per 
cent and 0.05 to 1.2 per cent, respectively), but 
the curves of neither group overlapped those of 
the cases of myxedema. Only one of the euthy- 
roid curves was less than 1.2 per cent and only 
two of the hyperthyroid curves were more than 
1 per cent. 

Examination of the curve of concentration of 
total radioiodine in serum during the first 24 
hours discloses at least three components; (1) 
a rapid rise to a maximal concentration and a 
brief, rapid fall; (2) a more prolonged fall at 
an exponential rate, and (5) a continued but 
much slower fall (or sometimes, in case of hyper- 
thyroidism, a secondary slow rise to a higher 
level). Component 1 appears to reflect absorp- 
tion from the gastro-intestinal tract and establish- 
ment of equilibrium between the blood and the 
body fluids; component 2 represents the disap- 
pearance of radioiodine as inorganic iodide from 
the blood and the body fluids into the urine, the 
thyroid and other sites of disposal; component 3 
reflects in part the appearance in the blood of 
precipitable (that is, organically bound) radio- 
iodine. 

Keating and co-workers estimated the disap- 
pearance rate of radioiodine from the blood from 
the curve of excretion in the urine. The disap- 
pearance rate can be determined directly from the 
second component of the concentration curve of 
radioiodine in the blood. When the logarithm of 



196 


W. M. MCCONAHEY, F. R. KEATING, JR., AND M. H. POWER 


concentration is plotted against time, the obser- 
vations fit a straight line, the slope of which is 
the rate of disappearance of radioiodine from the 
blood. 

The observations comprising component 3 fall 
above this straight line and in some hyperthyroid 
cases the period during which concentration of 
total radioiodine in blood fits an exponential func- 
tion is rather short. If instead one plots the 
logarithm of inorganic radioiodine (estimated by 
difference as described) as ordinate, with time as 
abscissa, the points continue to fit an exponential 
function for a much longer period. This fact 
suggests that it is the inorganic iodide which 
disappears at an exponential rate and that it is 
the appearance of organically bound iodine which 
causes the curve of total radioiodine to deviate 
from an exponential curve. 


TABLE II 


Comparison of disappearance rate determined in 
blood and in urine 




Disappearance rate 



! 

Cases 

Determined 
from blood 

Determined 
from urine 

1 


Euthyroid 

9 

per cenlihr. 

15.9±l.lt 

per cenlihr. 
1S.0±0.8 

per cenlihr. 

-0.9±1.3 


Hyper- _ 
thyroid 

17 

40.2±4.6 

37.0±4.7 

-3.2±2,7 

0.2 

Hypo- 

thyroid 

6 

8.8±0.9 

6.4±0.6 

-2.4±0.8 

0.04 


*P values obtained from Table ot i, - 

Itatistiral Methods for Research Workers, Seventh Edi- 

Tte^alues^ Jven ’are the means and standard errors 
if the means. 

In Table II the mean disappearance rates of 
•adioiodine from blood for each group, calculated 
iirectly from observations on the blood, are com 
Dared with the values obtained from simultaneous 
Dbservations on the urine of each subject calcu- 
ated in the manner described by Keating and 
^o-workers. The means of the individual differ- 
nices which are also given, do not appear to be 
fignificant, and may reflect merely the errors of 
■he methods employed. It seems, therefore that 
-he disappearance rate of radioiodine from blood 

^asured by either method ” 

thyroidal function with respect to iodine collec 
tion. However, since radioiodine disappears from 


blood into the urine, and also into other tissues 
in addition to the thyroid, disappearance, rate is 
not a direct or quantitative measure of thyroidal 
accumulation of iodine. This is evidenced by 
the values for disappearance rate in cases of 
mj'xedema, in most of which accumulation of 
radioiodine by the thyroid was found by in vivo 
measurements to be negligible or absent. 

The appearance of precipitable radioiodine in 
blood can be construed as largely representing radi- 
oiodine collected by the thyroid, synthesized into 
organic compounds and secreted into the circula- 
tion. Determinations of precipitable radioiodine 
reflect variations in thyroid function in several 
ways: 1. The concentrations of precipitable radio- 
iodine reached in cases of hyperthyroidism are 
greater than in cases of euthyroidism. 2. Precipit- 
able radioiodine can be detected sooner in hyper- 
thyroid cases than in euthyroid cases and the con- 
centration increases at a more rapid rate. 3. Esti- 
mation of precipitable radioiodine as a percentage 
of total serum radioiodine reflects both the fore- 
going and the differences in the behavior of in- 
organic iodide with variations in thyroidal func- 
tion, so that precipitable radioiodine replaces the 
inorganic fraction much more rapidly than normal 
in hyperthyroid subjects and much less rapidly 
than normal in hypothyroid subjects. These rela- 
tionships are entirely consistent with what is 
known about the behavior of chemically deter- 
mined precipitable iodine in persons who have 
varying states of thyroidal activity. 

It is surprising and a little disturbing to note 
the appearance of precipitable radioiodine in the 
single case of myxedema in which this deter- 
mination was made (Figures 3C and 4). The 
patient was a young man having carcinoma of the 
thyroid who some months previously had been 
made myxedematous by means of a “thyroidec- 
tomizing” dose of radioiodine. The concentration 
of precipitable radioiodine observed in this case 
was small, and this concentration was substan- 
tially achieved within a few hours (Figure 3C). 
The survival of some thyroid tissue cannot be 
excluded, although no detectable collection oc- 
curred in the thyroid region and the basal meta- 
bolic rate was — 25 per cent. The possibility of 
in vivo exchange occurring in the blood remains 
a remote possibility but such exchange could not 
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be demonstrated in vitro. The observations of 
precipitable radioiodine in this case may be of 
some interest in connection with the demonstra- 
tion by Chapman (14) and by Morton and asso- 
ciates (15) that iodine may be organically com- 
bined elsewhere in the body than in the thyroid. 

The method employed here to estimate concen- 
tration of precipitable radioiodine is relatively 
insensitive and relatively inaccurate. On this ac- 
count and because of the possibility of distortion 
by the quantities of radiation involved it appears 
unwise to attempt to analyze quantitatively the 
kinetic behavior of organically bound radioiodine 
from these data. It appears likely, however, that 
with more sensitive and accurate methods of 
analysis the rate of increase of organically bound 
radioiodine in blood and the maximal concentra- 
tion achieved can be compared with the concen- 
tration of protein-bound iodine measured by chem- 
ical methods in order to obtain a measure of 
turnover rate of protein-bound iodine. 

SUMMARY AND CONCLUSIONS 

1. Levels of total radioiodine in the blood after 
oral ingestion of in the form of iodide show 
significant differences in various thyroid states. 
Eight hours after ingestion, mean concentration 
of radioiodine in the serum was 2.06 per cent of 
the dose per liter in cases of myxedema, 1.28 per 
cent in euthyroid persons and 0.49 per cent in 
cases of hyperthyroidism. 

2. The curve of total radioiodine in serum 
plotted against time has three components : (a) 
an initial rapid increase followed by a brief, rapid 
fall, regarded as reflecting gastro-intestinal ab- 
sorption and equilibration with body fluids; (6) 
an exponential fall, regarded as reflecting disap- 
pearance of radioiodine as iodide from the blood 
into the thyroid, the urine and other sites of 
disposal, and (c) a third phase which indicates 
the appearance in the blood of organically bound 
radioiodine. 

3. The rate of disappearance of radioiodine 
from the blood reflects variations in thyroidal 
function, being more rapid than normal in hyper- 
thyroid subjects and less rapid than normal in 
h3'pothyroid ones. 

4. Comparison of the rate of disappearance of 
radioiodine from blood estimated directly from 


blood itself with estimations of the same rate 
determined from simultaneous observations of 
urinary excretion of radioiodine did not disclose 
any significant difference. The latter method 
therefore appears to be an appropriate means of 
estimating the disappearance rate of radioiodine 
from blood. 

5. Precipitable radioiodine appeared in the blood 
much sooner, rose more rapidly and reached higher 
concentrations in hyperthyroid than in euthyroid 
persons. A small concentration of precipitable 
radioiodine was observed in a patient who had 
myxedema. 
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concentration is plotted against time, the obser- 
vations fit a straight line, the slope of which is 
the rate of disappearance of radioiodine from the 
blood. 

The observations comprising component 3 fall 
above this straight line and in some hyperthyroid 
cases the period during which concentration of 
total radioiodine in blood fits an exponential func- 
tion is rather short. If instead one plots the 
logarithm of inorganic radioiodine (estimated by 
difference as described) as ordinate, with time as 
abscissa, the points continue to fit an exponential 
function for a much longer period. This fact 
suggests that it is the inorganic iodide which 
disappears at an exponential rate and that it is 
the appearance of organically bound iodine which 
causes the curve of total radioiodine to deviate 
from an exponential curve. 


TABLE II 

Comparison of disappearance rale determined in 
blood and in urine 




Disappearance rate j 

Difference 



Cases 

Determined 
from blood 

Determined 
from urine 


Euthyroid 

9 

per cent /hr. 

15.9±l.lt 

per centihr. 
]5.0±0.8 

per cenl/hr. 

-0.9±1.3 


Hyper- 

thyroid 

17 

40.2 ±4.6 

37.0±4.7 

-3.2±2.7 

0.2 

Hypo- 

thyroid 

6 

8.8±0.9 

6.4±0.6 

-2.4±0.8 

0.04 


*P values obtained from fauie ot i, ' 

Statistical Methods for Research Workers, Seventh Edi- 

are^the means and standard errors 

3 f the means. 

In Table II the mean disappearance rates of 
radioiodine from blood for each group, calculated 
directly from observations on the blood, are com- 
oared with the values obtained from simultaneous 
observations on the urine of each subject calcu- 
lated in the manner described by Keating and 
co-workers. The means of the individual differ- 
ences which are also given, do not appear to be 
rgnificant, and may reflect merely the errors o 
he methods employed. It seems therefore, that 
^ rute of radioiodine from blood 

the disappear variations in 

funcSn with respect to iodine coliec- 
tton. However, since radioiodine disappears front 


blood into the urine, and also into other tissues 
in addition to the thyroid, disappearance rate is 
not a direct or quantitative measure of thyroidal 
accumulation of iodine. This is evidenced by 
the values for disappearance rate in cases of 
myxedema, in most of which accumulation of 
radioiodine by the thyroid was found by in vivo 
measurements to be negligible or absent. 

The appearance of precipitable radioiodine in 
blood can be construed as largely representing radi- 
oiodine collected by the thyroid, synthesized into 
organic compounds and secreted into the circula- 
tion. Determinations of precipitable radioiodine 
reflect variations in thyroid function in several 
ways: 1. The concentrations of precipitable radio- 
iodine reached in cases of hyperthyroidism are 
greater than in cases of euthyroidism. 2. Precipit- 
able radioiodine can be detected sooner in hyper- 
thyroid cases than in euthyroid cases and the con- 
centration increases at a more rapid rate. 3. Esti- 
mation of precipitable radioiodine as a percentage 
of total serum radioiodine reflects both the fore- 
going and the differences in the behavior of in- 
organic iodide with variations in thyroidal func- 
tion, so that precipitable radioiodine replaces the 
inorganic fraction much more rapidly than normal 
in hyperthyroid subjects and much less rapidly 
than normal in hypothyroid subjects. These rela- 
tionships are entirely consistent with what is 
known about the behavior of chemically deter- 
mined precipitable iodine in persons who have 
varying states of thyroidal activity. 

It is surprising and a little disturbing to note 
the appearance of precipitable radioiodine in the 
single case of myxedema in which this deter- 
mination was made (Figures 3C and 4). The 
patient was a young man having carcinoma of the 
thyroid who some months previously had been 
made myxedematous by means of a “thyroidec- 
tomizing” dose of radioiodine. The concentration 
of precipitable radioiodine observed in this case 
was small, and this concentration was substan- 
tially achieved within a few hours (Figure 3C). 
The survival of some thyroid tissue cannot be 
excluded, although no detectable collection oc- 
curred in the thyroid region and the basal meta- 
bolic rate was — 25 per cent. The possibility of 
in vivo exchange occurring in the blood remains 
a remote possibility but such exchange could not 
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be demonstrated in vitro. The observations of 
precipitable radioiodine in this case may be of 
some interest in connection M'ith the demonstra- 
tion by Chapman (14) and by Morton and asso- 
ciates (15) that iodine may be organically com- 
bined elsewhere in the body than in the thyroid. 

The method employed here to estimate concen- 
tration of precipitable radioiodine is relatively 
insensitive and relatively inaccurate. On this ac- 
count and because of the possibility of distortion 
by the quantities of radiation involved it appears 
unwise to attempt to analyze quantitatively the 
kinetic behavior of organically bound radioiodine 
from these data. It appears likely, however, that 
with more sensitive and accurate methods of 
analysis the rate of increase of organically bound 
radioiodine in blood and the maximal concentra- 
tion achieved can be compared with the concen- 
tration of protein-bound iodine measured by chem- 
ical methods in order to obtain a measure of 
turnover rate of protein-bound iodine. 

SUMMARY AND CONCLUSIONS 

1. Levels of total radioiodine in the blood after 
oral ingestion of in the form of iodide show 
significant diflferences in various thyroid states. 
Eight hours after ingestion, mean concentration 
of radioiodine in the serum was 2.06 per cent of 
the dose per liter in cases of myxedema, 1.28 per 
cent in euthyroid persons and 0.49 per cent in 
cases of hyperthyroidism. 

2. The curve of total radioiodine in serum 
plotted against time has three components : (a) 
an initial rapid increase followed by a brief, rapid 
fall, regarded as reflecting gastro-intestinal ab- 
sorption and equilibration with body fluids; (&) 
an exponential fall, regarded as reflecting disap- 
pearance of radioiodine as iodide from the blood 
into the thyroid, the urine and other sites of 
disposal, and (c) a third phase which indicates 
the appearance in the blood of organically bound 
radioiodine. 

3. The rate of disappearance of radioiodine 
from the blood reflects variations in thyroidal 
function, being more rapid than normal in hyper- 
thyroid subjects and less rapid than normal in 
hypothyroid ones. 

4. Comparison of the rate of disappearance of 
radioiodine from blood estimated directly from 


blood itself with estimations of the same rate 
determined from simultaneous observations of 
urinary excretion of radioiodine did not disclose 
any significant difference. The latter method 
therefore appears to be an appropriate means of 
estimating the disappearance rate of radioiodine 
from blood. 

5. Precipitable radioiodine appeared in the blood 
much sooner, rose more rapidly and reached higher 
concentrations in hyperthyroid than in euthyroid 
persons. A small concentration of precipitable 
radioiodine was observed in a patient who had 
myxedema. 
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A high degree of resistance to insulin occa- 
sionally develops in patients receiving repeated 
injections of insulin. This occurs most frequently 
in patients with diabetes, but non-diabetic indi- 
viduals receiving insulin shock therapy for psy- 
chiatric disorders may also develop insulin resist- 
ance unassQciated with any other demonstrable 
disturbance in carbohydrate metabolism. An im- 
mune mechanism has been repeatedly suggested 
as one underlying cause, a view for which strong 
evidence was obtained in the study of a case of 
insulin resistance in this laboratory (1-3). Re- 
sistance developed during the administration of 
insulin at the end of three insulin-free periods of 
three to five months, suggesting an immune re- 
sponse to the injected insulin. Furthermore, the 
resistance appeared to be species-specific as indi- 
cated by absence of resistance to human insulin 
at a time when resistance to commercial (beef 
and pork) insulin was clearly present. These 
observations prompted the study reported herein. 

MATERIALS AND METHODS 

Twenty-four adult rabbits of various breeds were in- 
jected subcutaneously according to a schedule similar to 
that shown in Table I for the fifth animal in the series. 
The injection mixture was made as follows; 1) Two 
parts of an insulin solution containing 250 u/ml. with 
0.5% phenol, 2) Three parts of Falba ^ and 3) Five 
parts of mineral oil containing 5 mg. dry, heat-killed 
M. butyricum per ml.® The insulin and Falba were 
thoroughly mixed with an electric stirrer and the mineral 
oil containing the acid-fast organisms was then added 
and likewise thoroughly mixed. Each milliliter of the 
final mixture contained 50 u of insulin. Preliminary 
tests showed that the injection of more than SO u into 
rabbits often caused severe hypoglycemic symptoms or 
death. Masses of various sizes and consistencies ap- 
peared at the injected sites and in some instances drained 

^This work rvas supported by a grant-in-aid from the 
Public Health Service. 

York^^'^ Bauer, Inc., Empire State Building, New 

^The authors are indebted to Dr. Jules Freund for 
advice and for supplying the strain of M. butyrictim. 


purulent material. Before receiving the insulin-adjuvant 
mixture, some animals were injected intravenously in the 
fasting state with 0.1 u crystalline insulin per kilogram 
in order to test the responsiveness to insulin. In every 
instance in which this was done, a definite but brief fall 
in blood sugar occurred. Blood sugar determinations 
using 0.2 ml. of blood were done with the micro-method 
described by Nelson (4), using the Folin method of 
precipitation (5). Blood was obtained from the ear 
veins with a No. 26 hypodermic needle and a dry tuber- 
culin syringe. The animals vvere not tied down or other- 
wise forcibly held. Struggling could be avoided in most 
instances by infiltrating the area around the vein with 
novocaine. Insulin tolerance tests with 0.1 u/kg. were 
repeated at intervals of five to ten weeks and furtlier 
injections of the insulin-adjuvant mixture were given 
according to a schedule similar to that shown in Table I. 
The human insulin used in these experiments was pre- 
pared in the summer of 1947 from human pancreas ob- 
tained from two to 27 hours post-mortem with a method 
modified after Somogyi (6). The material was sterilized 
by passage through a Seitz filter and phenol was added 
to make a final concentration of 0.5%. Assay in mice 
and rabbits indicated that each milliliter contained 24 + 
2 u/ml. The details of the preparation and assay of the 
human insulin are given elsewhere (7). 

RESULTS 

Of the 24 animals injected with the jnsulin- 
adjuvant mixture, four became insulin-resistant. 
One of these animals, the first to become resist- 
ant, has been studied in detail and forms the sub- 
ject of this report. One of the other resistant 
animals died of causes apparently unrelated to 
the experimental procedure, and the remaining 
two appear to be in good health. Of the 20 
rabbits which failed to become resistant, nine died 
within six months of starting immunization. Ten 
animals have received injections of the adjuvant 
mixture for eight months or more without be- 
coming resistant. 

The fifth rabbit in our series developed clear- 
cut resistance to insulin three months after injec- 
tions of the insulin-adjuvant mixture were begun. 
All the procedures carried out in this animal are 
shown in Table I. The number of tests per- 
formed was limited by the tendency of the ear 
199 
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veins to become thrombosed after continued use, be due to undetected errors in technic but the 
though care was taken to avoid this. Some of data clearly indicate the development of a high 
the insulin tolerance tests shown in Table I are degree of resistance to crystalline insulin. In this 
irregular, as for example those done on 10/15/47, animal, a dose of 0.1 u/kg. crystalline insulin 
11/4/47 and 11/19/47. These irregularities may intravenously had caused a fall of 20 mg./lOO ml. 


TABLE I 

Procedures dove in the insulin-resistant rabbit 





Results of insulin tolerance tests. Blood glucose mR.jWO mL 

D.ntc 

Weight 

Procedure 

FBS 

Minutes after injection of insulin 





ts 

30 

45 

60 

90 

120 

ISO 

2/5/47 

2.3 

Crystalline insulin 0.1 u/kg. I.V. 

118 

100 

98 

■ 

113 

■ 

113 


5/29/47- 

6/30/47 


Four subcutaneous injections of adjuvant 
mixture containing 25 u crystalline insulin 
in 0.5 ml. 









7/9/47 

3.15 

Cri'stalline insulin 0.1 u/kg. I.V. 

93 

79 

1 

76 


89 


85 


7/30/47 

3.4 

1 ml. adjuvant mixture subcutaneously 
containing 50 u crystalline insulin 









9/17/47 

3.6 

Crystalline insulin 0.1 u/kg. I.V. 

114 

108 

117 


129 


95 

101 

9/19/47 

3.6 

Crystalline insulin 0.1 u/kg. I.V. 

76 

85 

i 

76 


89 



97 

9/23/47 

3.6 

Crystalline insulin 0.4 u/kg. I.V. 

108 

97 

87 

I 

103 


101 

101 

10/8/47 


1 ml. adjuvant mixture subcutaneously 
containing 50 u crystalline insulin 




i 

1 

1 


1 


10/15/47 


Crystalline insulin 0.8 u/kg. I.V. 

80 

109 

109 


85 


105 

93 

10/17/47 

1 

Crystalline insulin 1.6 u/kg. I.V. 

105* 


117 


117 




10/20/47 


Crystalline insulin 4.4 u/kg. I.V. 

91* 


64 


76 


109 


10/24/47 


1 ml. adjuvant mixture subcutaneously 
containing 50 u crj^stalline insulin 






1 

1 


10/29/47 


Human insulin 0.32 u/kg. I.V. 

81 


42 


84 

87 

97 


10/31/47 


Human insulin 0.32 u/kg. I.V. 

90 

36 

60 

74 

85 

1 

90 

97 

109 

11/4/47 


Crystalline insulin 2.5 u/kg. I.V. 

79 

108 

71 

63 

100 

103 

104 

111 

11/19/47 


Crystalline insulin 0.32 u/kg. I.V. 

144 

99 

101 

104 

105 

106 

103 

104 

1/6/48 

4.08 

Crystalline insulin 0.5 u/kg. I.V. 

96 

94 

84 

84 

85 

94 

94 


1/8/48 

4.08 

Cysteine-inactivated insulin 15 u/kg. I.V. 
followed in 20 minutes by crystalline msu 
S o 5 u/kg. I.V. The inactivated insulin 
caused a rise in blood sugar from 87 mg./ 
100 ml. to the fasting level shown. 

104 

59 

54 

1 

67 

66 

72 

80 


1/12/48 

4.08 

Cysteine-inactivated insulin 15 u/kg. I-V. 
S caused a rise in blood sugar from j 
80 mg./lOO ml. to the fasting level shown. 
No active insulin given. 

132 

111 

100 

101 

99 


91 


2/26/48 

3.96 

Crystalline insulin 0.5 u/kg. 

88 

92 

95 

1 

97 

98 

102 

82 


3/19/48 


Crystalline insulin 2.5 u/kg- j 

80 


93 


92 

92 



















iNnuci:i) INSULIN resistanck in the ratiiut 


201 


INTRAVENOUS INSUUN TOLERANCE TESTS IN THE RESISTANT RABBIT 
AND IN NORMAL AND UNSUCCESSFULLY IMMUNIZED RABBITS 



Fig. 1 

The dates on which the insulin tolerance tests in the resistant rabbit 
were done were as follows : 

0.4 u/kg. I. V. 9/23/'47. This test is also shown in Figure 3. 

0.5 u/kg. I. V. 1/6/48. This test is also shown in Figures 3 and 5. 


in the blood sugar before an}' injections of the 
adjuvant mixture were given and a similar fall 
follotved the same dose of insulin six weeks after 
these injections were begun. After three or more 
months, four or five times this dose (0.4 u/kg. 
and 0.5 u/kg.) given intravenously caused a fall 
of 21 mg./lOO ml. or less as shown in the two 
upper curves of Figure 1. The blood sugars of 
two normal rabbits receiving 0.5 u/kg. fell 40 
oig./lOO ml. and 60 mg./lOO ml., respectively, 
and in two other animals, which received the ad- 
juvant mixture but failed to become resistant, 
marked falls in blood sugar followed the injection 
of 0.3 u/kg. Further tests done in the resistant 
animal are shown in Figure 2 where it may be 
seen that a large dose of insulin (4.4 u/kg.) was 
lequired to produce a moderate fall in blood 
sugar. Two of the tests shown in Figure 2 were 
done without fasting in order to decrease the risk 
o killing the animal in hypoglycemic shock, a 
precaution which was probably unnecessary. The 
curve obtained in the fasting stale with 2.5 u/kg. 
'\as done at a later date than the others and we 


INTRAVENOUS TOLERANCE TESTS WITH LARGE DOSES OF COMMERCIAL 
INSULIN AFTER DEVELOPMENT OF RESISTANCE 



Fig. 2 

The dates on wliich the insulin tolerance tests were 
done were as follows : 

1.6 u/kg. I. V. non-fasting 10/17/47. 

2.5 u/kg. I. fasting 3/19/48. 

4.4 u/kg. I. V. non-fasting 10/20/47. 
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liavc reason to liclievc, on the basis of protection 
studies in mice (8) with the animal's serum, 
that a higher degree of resistance was jircsent at 
this time. These studies will he reported later. 

The condition of the site at which the adjuvant 
mixture was injected did not apjiear to influence 
the animals’ response to insulin as judged hy the 
normal insulin tolerance curves obtained in ani- 
mals with fluctuant masses or draining sinuses. 
Furthermore, only one of the four animals that 
became resistant developed any significant in- 
flammation at the injected site, and even in this 
subject resistance to insulin was clearly demon- 
strable when the inflammation had subsided. 

In none of the tolerance tests done in this 
animal were there any symptoms suggesting a 
hypoglycemic reaction or any allergic manifesta- 
tions such as scratching, dyspnea, or collapse. 
The endermal injection of 0.02 ml. of crystalline 
insulin in a concentration of 4 u/ml. on two 
occasions caused no immediate or delayed local 
reaction. 


The repeated finding of a normal fasting blood 
sugar indicated that the animal had no resi.slance 
to his own insulin. Furthermore, the animal ap- 
peared to be in good health and gained weight 
steadil}'. An intravenous glucose tolerance curve 
with 0.5 gm. glucose/kg. gave the following re- 
sult suggesting normal carbohydrate metabolism. 
FITS 90 mg./lOO mb; 30 minutes. 116 mg./lOO 
ml.; one hour. 88 mg./lOO ml.; two hours. 88 
mg./lOO ml.: three hours. 88 mg./lOO ml. In 
view of the ]n-e.scncc of resistance to commercial 
iiLsnlin. these results indicated the pre.sence of a 
specie.s-.specific iminnnity to beef and pork, but 
not to rabbit insulin. 

Further evidence for the species sjiecificity of 
the resistance \vas obtained in tests with human 
insulin. Curves are shown in Figure 3 where 
apjn'oximately 0.3 u/k'g. of human insidin caused 
falls in blood sugar of 39 mg./lOO ml. and 54 
mg./ 100 ink. results which were similar to those 
obtained in normal animals rccei\'ing cither hu- 
man or crystalline insulin in this dosage. As 


COMPARISON OF RESPONSE TO COMMERCIAL AND HUMAN INSULIN 
AFTER IMMUNIZATION 



Fig. 3 

The dates on which tlie insulin tolerance tests were done were as 


0.4 ll/kg. 1. V. commercial insulin 9/23/47. 

0.5 u/kg, I. V. commercfal insulin 1/6/48. 

o! 32 u/kg. I. V. human insulin (solid line) 10/29/47. 

0^32 u/kg. I. V. human insulin (dotted line) 10/31/47. 
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TESTS V/ITH ACTIVE INSULIN.CYSTEINE-INACTIVATEO INSULIN AND THE 
OOf/BlNATION OF THE TWO IN NORMAL RABBITS 



described above, much smaller falls in blood sugar 
followed the injection of 0.4 u/kg. and 0.5 u/kg. 
of commercial insvdin. The tests with human 
insulin were done in the period between the two 
tests with commercial insulin and therefore it is 
unlikel}^ that the responsiveness to human insulin 
was due merely to the loss of a resistance which 
x.was not species-specific. 

A final experiment was based on the assump- 
tion that the resistant animal’s antibody was 
directed against antigenic determinants on the 
insulin molecule which were distinct from the 
group or groups to which the hormone owes its 
specific effect on carbohydrate metabolism. Ac- 
cordingly, if the insulin molecule were shorn of 
Its active group, antibody might still combine with 
It and the injection of a large amount of such 


insulin into the resistant animal, b}' combining 
with the animal's antibody, might then bring 
about temporary susceptibility to the action of a 
relatively small dose of active insulin. 

To this end, 400 u of cr 3 'stalline insulin were 
inactivated under reduced oxygen tension with 
167 mg. cysteine HCl in the presence of suffi- 
cient NaOH to bring the pH to approximately 
7.0 (9). After the addition of phenol to make a 
final concentration of 0.5%, the solution contained 
the equivalent of 27 u/ml. During the proce- 
dure and upon exposure to room air the cysteine 
in this mi.xture slowh- became oxidized to ct's- 
tine forming a precipitate which was re.suspended 
each time the solution was used. When tested in 
fasting mice. 0.5 ml. of a 1 ; 5 dilution failed to 
induce any symptoms at 35° C.. indicating tb.at 
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rJFUUENCE OF CYSTEINE-INACTIVATED INSULIN ON THE SUSCEPTIBILITY OF THE 
INSULIN- RESISTANT RABBIT TO ACTIVE INSULIN 



Fig. 5 

Tlie dates on wliicli the insulin tolerance tests were done were as 
follows : 

Active insulin 0.5 u/kg. I. V. 1/6/48. 

Cysteine-inactivated insulin IS u/kg. I. V. 1/12/48. 
Cysteine-inactivated insulin followed by active insulin 1/8/48. 


the insulin had been at least 99% inactivated. 

The experiments with cysteine-inactivated insu- 
lin are shown in Figures 4 and 5. Each experi- 
ment consisted of three blood sugar curves done 
with cysteine-inactivated insulin alone, active in- 
sulin alone and cysteine-inactivated insulin fol- 
lowed in 20 minutes by active insulin. All 
injections were made intravenously. In each 
instance, the injection of the inactivated insulin 
caused a temporary rise in blood sugar which 
may have been due entirely or in part to the 
cysteine present. In the normal animals, the 
hypoglycemic effect of active insulin given after 
cysteine-inactivated insulin was like that of active 
bisulin alone. A strikingly similar result was 
obtained in the resistant animal though active 
insulin alone caused only a slight fall 
sugar. Thus, two agents— one of which lacked 
blood sugar lowering activity and indeed tended 
to raise the blood sugar, and the other having 
onlv a feeble blood sugar lowering effect in this 
animal— combined to produce a pronounced fall 


in blood sugar. These results indicate that the 
inactivated hormone combined with the animal’s 
antibody, leaving the active insulin free to lower 
the blood sugar. 

DISCUSSION 

The experimental production of a species- 
specific resistance to insulin in the rabbit on an 
immunological basis is evidence for the antigenic- 
ity of insulin and gives further support to the 
view that some instances of resistance to insulin 
in man have an immune basis. The element of 
species specificity explains the coexistence of 
resistance to exogenous insulin on the one hand 
and undisturbed utilization of endogenous insulin 
on the other. This appears to be the case in the 
resistant rabbit reported herein as well as in 
certain instances of insulin resistance which have 
been observed among non-diabetic patients re- 
ceiving insulin-shock therapy. 

It is difficult on the basis of our observations 
to arrive at a conclusion regarding the antigenic- 
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ity of insulin in llu' adjuvant mixture tised. owing 
to tlic iiigli niortaiitv of our animals. It can l)c 
safely stated, liowever. that with the method used 
only a small ])ro]K)rtion of animals will develop 
resistance within three months of the time im- 
munization is begun. Tlie possibility remain.s, 
however, that all animrds might become resistant 
if immunization were sufiiciently iJrolonged. The 
failure of other workers to jn'oduce uneciuivocal 
resistance to insulin on an immunological basis in 
experimental animals may have been due to the 
omission of adjuvants and ])erhai)s the use of an 
insufficiently sensitive test for the detection of 
resistance. In their paper describing the success- 
ful production of comidemcnt-fixing antibodies to 
insulin in rabbits receiving large intravenous and 
subcutaneous injections of insulin. W^asserman 
ft al. state (10) that no resistance to insulin 
developed. However, the method used in at- 
tempting to .show resistance was not described. 
The relationship between comiilement-fi.xing anti- 
bodies. precipitins and susceptibility to anaphy- 
laxis on the one hand and resistance to insulin on 
the other will require further investigation. 

Earlier studies in this laboratory (1. 2} as 
well as those reported herein are in conflict with 
the claim made by Wasserman and Mirsk}' (11) 
that insulins from various animal sources are 
immunologicall}'' identical. Indeed the observa- 
tions in our insulin-resistant animal can hardh' 
be e.xplained other than b)' assuming dififerent 
immunologic specificities for rabbit and human 
insulins on the one hand and beef and pork on 
the other. There is one possible, but unlikely, 
explanation for the results obtained by us, which 
retains the concept of the immunologic identity of 
all insulins. The assumption can be made that 
the modern method for the commercial extrac- 
tion and purification of insulin alters the molecule 
so as to confer upon it a new immunologic speci- 
ficity. According to this hypothesis, the resistant 
annual s antibody is directed against insulin modi- 
ed by the method currently used in the prepara- 
tion of commercial insulin and would fail to com- 
bine with native insulin (endogenous rabbit 
Risulin) or human insulin extracted by the older 
method used by us. 

The experiment with cysteine-inactivated in- 
sulin suggests that the antigenic specificity of the 
'usulin molecule is little altered by inactivation. 


a result which is in accord with conclusions 
reached by Wasserman ct al. (10). This experi- 
ment also indicates that the total available anti- 
body' in the resistant animal was not in excess of 
an amount which would neutralize 60 u of insulin 
(15 u/kg.). The estimated degree of resistance 
in this animal may' therefore be less than that 
seen in some instances of human resistance to 
insulin which may' require more than 5000 u in 
24 hours (70 u/kg.). However, regeneration of 
antibody during the 24-hour period may' be one 
factor contributing to the large insulin require- 
ment in such cases. 

SUMMARY 

Resistance to the hypogly'cemic action of com- 
mercial crystalline (beef and pork) insulin was 
induced in the rabbit by the repeated subcutaneous 
injection of crystalline insulin incorporated in an 
adjuvant mixture. The resistance to insulin was 
species-specific, as indicated by both the animal’s 
failure to develop •hyperglycemia and the response 
to human insulin, and appeared to be due to the 
development of an antibody for insulin. Evi- 
dence is presented which indicates that insulin 
treated with cysteine so as to destroy its hypo- 
gly'cemic activity' retains its capacity' to combine 
with antibody. 

We take pleasure in expressing our indebtedness to 
Miss Jean Buckley for technical assistance. 
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Tlic gamma rays ])r(Kliicc‘(l l)y radinioflim- pc-r- 
mit it.s direct measurement in vivo, and particu- 
larly in tlie tliyroid gland, both of the human 
subject and of animahs. with little or no disturl)- 
ance of existing ecinilihrinms, provided, that is. 
that the jjossihility of a biologic elTect of radio- 
iodine due to its radiation i)cr se i.s disregarded. 
Full realization of the ])Ossihilities of this (juanti- 
tative method of measurement has been thwarted 
by .difficulties of interpreting the observations as 
well as by numerous technical difficulties which 
interfere with accuracy in the absolute measure- 
ment of radioiodine in vivo. These difficulties 
include geometric problems arising from anatomic 
variations in the thyroid and surrounding struc- 
tures and the problem of evaluating the degree of 
absorption and scattering of radiation that occurs. 
However, in spite of the foregoing considerations, 
relative measurements over the th 3 'roid, e.xpressed 
simply in counts ]3er second, have yielded useful 
data. 

Hamilton and Soley ( 1 ) studied the collection 
of P^i l)y the th 3 Toid in 17 subjects after admin- 
istration of the radioiodine with 14 mg. of inert 
iodide as carrier. Data from normal individuals 
were recorded in smooth curves which reached a 
plateau about two days after administration of 
the dose and thereafter remained flat. Curves of 
collection for patients with nontoxic goiters re- 
sembled those of normal persons but larger quan- 
tities of radioiodine were collected. Th 3 'rotoxic 
glands had a maximal uptake of P®” in one to 
four hours and the uptake then fell rapid^' in 24 
hours to one half to one fifth the maximal value. 

^ Abridgment of thesis submitted by Dr. Luellen to the 
Faculty of the Graduate School of the University of 
^linncsota in partial fulfillment of the requirements for 
the degree of Alaster of Science in Medicine. 

Fellow in Aledicine, Mayo Foundation. 


A nontoxic goiter in a child who had hypothy- 
roidism showed a curve like that produced b 3 ’ 
the thyrotoxic glands and the thyroid glands of 
four children having hypothyroidism without goi- 
ter collected onl 3 ' a small amount of radioiodine. 
Later Hamilton (2) reported that, when 0.1 /^g. 
instead of 14 mg, of iodide was used as carrier, 
the maximal uptake in h 3 'perthyroid glands was 
several times greater and the rapid loss of radio- 
iodine from the thyroid previously observed did 
not occur. In 1943, Hamilton and his associates 
(3) reported that the thyroids of two children 
who had hypothyroidism and goiters collected 
and retained relatively large amounts of radio- 
iodine, Hertz (4) in 1941 made in vivo measure- 
ments over the thyroid region and found that the 
uptake of radioiodine in untreated hyperplastic 
thyroid glands approached 100 per cent. 

Quimby and McCune (5) in 1947 made in vivo 
measurements of radioiodine in children. The 
mean collection by normal subjects was 12 per 
cent of the dose. The thyroids of h 3 -perthyroid 
patients collected substantially more than this 
whereas hypofunctioning glands collected less than 
1 per cent of the dose. Stanley and Astwood (6) 
in 1947 administered I’^’ in doses of, 100 micro- 
curies without carriers to normal subjects for 
the purpose of assaying antithyroid compounds. 
When the counts per second recorded over the 
thyroid were plotted against the square root of 
time, the observations could he fitted to a straight 
line, from which was calculated an arhitrar 3 ’ nu- 
merical value which thev called an “accumtflation 
gradient." The value of this gradient in euthv- 
roid subjects varied from 1.4 to .36,4 'with a 
mean value of 9.4. 

Keating. Power, Berkson and Haines (7) have 
described studies on the e.xcretion of radioiodine 
in the urine of Iiuman subjects. They indicated 
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dial neither llie proiiortion of a (lo.se of raclio- 
ioclinc cvcMitiially excreted in the urine (the renal 
fraction) nor the rate constant estimated from 
die curve of urinary excretion could he regarded 
as direct or ((uaiititative measures of the function 
of the kidney witli regard to excretion of iodine. 
1'hc former they felt to he a relative quantity 
deiKMiding on the capacity of tlie thyroid and of 
other tissues to dispose of iodine as well as of 
the kidney to excrete it, and the latter they in- 
ferred to he the rate of disappearance of radio- 
iodine from hlood. McConahey and co-workers 
(8) conlirmcd the latter assumption hy showing 
that no significant dift’erence existed hetween the 
rate of disaiipearancc of radioiodine from hlood. 
as determined directly by examination of the 
hlood itself, and the rate of disappearance ob- 
tained from simultaneous observations on urine. 
The measure of renal excretion of radioiodine was 
shown to be the jiroduct of the renal fraction and 
the rate of disa])pearance of radioiodine from 
blood. 

Keating and associates inferred from their anal- 
ysis of urinary excretion that the same consid- 
erations would apply to the accumulation of 


radioiodine by the thyroid ; namely, that both the 
proportion of a dose of radioiodine eventually 
collected by the thyroid, and the rate constant 
derived from a curve of radioiodine accumulation 
hy the thyroid, would prove to he hidircct and 
relative rather than direct and qiiantifafive meas- 
ures of the function of the thyroid with respect 
to accnmnlation of iodine. 

Jt was the purpose of our investigation to ap- 
ply the foregoing considerations directly to in vivo 
measurement of radioiodine in the thyroid of 
human beings and. particularly, to compare the 
kinetic behavior of radioiodine in the thyroid it- 
self with observations in vivo on peripheral tis- 
sues, the concentration of radioiodine in the blood 
and the urinarj' e.xcretion of this substance. 

METHODS AND MATERIALS 

Tlie Geiger counter tubes used contained mica win- 
dow.s of approximatelj' 3 mg. per square centimeter or 
about 0.01 mm. thick and 3.0 cm. in diameter. Counts 
were recorded liy means of a scaling circuit with a scale 
of 256. Tlie principle of a shield as described by Seidlin 
(’/ at. (9) was used ; this consisted of a solid lead cylinder 
5.2 cm. thick and 11.5 cm. in diameter to interpose be- 

“ Manufactured by tlie Radiation Counter Laboratories. 
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Apparvtu.s for vivo Measurement of Radioiooine in the Thyroid 
WITH A Geiger Counter 


Note sltieldcci center tnbe monnted on a roentgen-ray tube .taodard, movable 
,1 .”m to interposed bettveen the thyroid and the tv.ndo.v of the eonnter, acahng 

circuit and recording clock. 
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Fig. 2. Radioiodine Accumulation Curves in a Case of Adenomatous 
Goiter without Hyperthyroidism Illustrating the Magnitude of the Cor- 
rection for Radiation from the Body and from the Tissues of the Neck 


tw_een the thyroid gland and the counting tube, which 
when- in place blocked out more than 99.5 per cent of 
the direct gamma rays from the thyroid gland. To al- 
low enough room to interpose the lead shield and to 
have the tube far enough away to receive rays from the 
entire gland a standard distance of 10 cm. above the 
thyroid and thigh was chosen at which to place the 
counter tube. Readings taken with the shield were sub- 
tracted from readings without the shield. This corrected 
for background radiation from the entire body. 

The counter tube was kept in an assembly attached to 
a standard so that it could be raised, lowered or turned 
in any direction (Figure 1). The assembly consisted of 
a ead cylinder with a wall 16 mm. in thickness surround- 
ing the counting' tube. Over the window of the tube at 
t e lower end of the assembly was a 2.7 mm. brass 
ter, (Low counts were increased by using instead a 
Wter consisting of 0.2 mm. copper with 0.04 mm. lead.) 

pad was placed under the patient’s neck so that the 
^rc of the neck would remain constant Adhesive tape 
was placed over the center of the thyroid. The tube 
^ centered ovbr a cross on the center of the 

fiH *'tf using a thin brass plate, which exactly 

, ^ ^ ^ ®ud of the tube assembly, and the center 
which had a small chain attached to it to act as a 
P umb line. Readings were taken with and without the 
smew interposed above the thyroid and then with and 
without the shield above the thigh and 10 cm. cephalad 
the patella. Whenever there was considerable dis- 
epancy between any Uvo readings, a third or fourth 

measurements over the thigh 
Nei^e made primarily to correct for the radiation due to 
extracellular fluids of the neck. In- 
c time for setting the tube, the time for one 


such series as just described which led to a single point 
on a graph required about 30 minutes. 

The I^®!- was given to fasting subjects in 100 /ig. of 
sodium iodide as carrier. Tracer doses of consisted 
of about 100 to 1,700 microcuries and therapeutic doses 
of more than 2,500 microcuries. The neck was palpated 
and the center of the thyroid gland (if palpable) was 
marked with adhesive tape on which a cross was marked. 
With the patient lying face upward on a cot, readings 
were taken with the counter tube set 10 cm. above the 
thyroid. Readings were made every 30 to 90 minutes 
for eight hours and daily thereafter. 

In a series of seven patients who apparently did not 
concentrate radioiodine in their thyroid glands, it was 
found that the average ratio of radioactivity over the 
neck, compared to that over the thigh after the ratio 
became relatively constant, was 2.3 with a range of 2.1 
to 2.6. Since in each given case the neck-to-thigh ratio 
would only be approximate, it was arbitrarily decided to 
subtract two times the reading obtained from the thigh 
to correct for the radioiodine in the blood and extra- 
cellular fluid in the neck. Figure 2 illustrates the mag- 
nitude of the corrections which were made for body 
radiation and radiation of the extrathyroid part of the 
neck in an average euthyroid subject. The top curve is 
that which was obtained when neither of these correc- 
tions was made. The second curve from the top shows 
tlie effect of correction for body radiation (subtraction of 
the readings over the thyroid area with the shield inter- 
posed). The third curve from the top is the one which 
was used routinely and was obtained by subtracting twice 
the values for thigh from the values plotted in the sec- 
ond curve from the top. In cases in which the uptake of 
radioiodine in the thyroid gland was larger, such cor- 





Hours 


Fig. 3. Individual Curves of Accumulation of Iodine in the Thyroid 


a. For normal volunteers and euthyroid individuals with carcinonia of the thy- 
roid. h. For individuals with adenomatous goiters without hyperthyroidism. Some 
of these appear to collect substantially more than other euthyroid patients, c. For 
individuals with hyperthyroidism who received tracer doses. Curves constructed 
from therapeutic doses did not differ significantly. 
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reclions made even less difference than in the case illus- 
trated. 

For a patient receiving a large dose of for thera- 
peutic purposes, tlie counting tube was not able to record 
all the counts. It was necessary in such situations to 
use a lead filter in addition to the brass filter over the 
window of the tube. The sensitivity of the tube was 
checked against a radium standard. Corrections were 
made for the resolving time of the counting tube, the 
decay of the and for the various filters used. 

Fourteen studies were made of 13 euthyroid subjects 
including two normal volunteers, three patients having 
carcinoma of the thyroid ofTow grade of malignancy and 
eight patients having adenomatous goiters without hyper- 
thyroidism. Observations in one case were previously 
reported by Keating and his co-workers. Fifteen studies 
were made on ten patients who had hyperthyroidism. Six 
studies were made on six myxedematous patients. Stud- 
ies of the blood and urine were carried out as described 
in previous papers (7, 8). 

RESULTS 

Figure 3a shows individual iodine-accumula- 
tion curves of normal volunteers, and of euthyroid 
patients with thyroid carcinoma of low grade of 
malignancy ; Figure 3b shows the individual 
curves of euthyroid patients with adenomatous 
goiters, and Figure 3c the individual curves of 
patients with exophthalmic goiters receiving tracer 
doses. Curves obtained in five additional cases of 
exophthalmic goiter after therapeutic doses and 


curves obtained in six cases of myxedema are not 
shown individually but are summarized in Fig- 
ure 4. In order to place all subjects on a com- 
parable basis as far as dosage was concerned, 
observations of radioactivity were expressed as 
counts per second per millicurie of dosage. That 
is, the counts per second as observed were di- 
vided by the millicuries of dosage before plotting. 
When different filters were used, a similar ad- 
justment was made for the effect of the filter. 
Each count observed at 10 cm. was equal ap- 
proximately to 2.5 microcuries. Such adjust- 
inents for dosage and filter are valid as far as 
they go but comparison from case to case even 
with these corrections is at best a rough approxi- 
mation since it takes no account of the varying 
shapes of the thyroid and the varying locations in 
the necks in different individuals. 

The curves were all exponential. The curves 
of the normal individuals and of euthyroid pa- 
tients with carcinomas or adenomas without hy- 
perthyroidism reached their peak value in about 
24 to 48 hours and, thereafter, diminished very 
slowly. The curves of hyperthyroid patients, 
whether obtained after tracer or therapeutic doses, 
rose more steeply and to higher peaks and, there- 
after, decreased more rapidly than the curves of 
euthyroid persons. It made no apparent differ- 



Fig. 4. Composite Accumulation Curves Constructed from the 
Mean Observations for Each Point in Time for Each Group 
The curve for myxedema represents six cases, in none of which did 
the thyroids retain significant quantities of radioiodine. The curve for 
therapeutic doses in hyperthyroidism does not differ significantly from 
the curve for tracer doses. 
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Fig. 5. CoMrosiTE Curves of RAOioACTiviTy over the Thigh 
Constructed from the Mean Observations for Each Point in 
Time for Each Group 

These curves correspond in form to those obtained by McConahey and 
associates by analysis of blood samples. 


ence in the shape of the curves or in their appar- 
ent magnitude expressed as counts per second per 
millicurie whether tracer or therapeutic doses 
were measured. There was some overlapping 
between the lowest curves for hyperthyroid pa- 
tients and the highest curves for euthyroid sub- 
jects. The curves obtained in cases of myxederna 
showed little or no accumulation of radioiodine in 


;he thyroid. 

Figure 4 shows the composite curves for each 
if the four types of condition studied computed 
from, the means of the observations versus time: 
( 1 ) euthyroidism, all cases, (2) hyperthyroidism 
with tracer doses, (5) hyperthyroidism with ther- 
apeutic doses, and (4) myxedema. The peaks in 
cases of hyperthyroidism were about three times 
as great as the peaks in cases of euthyroidism 
and half of the peak value was reached in less 
than two hours while the euthyroid curve reached 
half its peak value in about four hours. 

Two patients were studied who clinically were 
thought to have hyperthyroidism but who failed 
to collect radioiodine. The neck-to-thigh ratio m 
each case was approximately 2 : 1 
radiation over the neck decreased at the sam 
rate as over the thigh. No concentration of radio- 
activity could be detected in the pelvis or other 

parts of the body. , 

One patient was a nervous woman, aged 
years, whose basal metabolic rates ranged from 
+ 23 tr + 37 per cent. She had taken todtne 
for a year and had discontinued its use too weAs 
prior to the tracer study. At operatton 6 gm. 


representing approximately three fourths of the 
thyroid was removed. It showed slight paren- 
chymatous hypertrophy. Thyroidectomy did not 
relieve her symptoms. 

The second patient was a women, aged 38 
years, whose basal metabolic rates varied from 
-1- 18 to + 23 per cent. Biopsy of the skin dis- 
closed lupus erythematosus; the spleen was en- 
larged, and the thyroid was not palpable. A 
cholecystogram had been made 12 days before 
radioiodine was given. No improvement fol- 
lowed a therapeutic trial of Lugol’s solution. 
Thyroidectomy was not performed. 

In Figure 5 composite curves of observations 
over the thigh are plotted as counts per second 
per millicurie of dose against time in hours. The 
conditions studied were (I) euthyroid state in 
11 cases; (2) hyperthyroidism in 11 cases, and 
(J) myxedema in six cases. The curve for pa- 
tients who had hyperthyroidism had the lowest 
peak. This was reached within 30 minutes after 
observations were begun and values, thereafter, 
decreased the most rapidly of any of the three 
groups; that is, it decreased to one half of its 
peak value in two and a half to three hours. 
The curve for euthyroid patients reached its peak 
in one hour, at a higher level, and fell more slowly, 
reaching its half value in about six hours after 
the peak was reached. Finally, the curve for 
myxedematous patients indicated that the peak 
of radioactivity in the blood and extracellular fluid 
vs^as not reached until about two to three hours 
after oral administration of This peak was 
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the highest of the three, and half of the peak 
value was reached in about 11 to 13 hours. The 
counts from the thigh with small tracer doses 
were small and inaccurate owing to the low level 
of radioactivity. The similarity between curves 
of measurements from the thigh and from the 
blood was most striking. 

COMMENT 

Observations with a Geiger counter, and in 
particular observations in vivo, are subject to 
numerous sources of error. These include varia- 
tions in the sensitivity and stability of the counter 
tube, a statistical counting error which varies with 
the counting rate as compared to the background 
count and in the case of high counts a systematic 
error resulting from the resolving time of the 
tube. Such purely physical errors can be cor- 
rected or minimized by careful technic, but despite 
the utmost care such errors place a definite limit 
on the precision of in vivo counting. Other er- 
rors arise from a consideration of the varying 
size and shape of the thyroid and surrounding 
struc tures in different individuals, variations in 
radiation entering the apparatus from other parts 


of the body than that being measured and so forth. 
To a certain extent these too can be minimized 
but not eliminated by careful technic. It is im- 
possible to express quantitatively the net error in 
the observations which result from the sum of 
the foregoing and the efforts to minimize them. 
Such errors become especially important when an 
attempt is made to measure radioactivity in some 
absolute term, but even in the present case, in 
which radioactivity is measured in counts per sec- 
ond, at various intervals of time, one must regard 
the observations as having an error of the order 
of magnitude of perhaps 10 per cent. Minor fluc- 
tuations, therefore, might easily occur in the quan- 
tity of radioiodine in the thyroid which could not 
be detected by this method. 

Inspection of the curves in Figure 3 indicate 
that, as shown by other observers, the hyper- 
plastic thyroids of hyperthyroid patients accumu- 
late much larger quantities of radioiodine and do 
so more rapidly than do the thyroids of euthyroid 
individuals. It is unfortunate that a larger group 
of normal persons were not available for compari- 
son. We have been reluctant to perform radio- 
iodine studies on more normal volunteers at the 
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Fig. 6. Curves Denoting Accumulation of Rabioiodine in a Case of Adenomatous 

Goiter without Hyperthyroidism 

Curves were constructed from simultaneous observations made over the thyroid and the 
thigh and analyses for radioiodine in samples of blood and urine. Note that thyroid and urine 
curves are similar in form and that blood and thigh curves resemble each other closely. That 
all four have a common denominator is indicated by the fact that all tend to level off at about 
the same time. 
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doses wliich present technics require because of a 
growing concern over the quantity of radiation 
involved. This may be of the order of 12 roent- 
gens equivalent physical (r.e.p.) per day initially 
and a total integrated dose of the order of 150 
r.e.p. when 100 microcurics of arc given. So 
far as our observations show, the thyroids of 
euthyroid individuals with thyroid malignancy of 
low grade behave in an essentially normal fashion, 
as do most thyroids of euthyroid individuals with 
small or moderate adenomatous goiters without 
hyperthyroidism. For purposes of comparison 
with hyperthyroid and hypothyroid patients these 
have been included. In the cases of malignant 
disease of the thyroid included in this study the 
malignant tissue, so far as could be determined, 
did not collect a measurable amount of radioio- 


common to all four curves can be inferred from 
the fact that they all tend to level off at about the 
same time. It is of interest, therefore, to analyze 
these curves in the manner employed by Keating, 
Power, Berkson and Haines (7) for the study of 
urinary excretion of radioiodine. 

ANALYSIS OF CURVES 

Observations of the quantity of radioiodine in the 
thyroid can be fitted with an exponential function of 
the form 

QthTTaii = Qt = Qtt (1 — e "''0 

where Qt is the quantity of radioactivity expressed as 
counts per second in the thyroid at any time, Qtr the 
asymptotic (twHC = infinity) value of the function Qi, 
and r a rate constant. Similarly the descending portion 
of the observations made over the thigh can be fitted with 
an exponential function of the form 


dine. In a large group of cases of adenomatous 
goiter without hyperthyroidism in which the uri- 
nary excretion of radioiodine was studied, consid- 
erably more variation in the behavior of the 
radioiodine occurred than in other euthyroid 
groups. A certain proportion of the thyroid 
glands of these patients, particularly the large 
nodular goiters, behaved more like hyperthyroid 
than euthyroid glands. The radioiodine-accumu- 
lation curves of the adenomatous goiters without 
hyperthyroidism included in the present study 
(Figure 35) in general resembled those of nor- 
mal subjects and euthyroid patients with malig- 
nant lesions, although several patients retained 
larger quantities of iodine in their thyroids. One 
patient in particular (Case 8, Figure 35) Collected 
more iodine and did so more rapidly than any 
other euthyroid individual studied. It is prob- 
able, therefore, that adenomatous goiters, espe- 
cially large ones, ought not to be regarded as 
entirely normal in function even in the absence 

of clinical hyperthyroidism. r ■ a- . 

The form of the curve of accumulation of iodine 
in the thyroid appears on inspection to e ex- 
ponential and resembles closely the curves con- 
structed from observations of urinary excretion m 
a previous paper. Furthermore, the form of the 
curve of radioactivity over the thigh J 

closely to that constructed from determinations of 
radioiodine in blood serum. Figure 6 
the relationships of all four types of 
in a case of adenomatous goiter without hyper 
thyroidism. The existence of a rate consta 


QthlKh — Qe — QfO 

where Q» is the quantity of radioactivity in counts per 
second at time t and 0«o is the value of the function 
corresponding to t = 0. The parameters Qif and r for 
the thyroid curve were evaluated by the method pre- 
viously described, consisting of plotting log (Qif~Qt) 
against t for various estimated values of Qtr until the 
relationship fits a straight line, and from the slope of 
this line evaluating r. In the case of the curve for the 
observations of the thigh, the parameters Q,o and r are 
evaluated from a straight line fitted to the plot of log Qt 
against i. 

Table I shows the values for the rate constant 
r as evaluated in the same patients from { 1 ) the 
curves of accumulation of radioiodine in the thy- 


Values for the rale constant r determined from urine, 
thyroid arid thigh 


Condition 

Cases 

r tper cent per hour), mean* . 

Variability of rt 

Urine Thyroid 

Thigh 

(S.D.)* 

vari- 

ance 

P 

Euthyroid 

14 

13.8±0.9 13.5±0.9 

14.4±1.0 

3.18 

>0.0S 

Hvoerthyroid 

IS 

37.9±3.3 40.3±3.7 

36.2 ±3.1 

26.73 

>0.05 

Hypothyroid 

6 

5.93 ±0.3 6.10±0.5 

I6.65dr0.6 

1 

0.70 

>0.05 


* The value after the ± is the standard error of the 
mean. 

t The variability of r for each case was calculated as the 
variance (squared S.D.) of the three estimates derived 
(urine, thigh, thyroid); the value in the table is the mean 
variance for the group. The P value was calculated by 
the method of analysis of variance (10) to determine 
whether the differences among the determined r’s were 
significant statistically. A value of P < 0.05 is generally 
considered a good_ criterion of significance. (For none of 
the groups was it indicative that the r’s determined in the 
different ways were different.) 
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TADLE II 

Values for rate constant r determined from urine, 
blood, thyroid and thigh 


Condition 

Cases 

r (per cen^ per Aour), mean* 

Varinbility 

ofrt 

Urine 

Blood 

Thyroid 

Thigh 

CS.D.)» 

vari- 

ance 

P 

Euthyroid 

Hyper- 

6 

14.5±1.1 

15.0±0.8 

12.9±1.1 

14.0:1:1.0 

3.76 

>0.05 

thyroid 

Hypo- 

thyroid 

7 

39.0±5.3 

39.3±5.B 

40.6±6.0 

37.0±5.1 

26.84 

>0.05 

4 

6.0±0.5 

8.6dbl.3 

G.0±0.7 

6.9±0.B 

2.68 

>0.05 


* The value after the =h is the standard error of the 
mean. 

t The variability of r for each case was calculated as 
the_ variance (squared S.D.) of the four estimates derived 
(urine, blood, thigh, thyroid); the value in the table is the 
mean variance for the group. The P value was calculated 
by the method_ of analysis of variance (10) to determine 
whether the differences among the determined r’s were 
significant statistically. A value of P < 0.05 is generally 
considered a good criterion of significance. 

roid, (2) observations over the thigh, and (3) 
analysis of urinary excretion. Table II shows a 
similar comparison in those cases included in the 
first table in which, in addition to the foregoing, 
the concentration of radioiodine in blood also was 
determined. It appears from the analysis in both 
tables that the rates obtained by these various 
methods are not significantly different from one 
another either in the individual cases or when the 
means for the various groups are compared. The 
actual values obtained in an individual case do 
show some random variation from one method to 
another which can be ascribed to the errors in the 
analytical methods employed and in addition to 
inaccuracies arising from the methods of curve 
fitting employed for the estimation of the rates. 
The rate as determined from analysis of the thy- 
roid curve is the same as that obtained from ob- 
servations over the thigh, on the urine and on 
the blood. . It is not a measure of thyroidal accu- 
mulation rate, but like the rate constant derived 
from urine represents the proportional rate of 
fiisapp^rance of radioiodine from blood. This 
follows from the same analysis on which the 
previous calculations of Keating and associates 
were based. The rate of disappearance of radio- 
iodine from blood, however estimated, usually 
^ries according to the state of thyroidal activity. 
No matter how measured it is not a quantitative 
'^^sure of accumulation of iodine in 
t e thyroid gland, since it must measure the rate 


at which iodine disappears from the blood into all 
sites of disposal including the urine and other 
tissues as well as the thyroid. 

SUMMARY 

A method is described for making relative in 
vivo measurements of the quantity of radioiodine 
accumulated by the thyroid.- Accumulation of 
radioiodine by the thyroid has been measured in 
29 individuals having various states of thyroidal 
function. These measurements have been com- 
pared with observations over the extremities 
(thighs), with measurements of urinary excretion 
and with analysis of blood for radioiodine. 

In vivo observations over the thyroid show 
substantially more radioiodine accumulated by the 
thyroids of hyperthyroid individuals than by the 
thyroids of euthyroid individuals. Euthyroid pa- 
tients with nodular goiters may at times collect 
more radioiodine in their thyroids than other 
euthyroid subjects. Hypothyroid patients show 
little or no accumulation of iodine in their thy- 
roids. 

The accumulation of radioiodine by the thyroid 
was observed to follow an exponential curve 
similar in form to the curve of urinary excretion 
of radioiodine. Observations of radioactivity over 
the thigh, on the other hand, resembled closely 
curves constructed from analyses of radioiodine 
in serum. 

Estimation of the exponential rate constant of 
the curve of radioiodine accumulation by the 
thyroid was found to have the same value as the 
rate constant estimated from observations over 
the thigh, from observations of urinary excretion 
or from analyses of blood for radioiodine. This 
rate is regarded as representing the rate of dis- 
appearance of radioiodine from blood no matter 
which method is used to obtain it. 

The rate of disappearance of radioiodine from 
blood varies according to the state of thyroidal 
activity. Even when obtained directly from ob- 
servations on the thyroid in vivo, however, it does 
not provide a direct or quantitative measure of 
the accumulation of radioiodine by the thyroid, 
since it must measure the rate of disappearance of 
radioiodine from the blood into all sites of dis- 
posal, including the urine and other tissues as 
well as the thyroid. 
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At least two distinct mechanisms appear to be 
responsible for accumulation of iodine by the thy- 
roid gland. The first, called the “iodide trap” 
by Vanderlaan 'and Vanderlaan (1), involves the 
concentration, presumably within the thyroid cells, 
of inorganic iodide obtained from the circulating 
blood. The second, called hormonal synthesis, 
involves the utilization of the trapped iodide for 
the synthesis of organic iodine compounds (chiefly 
diiodotyrosine and thyroxine) which are then 
stored in the colloid in thyroglobulin. 

Vanderlaan and Vanderlaan (1), and Taurog, 
Chaikoff and Feller (2) have shown in the rat 
that, even after hormonal synthesis has been 
•blocked by an antithyroid drug such as propyl- 
thiouracil, the thyroid concentrates relatively large 
quantities of radioiodine. The radioiodine so 
concentrated remains in the form of iodide and 
Taurog and associates have shown that it leaves 
the thyroid at a rate which parallels the decrease 
of radioiodine in the blood, suggesting that an 
equilibrium exists between the two. This ability 
to concentrate radioiodine can be promptly abol- 
ished by the administration of thiocyanate, which 
thus appears to act as a specific poison to the 
iodide trap. 

The iodide-concentrating function has been 
studied in the human thyroid by Stanley and 
Astwood (3), who gave tracer doses of I^®^ some 
hours after administration of a dose of mercap- 
toimidazol or propylthiouracil. Significant con- 
centration of radioiodine occurred in the thyroid, 
reaching a peak in one to three hours, thereafter 
decreasing and largely disappearing within 24 
hours. Administration of potassium thiocyanate 
after the curve of iodine concentration in the 
thyroid had reached a maximum was followed 

^Fellow in Biophysics, Mayo Foundation. 

' Fellow in Medicine, Mayo Foundation. 


by abrupt disappearance of the radioiodine from 
the thyroid within an hour. 

The foregoing is in marked contrast to the 
manner of accumulation of radioiodine by the 
untreated thyroid gland (4, 5). The accumula- 
tion of radioiodine in the unblocked thyroid can 
be expressed by an exponential curve which levels 
off between 24 and 48 hours and thereafter the 
quantity present in the thyroid diminishes grad- 
ually over a period of several weeks. Hyper- 
functioning glands accumulate radioiodine both 
more rapidly and in larger quantities than normal 
glands and subsequently lose the radioiodine more 
rapidly than normal glands. Analyses of thyroid 
tissue removed 48 or more hours after adminis- 
tration of a dose of radioiodine reveal that more 
than 90 per cent of the radioiodine present is 
organically combined (6). Taurog and Chaikoff 
(7) have shown that the untreated thyroid gland 
of the rat converts the radioiodine which it ac- 
cumulates to organic form with astonishing rapid- 
ity, 95 per cent of the quantity present in the 
thyroid being organically bound as early as 15 
minutes after the dose has been given. The ac- 
cumulation curve of the untreated thyroid gland 
may thus be regarded as reflecting both the 
iodide-trapping and the synthetic function, but it 
seems probable that both the maximal point in 
the curve and the rate at which accumulation 
occurs reflect hormonal synthesis more than 
trapping. 

The accumulation of iodine by the human thy- 
roid as disclosed by radioiodine has been shown 
to vary significantly in varying states of thyroid 
activity (4, 8, 9) and has attracted attention both 
as an aid in diagnosis of thyroid disease and more 
importantly as a new approach to the clinical 
study of normal and disordered thyroid function. 
It represents a distinctly different aspect of thy- 
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roid function than other measures of thyroidal 
activity ordinarily employed clinically, such as 
protein-bound iodine, basal metabolic rate and 
blood cholesterol. 

/» vivo measurement of the quantity of radio- 
iodine in the thyroid involves a number of tech- 
nical difficulties. In order to convert the counts 
recorded by a suitable Geiger counter to absolute 
terms such as microcuries or percentage of the 
dose given, i;; vivo measurements must be com- 
pared with suitable standards. Account must be 
taken of the stability and efficiency of the count- 
ing tube employed, the geometric relation of the 
apparatus to the subject, the depth and dimen- 
sions of the thyroid, the radioactivity in other 
parts of the body and such factors as absorption 
and scattering of photons by the thyroid and the 
tissues which surround it. In vivo measurement 
is thus subject to observational errors of consid- 
erable magnitude. 

A number of investigators have dealt with these 
problems. In 1940 Hamilton and Soley (4) 
made the first attempt to determine the absolute 
amount of collected in the thyroid. Their 
method consisted in measuring the radioactivity 
over the anterior and posterior (seventh cervical 
vertebra) aspects of the neck. The ratio of these 
values represented the proportion of radiation 
from the thyroid which penetrated to the back of 
the neck. The “correct” value for the radio- 
activity in the thyroid was calculated from this 
by comparison with a suitable standard of radio- 
iodine. In 1946 Seidlin, Marinelli and Oshry 
(10) shielded their Geiger counter with 1.91 cm. 
of lead and measured the radioactivity through a 
window in the lead shield. The difference be- 
tween the reading with the window open and 
that with the window plugged with a 1.91 cm. 
thickness of lead represents the radioactivity of 
the region being measured. The absolute value 
was then determined by comparing reading 
with that of a known amount of I^®^. In 194 

uimby and McCune (11) made absolute meas- 
.A'rements by placing their Geiger counter directly 
over the neck and comparing these readings with 
those of known samples in a “phantom. 

The iodine-accumulating function of the thyroid 
has been estimated from in vivo observations in 
various ways: 1) by measuring the quantity o 
radioiodine maximally accumulated (4, 8, 9) ; 


2) by measuring the quantity accumulated in 
some selected period (10, 11); 3) by observing 
the relative form and magnitude of the iodine- 
accumulation curve (4, 5); 4) by estimating 
from this curve an arbitrary accumulation gra- 
dient (12) ; or 5) by determining the rate con- 
stant of the exponential accumulation curve (5). 
Since Hamilton and Soley had shown that most 
of a dose of radioiodine was either collected by 
the thyroid or excreted in the urine, some observ- 
ers (13) have employed measurements of the 
quantity excreted in the urine in a selected period, 
usually 48 hours, to estimate the proportion of 
the dose collected by the thyroid. There appears 
to be need for data regarding the relationships of 
such diverse observations to one another and 
their individual validity as quantitative measures 
of iodine-accumulating function. 

Keating, Power, Berkson and Haines (14) esti- 
mated from the curve of urinary excretion of 
radioiodine two values : (c) the asymptotic quan- 
tity in the urine, which they termed the “renal 
fraction”; (b) a rate constant, which they con- 
sidered to represent the disappearance rate of 
radioiodine from blood. The product of these 
values, which they called “renal excretion rate,” 
they regarded as the most direct measure of renal 
function with regard to iodide excretion. The 
difference between excretion rate and disappear- 
ance rate represented disposal of iodine by all 
tissues other than the kidneys, and was called 
“collection rate”; a more exact term would have 
been “extrarenal disposal rate.” In so far as the 
thyroid is the most important site for the extra- 
renal disposal of iodide, the latter value should 
provide an index of the rate of iodine accumula- 
tion by the thyroid. In support of the interpre- 
tation of Keating and co-workers, McConahey 
and associates (15) determined the rate of dis- 
appearance of radioiodine from blood directly 
from measurements of samples of plasma and 
found good agreement with estimates of this value 
obtained from curves of urinary excretion by the 
method employed by Keating, Power, Berkson 
and Haines. Luellen and co-workers (5) ob- 
served that the rate constants estimated from 
curves simultaneously obtained from’: 1) {71 vivo 
observation of radioiodine in the thyroid in counts 
per second; 2) measurement of radioactivity in 
peripheral tissues (the thigh) ; and 3) urinary 
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excretion of radioiodine, all appeared to be the 
same as the rate of disappearance of radioiodine 
from blood as determined directly. It was sug- 
gested therefore that in vivo observations of radio- 
iodine in the thyroid might be analyzed in the 
same manner as the data for urinary excretion of 
radioiodine. Thus the product of the asymptotic 
quantity in the thyroid (expressed as a fraction 
of the dose given) by the disappearance rate of 
radioiodine from blood gives the quantity iodine- 
accumulation rate analogous to the quantity renal 
excretion rate. 

It is the purpose of this communication : 1 ) to 
describe an empirical method for measuring in 
vivo the quantity of radioiodine in microcuries 
collected by the human thyroid gland; 2) to pre- 
sent methods for estimating the iodine-accumula- 
tion rates from such data; and 3) to compare 
iodine-accumulation rate with other measures of 
the iodine-accumulating function of the human 
thyroid which may be derived from in vivo obser- 
vations and studies of urinary excretion after oral 
administration of radioiodine. 

METHODS 

Radioiodine emits both beta and gamma radiation. The 
beta radiation will not penetrate much more than 2 or 3 
mm, of tissue before being totally absorbed, whereas a 
large proportion of the gamma radiation will penetrate 
the tissue and continue in air for several meters. Since 
the gamma radiation will be emitted uniformly in all 
directions, its intensity at any distance from the gland 
should be inversely proportional to the’ square of the 
distance, provided one assumes the thyroid to be small 
enough to be considered a point source. Hence, by 
placing the Geiger counter at two different distances, P 
and Q, from the neck one should obtain two intensities, 
Ip and I,, which would be inversely proportional to the 
squares of the distances, A and B, from the focus of 
radiation to the effective portion of the counter. How- 
ever, the measurable distances, P and Q, are only from 
the surface of the skin to the outer surface of the 
counter. There remains a nonmeasurable portion, .r, 
which represents the depth of the thyroid from the sur- 
face of the skin plus the depth of the effective portion of 
the counter from its surface. It is obvious then that: 

A = P + x, 1 

B = Q+x, 2 

where A and B are the true distances. The relation of 
t icse quantities to each other is given by the equation 

_ (p + xy 

(Q + xy /, ^ 


and X, and hence A and B can be calculated from it 
when P, Q, Ip and Iq have been measured. 

To quantitate the measurements in millicuries or micro- 
curies, the foregoing procedure is first used with a known 
standard of The Geiger counter being thus cali- 

brated, it is possible to compute the amount of in 
the thyroid in millicuries or microcuries. It must be 
added that the background radiation is measured after 
each setting with a lead cylinder S cm. long and 9 cm. 
in diameter (which absorbs more than 99 per cent of 
the radiation going from the thyroid to the counter) 
interposed between the area that is being measured and 
the counter. This reading includes the cosmic radiation, 
radiation from the thyroid which has been scattered into 
the counter from other parts of the body, and direct 
radiation from I^®^ located in parts of the body other 
than the area being measured. The measurements were 
carried out with the apparatus and general procedure 
previously described by Luellen and associates (5). An 
empirical correction was made for radioiodine in the neck 
and not in the thyroid by subtracting twice the value of 
radioactivity recorded in the thigh. Except in the case 
of comparatively small accumulation in the thyroid, the 
latter correction is relatively insignificant. 

To determine the extent to which geometric relations, 
absorption and backscatter affect the measurements, sam- 
ples of Itsi solution of similar activity but of different 
diameters were embedded in paraffin phantoms (1, 3 and 
6 cm. diameter and 0.5 cm. deep). It was found that 
when distances (P and Q) of 25 and 45 cm. were used 
the "inverse-square” relationship was valid to within + 5 
per cent. When the was not more than 3.5 cm. 
below the surface, absorption of the radiation by the 
paraffin above the solution was compensated for by the 
backscatter from below and lateral to the source. For 
depths greater than 3.5 cm. the absorption was greater 
than the backscatter and the apparent amount of radio- 
activity decreased approximately 4 per cent per centi- 
meter of paraffin. Hence it would appear that this 
method of determining the amount of in the thyroid 
should give results which are correct to within + 15 
per cent. 

Serial in vivo observations were made of 30 subjects 
including 11 patients who had myxedema,® five euthyroid 
patients who had low-grade thyroid tumors, seven pa- 
tients who had adenomatous goiter without hyperthy- 
roidism and seven patients who had exophthalmic goiter. 
One or more in vivo observations were made on 26 addi- 

®The 11 cases of myxedema included in this study 
were all instances of severe spontaneous or postoperative 
myxedema in which in vivo studies did not show any 
measurable accumulation of radioiodine in the thyroid 
region. Certain cases of myxedematous states have been 
observed in which ^'arying degrees of iodine accumula- 
tion, sometimes of surprising extent, were observed in 
the thyroid. For the most part these included cases of 
thyroiditis, struma lymphomatosa and cj-anafc goiter. 
Such cases have been omitted from this study and will 
be made the subject of subsequent reports. 
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tional persons: II euthyroid patients who had thyroid 
tumors, six patients who Iiad adenomatous goiter without 
hyperthyroidism and nine patients who had exophthalmic 
goiter. In all instances, the urine was carefully collected 
and analyzed for radioiodinc in the manner described by 
Keating and associates (14). 

As in previous studies, both tracer and therapeutic 
doses are included in the series, careful comparison of 
the behavior of tracer versus therapeutic amounts in 
patients receiving both having failed to disclose con- 
sistent or significant differences either in the quantity of 
iodine initially accumulated by the thyroid or in the 
kinetic relationships involved during the first day or two 
after administration of the dose. 

In the interest of clarity the various values employed 
in this paper may be defined as follows : From the curve 
of urinary excretion of radioiodine arc derived (1) the 
renal fraction (Qvf), defined as the asymptotic (/ = 
infinity) quantity of radioiodine excreted in the urine 
expressed as a fraction of the dose ; (2) the disappearance 
rate (r), defined as the proportional rate at which radio- 
iodine disappears from the blood into all sites of dis- 
posal; (5) the renal, excretion rate, defined as the pro- 
portional rate of excretion of radioiodine by the kidneys 
(This is obtained by taking the product of the renal 
fraction and the disappearance rate [QufXr].); (4) 
the extrarenal disposal rate, which in previous publi- 
cations was called “collection rate,” defined as the pro- 
portional rate of disappearance of radioiodine into all 
sites other than the urine. This is obtained by subtract- 
ing the renal excretion rate 'from the disappearance rate 

(r [1-Quf]). . ^ u 

From the curve of accumulation of the radioiodine by 

the thyroid as measured in vivo can be obtained (5) tl^ 
thyroid fraction (Q,D defined as the asymptotic (f = 
infinity) quantity of radioiodine accumulated by the thy- 
roid expressed as a fraction of the dose; (<5) the disap- 


pearance rate (r) defined as in the previous paragraph; 
(7) the iodine-accumulation rate, defined as the propor- 
tional rate of accumulation of iodine by the thyroid (This 
is obtained by taking the product of the thyroid fraction 
and the disappearance rate [Qi/Xr].); (S) the extra- 
thyroidal disposal rate, defined as the proportional rate 
of disappearance of radioiodine into all sites other than 
the thyroid. This is obtained by subtracting the accu- 
mulation rate from the disappearance rate (r [I — Q if]). 

The renal fraction and the disappearance rate were 
estimated from observations on urine as previously de- 
scribed (14). The thyroid fraction and the disappearance 
rate have been estimated from in vivo observations of the 
thyroid as described by Luellen and his associates (5), 
except that the quantities in the thyroid have been ex- 
pressed in actual terms as percentage of dose instead of 
in relative terms as counts per second. 

Reference will also be made to (9) accumulation gra- 
dient, a term coined by Stanley and Astwood (12) and 
defined by them as the slope of a line obtained by plot- 
ting thyroid accumulation of radioiodine in counts per 
second per 100 microcuries of dose against the square 
root of time. The value is obtained by dividing the in- 
crease in counts per second during a given period against 
the number resulting from subtracting the square root of 
time in minutes at the beginning of the period from the 
square root of time in minutes at the end of the period. 

RESULTS 

In Table I are summarized the means of the 
various values estimated from the curve of urinary 
excretion and from the curve of m vivo observa- 
tions obtained simultaneously over the thyroid. 
For comparison are included (10) the mean 
quantities of iodine observed in the thyroid 12 


Diagnosis 


TABLE I 

Comparison of various values derived from serial observations of urinary excretion 
^omparisv j thyroidal accumulahon of radtotodtne 


...nt 

yroid pa- 
its who had 
Toid tumor: 
omatoUB 
ter without 
■jcrthy- 




Values from urinary excretion curve 

Values obtained from thyroidal curve 

Cases 

Basal 

metabolic 

rate 

(U* 

Renal 

fraction 

iQuf) 

(2) 

Disap- 

pearance 

rate 

(r) 

(3) 

Renal 

excretion 

rate 

{QufXr) 

{4) 

Extra- 

renal 

disposal 

rate 

(r[l -Quf]) 

(5) 

Thyroid 

fraction 

(Qtf) 

(6) 

Disap- 

pearance 

rate 

(r) 

(7) 

Accumu- 

lation 

rate 

{QifXr) 

{S) 

Extra- 

thyroidal 

disposal 

rate 

(r[l -0</]) 

{!>) 

Accumu- 

lation 

gradient 

11 

per cent 
-26.7±3.2t 

per cent 
of dose 
86.4 ±2.0 

per cent! 
hour 

5.6 ±0.4 

per centi 
hour 
4.7 ±0.5 

per cent/ 
hour 

0.9 ±0.3 

per cent 
of dose 

0 

per cent! 
hour 

per cent/ 
hour 

per cent! 
hour 


S 

0±4.4 

68.4 ±1.2 

ll.S±1.7 

7.8 ±1.0 

3.7 ±0.7 

18.5 ±4.6 

12.5 ±0.8 

2.4 ±0.7 

10.1 ±1.1 

3.1 ±0.5 

7 

' 7 

- 2.9 ±2.3 

+32.7 ±2.6 

57.3 ±6.3 

31.2 ±5.6 

14.0±1.0 

29.7 ±6.5 

7.8 ±0.8 

8.0±1.0 

6.2 ±1.3 

2 1.6 ±6.3 

29.5 ±4.7 

56.3 ±5.8 

14.2±1.7 

34.1 ±6.7 

4.6 ±1.3 

20.2 ±5.6 

9.6 ±0.5 

13.9±2.6 

6.0 ±1.5 

24.9±S.l 


UO) 

Quantity 

in 

thyroid 
after 
12 hours 


per cent 
of dose 
0 


14.8 ±4.2 

23.6±4.2 

49.8 ±5.0 
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hours after administration of the dose, and the 
accumulation gradient as defined by Stanley and 
Astwood (12). 

Of the ten values shown in Table I, eight vary 
significantly with variations in thyroidal activity 
and two do not. Renal excretion rate (.?) is 
regarded as a measure of renal function with 
respect to iodine. Extrathyroidal rate of dis- 
posal (5) measures the rate of disposal of iodine 
by all tissues other than thyroid, including kid- 
neys. As noted elsewhere, the mean disappear- 
ance rates (2 and 6) obtained by the two types of 
observations do not differ significantly. 

Attention is called particularly to the magni- 
tude by which the mean values differ in various 
states of thyroid activity. The renal fraction (J) 
is twice as high in the euthyroid patients as in the 
group having exophthalmic goiter but only a 
fourth higher in myxedema than in the euthyroid 
patients. The thyroid fraction (5) on the other 
hand is 3.0 times as great in exophthalmic goiter 
as in the euthyroid group. It will be noted that 
the quantity of iodine actually observed in the 
thyroid after an arbitrarily selected interval (12 
hours), also varies by about the same amount, 
being 3.4 times as great in exophthalmic goiter as 
in the euthyroid group. 

Disappearance rate (2 and <5) is 2.6 times as 
high in exophthalmic ■ goiter as in the euthyroid 
group, extrarenal disposal rate (4) is 5.5 times 
as high in exophthalmic goiter as in the euthyroid 
group, while the accumulation rate (2) differs by 
a factor of 8,4 and Stanley and Astwood’s accu- 
mulation gradient (P) by a factor of 8.1. 

It will be noted that the values for the group 
having adenomatous goiter without hyperthyroid- 
ism are to some degree intermediate between 
euthyroid and hyperthyroid groups. It was ob- 
served that large adenomatous goiters tended to 
show increased avidity for iodine even in the 
absence of clinical evidences of hyperthyroidism. 

The foregoing data were accumulated from 
serial in vivo observations obtained over a period 
of several days. Such serial observations provide 
a method of evaluating disappearance rate as 
described by Luellen and associates (5) and also 
for assigning a value to the thyroid fraction. 
Sufficient observation to enable one to construct 
f reasonably accurate curve is quite time-consum- 
ing both to patient and to observer and ties up 


the apparatus for the greater part of two days. 
Even so, there is likely to be an annoying hiatus 
in the curve unless observations are also made 
during the night. For these reasons a less time- 
consuming method for evaluating iodine-accumu- 
lation rate might have some advantages. 

Since the rate of disappearance of radioiodine 
from blood can be calculated from measurements 
over thyroid, peripheral tissues, urine or blood, 
one should be able to calculate with reasonable 
accuracy the value of thyroid accumulation rate 
from (a) a single accurate measurement over 
the thyroid made during the period of radioiodine 
accumulation, and (h) the value for disappearance 
rate calculated from urine as described elsewhere. 
The thyroid fraction can be approximated from 
the curve of urinary excretion and a single in vivo 
measurement from the equation Qtj/Quf = Qt/Qu 
where Qt is the quantity measured in the thyroid, 
Q-a the quantity excreted in the urine up to the 
time of the thyroid measurement, Qtj the thyroid 
fraction and Qvj the renal fraction. Accumula- 
tion rate estimated in this way is probably less 
accurate than an estimate based on serial observa- 
tions in vivo, for the reason that a value based 
on a series of such measurements is less dependent 
on the error of any one observation than is a value 
based on a single observation. 

In Table II are shown mean values for accu- 
mulation rate for the same groups of cases in- 


TABLE II 

Comparison of accumulation rates estimated 
by two methods 




j Accumulation rate 


Group 

Cases 

! 

1 

Estimated 
from serial 
in vivo 
observations 
os'er the 
thyroid 

Estimated 
from 
urinary 
curv’e and 
one in vivo 
observation 
over the 
thyroid 

Means of 
individual 
differences 

1 

Euthyroid 
patients who 
bad thyroid 
tumors 

1 

i 

s 

Per centfhouT 

2.4db0.7* 

per centfhaur 

2.6zt:0.8 

per cenffhour 

+0.2 ±0.2 

Adenomatous 
goiter with- 
out hyper- 
thyroidism 

1 

7 1 

4.6±1.3 

4.2±0.9 

~0.4±0.5 

Exophthalmic 

goiter 

7 

20.2 ±5. 6 

18.0i4.4 

-2.2±1.6 


* The values given are the means and the standard 
errors of the means. 
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TABLE 111 

Accuviuhtiou rates estimated in a second series of patients 
from urinary excretion and single observations 
in vivo over the thyroid 


Group 

Cases 

B.asal 

mctal)olic 

rate 

(1) 

Renal 

fraction 

(S) 

Disap- 

pearance 

rate 

(4) 

Extra- 

renal 

disposal 

rate 

(7) 

Accumu- 

lation 

rate 

Euthyroid patients 
who had thyroid 
tumors 

11 

per cciil 

- 4.0±3.2* 

per e^nt 
of dote 

C4.9db0.8 

per cent/ 
/tour 

9.6±0.3 

per cent! 
hour 

3.4±0.2 

per cent/ 
hour 

2.6±0.3 

Adenomatous 

Roiter without 
hyperthyroidism 

1 

G 

+ O.S±2.1 

50.9±8.2 

11.8±2.1 

0.2d:2.2 

4.7±2.0 

Exophthalmic 

Roitcr 

a 

+32.9db3.4 

27.8db6.1 

28.6±5.3 

22.8dh0.3 

19.8±5.5 


* The values given are the means and the standard 
errors of the means. 


eluded in Table I, comparing estimations based 
entirely on in vivo measurements with estimations 
in the same cases made in the manner just enu- 
merated. The values obtained with each method 
agree fairly well with each other. 

Table III shows accumulation rates for a second 
group of cases, estimated from urinary excretion 
curves and single in vivo observations over the 
thyroid. For comparison the various values ob- 
tained from the urine alone are also included. 
The same relationships noted in the first group 
(Table I) hold here; namely, that the most strik- 
ing differences are encountered in the accumula- 
tion rate and the extrarenal disposal rate. 

If all of the iodine given to the patient either 
appeared in the urine or was collected by the 
thyroid, then (c) renal fraction (1) plus thyroid 
fraction (5) should equal 100 per cent, (&) extra- 
renal disposal rate (4) should equal accumulation 
rate (7) ; and (c) extrathyroidal disposal rate 
(8) should equal renal excretion rate (5). How- 
ever, it is found that this is not the case. Renal 
plus thyroid fractions consistently total less than 
100 per cent, extrarenal disposal rates are con- 
sistently larger than accumulation rates, and ex- 
trathyroidal disposal rates are consistently larger 
than renal excretion rates. The difference be- 
tween the sum of renal and thyroid fractions and 
100 per cent will provide some measure of the 
fraction of the dose disposed of elsewhere than 
in kidneys or thyroid. The vote of disposal by 
tissues other than kidneys or thyroid can be ap- 
proximated by extrarenal disposal rate (•^) minus 
accumulation rate (7) or alternatively by extra- 


thyroidal disposal rate (5*) minus excretion rate 
(5). The “tissue rate” so estimated by either 
method for any case would have the same value 
providing the estimate of disappearance rate ob- 
tained from thyroid is identical with that obtained 
from urine, a circumstance which is unlikely ow- 
ing to the errors in the observations. 

In Table IV are given the means of the fore- 
going values for those cases in which serial obser- 
vations over the thyroid were made. It is of 
interest that the fraction of the dose unaccounted 
for is about the same (12.5 per cent to 13.6 per 
cent) in all four groups of cases and that the 
mean rate of extrarenal disposal for the group 
having myxedema is of about the same order of 
magnitude as the estimates of “tissue rates” for 
the other groups. These values would represent 
any radioiodine excreted in feces, sweat or ex- 
pired air as well as any radioiodine fixed in tissues 
such as muscle or liver. These values will also, 
unfortunately, bring into prominence any loss of 
iodine in the collection of urine, any error result- 
ing from the methods of measurement employed 
and any error inherent in the methods by which 
the various values were derived. Estimates of 
disposal of iodine by tissues other than kidneys 
and thyroid vary considerably from case to case, 
and for the reasons given they must be regarded 
as relatively inaccurate and probably too high. 
On this account it is not apparent from this small 

TABLE IV 


Disposal of iodine by tissues other than kidneys and thyroid 


Group 

Cases 

Fraction 

of 

dose un- 
accounted 
for 

Extra- 
renal 
disposal 
rate W)- 
accumu- 
lation 
rate (7) 

Extra- 
thyroidal 
disposal 
rate (S)- 
renal 
excretion 
rate (3) 

Myxedema* 
Euthyroid patients 
who had thyroid 

1 11 

per cent 
of dose 

13.6±2.0t 

per cent/ 
hour 

0.9±0.3 

Per cent! 
hour 

tumors 

Adenomatous goiter 
without hyper- 

5 

13.1±2.9 

1.5 ±0.4 

2.3±1.1 

thyroidism 

Exophthalmic 

7 

13.2dz3.S 

1.6±0.8 

1.9±1.2 

goiter 

7 

12.5±4.3 

1.4±1.1 

5.9±2.1 


* In the group having myxedema the values given are 
(a) 100 per cent — renal fraction and (b) extrarenal disposal 
rate alone, there being no thyroidal accumulation. 

t The values given are the means and the standard 
errors of the means. 



IODINE-ACCUMULATING FUNCTION OF THE THYROID 


223 


series whether any significance should be attached 
to the relatively greater value for tissue rates in 
cases of exophthalmic goiter. 

COMMENT 

Previous studies have dealt with various aspects 
of the kinetic behavior of radioiodine, on the basis 
of observations of urinary excretion of radioiodine 

(14) , the concentration of radioiodine in the blood 

(15) and the quantity of radioiodine in the thy- 
roid or peripheral tissues as measured in vivo in 
counts per second (5). The present study adds 
to these some in vivo observations which are ex- 
pressed in absolute terms. The results enumer- 
ated permit a comparison of various measures in 
a search for the most appropriate and precise 
method of evaluating quantitatively the capacity 
of the thyroid to accumulate iodide by means of 
observations made with radioiodide. An ideal 
measure of this function of the thyroid should be 
expressed in terms which are independent of the 
dose of radioiodine given and should reflect the 
accumulation of iodide by the thyroid alone, unin- 
fluenced by irrelevant changes which might occur 
in the kidneys or in other tissues, or in water 
exchange. 

Measurement of the quantity of radioiodine in 
thyroid or urine. Direct measurement in vivo of 
the quantity of radioiodine in the thyroid after 
some interval of time might at first glance appear 
the most appropriate measure of iodine-accumu- 
lating function. This is not true for the reason 
that the thyroid must in effect compete with the 
kidneys and other tissues for the limited quantity 
of iodine provided in the tracer dose. The quan- 
tity of radioiodine accumulated by the thyroid in 
any given period, as well as the quantity even- 
tually or asymptotically accumulated, is a relative 
quantity, depending on the function of the kidneys 
and other tissues as well as on the iodine-accu- 
mulating function of the thyroid itself. On this 
basis even if the thyroid function with respect to 
iodine^ accumulation remains quite constant, a 
variation in function of the kidneys or perhaps 
of other iodine-collecting tissue should alter the 
picture of iodine accumulation by the thyroid. 
Thus, if the ability of the kidneys to excrete iodine 
was decreased, the amount of iodine accumulated 
in any given time by the thyroid should increase 
and so should the total amount eventually accu- 


mulated. These relationships may be important 
even if pathologic .alteration of the function of 
the kidneys or other tissues with respect to iodine 
is not involved. In euthyroid persons,, the kid- 
neys and other tissues account for the disposal of 
three-fourths or more of a tracer dose of radio- 
iodine and quite physiologic fluctuations in the 
function of the kidneys or other tissues might 
modify significantly the quantity of radioiodine 
accumulated by the thyroid. 

These considerations may account for the fact 
that, as judged by the comparative magnitude of 
the variations encountered in various states of 
thyroidal activity, neither the quantity of radio- 
iodine in the thyroid at a selected time (12 hours) 
nor the asymptotic quantity in the thyroid (the 
thyroid fraction [5]) appears as significant as 
several other measures of iodine-accumulating 
function listed in Tables I and III. Measure- 
ments of the quantity of radioiodine in the urine, 
probably because they reflect the quantity in the 
thyroid indirectly, appear less significant. 

Measurements of rates. Disappearance rate 
(2) reflects accumulation of radioiodine by the 
thyroid only indirectly, since it measures the dis- 
appearance of radioiodine as iodide from the 
blood into all tissues into which it goes, including 
kidneys and other tissues as well as thyroid. 
Disappearance rate varies from one group to 
another (Table I) by about the same degree as 
the quantity in the thyroid after 12 hours or the 
thyroid fraction (5), 

Extrarenal disposal rate (4) is one step closer 
to a direct measure of iodine-accumulating func- 
tion. It measures the disposal of radioiodine by 
all tissues other than the kidneys. Inasmuch as 
the thyroid is the most important of these, except 
in hypothyroid or athyroid persons, it appears to 
be a fairly reliable index of iodine-accumulation 
rate, subject only to inaccuracies resulting from 
variations in the removal of iodine by tissues 
other than the kidneys. It is perhaps somewhat 
paradoxical but nevertheless it appears to be true 
that extrarenal disposal rate, which is estimated 
from urine, appears a more valid measure of 
iodine-accumulating function in cases of normal 
or increased thyroid activity than direct estima- 
tion of the quantity of radioiodine in the thyroid. 
This is not the case when thyroid activity is 
reduced or absent. 
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The accumulation rate (7), estimated directly 
from serial observations in vivo or approximated 
from the curve of urinary excretion and a single 
observation in vivo during the period of iodine 
accumulation, appears to measure iodine-accumu- 
lating function directly, uninfluenced by varia- 
tions in the function of the kidneys or of other 
tissues. Together with accumulation gradient it 
appears the most significant of the various meas- 
ures enumerated in Tables I and III. 

Accumulation gradient. The value which Stan- 
ley and Astwood (12) called “accumulation gra- 
dient” does not correspond either to disappear- 
ance rate or to accumulation rate as we have 
defined them, although it most nearly approxi- 
mates the latter. The numerical value given to 
accumulation gradient is an arbitrary number 
without quantitative relation to the physiologic 
processes involved. Since it is a value obtained 
by dividing counts per second by a function of 
time, the numerical value of the accumulation 
gradient will vary with differences in the sensi- 
tivity of the counting apparatus, differences in 
the quantity of radioactivity given in the tracer 
and dift'erences in the geometric relationship of 
counter to thyroid. These factors can all theo- 
retically at least be corrected for, but it is likely 
that they will make it difficult to obtain figures 
in different laboratories which can be compared 
with one another. The mean value of accumula- 
tion gradient in the euthyroid cases shown in 
Table I is only about a third as large as Stanley 
and Astwood’s figures, despite the fact that the 
values were corrected for both quantity of radio- 
activity and geometric relationship. This lack of 
agreement probably reflects differences in the sen- 
sitivity of the apparatus, and perhaps also a 
difference in the value of the microcurie employed 
as a standard. 

The accumulation gradient has the great ad- 
vantage that it can be obtained without continu- 
ing observations long enough to evaluate the 
asymptotic value of the accumulation curve. This 
advantage was employed by Stanley and Astwood 
to evaluate the antithyroid potency of various 
drugs under conditions which would have pre 
eluded direct estimations of iodine-accumulation 
rate, since the accumulation curve was modified 
by the addition of the drug a few hours after the 
experiment had been begun. 


Significance oj accumulation rate. The radio- 
activity contained in the tracer given to a patient 
initially may be regarded as labeling only the 
quantity of iodide given in the dose. Once suf- 
ficient time has elapsed for absorption to have 
occurred and for the dose of labeled iodide to 
reach equilibrium in the blood and the body fluids, 
the radioactivity in the tracer may be considered 
to label all of the iodine in the blood and body 
fluids which is in the same chemical form as the 
dose given (that is, as iodide). On this basis 
accumulation rate measures the proportion of all 
of the iodide in blood and body fluids which is 
being accumulated in the thyroid per hour. The 
iodine-accumulation rate of the thyroid is thus 
expressed in terms which are independent of the 
tracer dose given as well as independent of varia- 
tions in the removal of iodine by other tissues, 
such as the kidneys. 

Accumulation rate has a connotation somewhat 
similar to “clearance” as used in studies of renal 
function. It could be used interchangeably with 
clearance providing the volume of distribution of 
iodine in blood and in the fluids of the body in 
equilibrium with the blood did not vary signifi- 
cantly. Accumulation rate relates the iodine- 
accumulating function to the total stock of avail- 
able iodide in the body as a whole. It is more 
reasonable to suppose, however, that this function 
is more directly related to the concentration of 
iodide in the blood circulating through the thyroid 
than to the total quantity of iodide in the blood 
and in distant parts of the organism which may 
be in equilibrium with the blood. Furthermore, 
it is likely that the volume of distribution of 
iodide may vary in different persons and in vari- 
ous pathologic conditions. For these reasons, 
thyroidal iodide clearance, expressed as the vol- 
ume of plasma cleared of its iodide content per 
minute, may prove to be a more accurate measure 
of iodine-accumulating function than accumula- 
tion rate. 

Accumulation rate is estimated from observa- 
tions on the thyroid alone, whereas clearance of 
iodide by the thyroid must be derived from simul- 
taneous observations on both thyroid and blood. 
Thyroidal iodide clearance can be obtained by 
multiplying accumulation rate by the volume of 
distribution of iodide, if the latter is Icnown. In 
the absence of a measure of volume of distribution. 
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from iodine accumulation as the term has been 
applied here. Idle iodine concentrated by the 
blocked thyroid has been shown to be in the in- 
org-anic state and probably in some sort of equi- 
librium with the blood. The rather rapid decrease 
of thyroidal radioiodine observed in the blocked 
thyroid takes place at a rate roughly comparable 
to the disappearance of radioiodine from the 
blood as we have observed it in cases of myx- 
edema. These considerations lead one to pre- 
dict that the kinetic relationships shown to exist 
between radioiodine in urine, blood and thyroid 
in this and previous papers will not apply in the 
case of the phenomenon described by Stanley and 
Astwood. 

Finally, it must be enqihasized that the methods 
emplo}'ed in this paper and the papers which have 
preceded it for the estimation of rates of disposal 
of radioiodine in urine, thyroid and other tissues 
are based on a model which is undoubtedly over- 
' simplified. The values obtained may contain er- 
rors arising from factors which complicate the 
picture, such as the rate of absorption from the 
gastro-intestinal tract, the time required for equi- 
librium to become established between the blood 
and body fluids, and the rate of secretion of radio- 
iodine from the thyroid once it has been accu- 
mulated. It is essential, therefore, to regard the 
values reported as at best first approximations. 
Nevertheless, the consistency with which inde- 
pendent observations on urine, thyroid, blood and 
peripheral tissues can be made to match one an- 
other in a simple scheme is some justification for 
assuming that the various interrelationships which 
have been discussed may be valid ones. 


SUMMARY 

An empirical method has been descrioed for 
le measurement in microcuries of radioiodme 
Dllected b}- the human thyroid gland after oral 

ninistration. ... 

. he iodine-accumulation rate of the thyroid is 
--fiiwd as the proportional rate at which the t y- 
oid accumulates iodine. Two altemati^ meth- 
ds have been described for estimating us va u . 
. basis has been given for assuming that this rate 
pplies to all of the iodide m the blood and body 
itiids in equilibrium with the blood. . , 

ras 2.4 0.7 per cent per hour in five patients 


having normal th 3 a‘oid function and low-grade 
thyroid tumors, 4.6=fcl.3 per cent per hour in 
seven patients having adenomatous goiter without 
hyperthyroidism and 20.2 5.6 per cent per hour 

in seven patients having hyperthyroidism. 

Accumulation rate has been compared with 
measurements of the quantity of radioiodinc ex- 
creted in urine, the quantity collected in the thy- 
roid and the disappearance rate of radioiodine 
from the blood. Accumulation rate appears to be 
a more significant measure of iodine-accumulating 
function of the thyroid than any of these. 

The rate of extrarenal disposal of iodide, esti- 
mated from the curve of urinary excretion of 
radioiodine, closely reflects accumulation rate in 
cases of normal or increased thyroid activity. It 
appears in such situations to be a valid index of 
accumulation rate, despite some inaccuracy re- 
sulting from variations in the disposal of iodide 
by tissues other than thyroid or kidne\ s. 

Accumulation rate may be less significant as 
a measure of accumulating function than thyroidal 
iodide clearance, determined directly from in vivo 
observations over the thyroid obtained simul- 
taneously with determinations of the concentra- 
tion of radioiodine in plasma. 
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It has been demonstrated by Henny, Boone, 
Chamberlain, and their associates that border 
movements of the heart and gteat vessels may be 
recorded with the electrokymograph (1, 2, 4 , 7 ). 
Confirmation of this work has been reported by 
others (3, 5, 6). Our studies were designed to 
investigate the accuracy with which movements 
of the aorta and pulmonary artery could be re- 
corded with this instrument, and the significance 
of these movements as measures of dynamic car- 
diovascular changes during certain acute disturb- 
ances of the circulation. For these experiments, 
acute intrathoracic pressure variation was chosen 
as the implement for the production of circula- 
tory disturbances. It is a procedure with which 
a new investigative method may be evaluated by 
comparison with observations of venous, aiteiial 
and pulmonary arterial blood pressure, cardiac 
output, roentgenokymography, and roentgeno- 
graphic lung density in control studies or m the 
published reports of others. 

The electrokymograph utilizes the roentgen ray 
beam of the fluoroscope. When the long axis of 
a small rectangle of fluoroscopic screen is placed 
perpendicular to the pulsating border of the heart 
or a great vessel, the average intensity of illumi- 
nation of the whole rectangle will vary with the 
motion of the border. When movements of a 
great vessel are recorded, the dense shadow moves 
Ltward in systole to diminish the intensity and 
in diastole the reverse occurs. These changes in 
illumination, when viewed by a sensitive photo- 
electric tube, are converted to electrical impulses 
which are recorded by an electrocardiographic 

apparatus. 

iThe Heart Disease Demonstration Section of the 
U. S. Public Health Service provided the apparatus and 
part of the funds for this study. 


METHODS 


Recording methods 


The electrokyinographic equipment used in this study 
was of the type described in detail elsewhere (1, 2). An 
alternating current direct-writing recorder manufactured 
by the Brush Development Company (8) was used in- 
stead of an optically recording string galvanometer. 
A single stage of amplification was inserted between 
the photo multiplier tube and the filter. 

The response characteristics of the recording apparatus 
were investigated as a preliminary procedure. To test 
the frequency response, a circular lead disc was eccentri- 
cally mounted on the shaft of a variable speed motor. 
The edge of tlic disc was interposed in the X-ray beam 
perpendicular to and directly in front of the rectangular 
slot of the phototube. As the disc revolved, a sine wave 
was recorded.=^ The recorded wave amplitudes were 
then measured at varying motor speeds. The results are 
shown in Table I. 

TABLE I 

Frequency response of recording instruments, expressed in 
terms of percentage of amplitude at one cycle per second 


Frequency 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

15 

20 


amplitude 

100 

89 

79 

70 

62 

55 

49 

43 

38 

33 

20 

13 


In a second procedure, the response characteristics of 
the direc’t-writing Brush instrument were compared with 
those of optically recording Cambridge and Sanborn in- 
struments. Using the same eccentric cam, rotated at 
speeds from 1 to 75 cycles per second, with the original 
filter and also other filters with which the loss at higher 

2 The approximation to a pure sine wave is close 
enough for practical purposes. The mathematical analy- 
sis of the wave form generated by the eccentric cam 
will be presented in a subsequent publication (20). 
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frequencies was much less than with the original filter, 
less than 2% variation was recorded at any time between 
these three instruments, recording simultaneously. 

A third procedure was devised to test the relative 
sensitivity of the various portions of the phototube slot. 
For this purpose, the phototube output was directly 
.coupled through a potentiometer to a Cambridge string 
electrocardiograph. A lead sheet was interposed imme- 
diately in front of and perpendicular to the phototube 
slot. Starting with the slot completely exposed, the lead 
sheet was moved in successive 2 mm. steps (from base 



Fig. 1. Simultaneous Recordings of Aortic Knob 
Pulsations (Upper), Brachial Arterial Pressure 
(Middle), and Intrabronchial Pressure. (Lower) 
Subject No. 1. Camera speed 1 cm./scc. 



Fig. 2. Pulmonary Artery Pulsations (Above), 
WITH Brachial Arterial Pressure (Middle) and In- 
trabronchial Pressure (Lower) 

Subject No. 1. 


toward free end of tube) until the slot was occluded. 
The magnitude of string deflection resulting from each 
2 mm. movement of the lead sheet was then recorded 
and measured. The results are shown in Table 11. 


table II 

Relative sensitivity of various portions on the 
receptor slot of the phototube 


Motion in cm. 

Recorded amplitude 
in cm. 

0.0-0.2 

0.05 

0.2-0.4 

0.45 

0.4-0.6 

0.50 

0.6-0.8 

0.60 

0.8-1. 0 

0.60 

1.0-1.2 

0.65 

1.2-1 .4 

0.65 

1.4-L6 

0.55 

1.6-1.8 

0.50 

1. 8-2.0 

0.45 

2.0-2.2 

0.20 

2.2-2.4 

0.05 


From these studies the following conclusions are 
drawn; (I) If a sine wave of fixed magnitude is im- 
pressed upon the phototube, the recorded amplitude is 
diminished by 50% when the frequency is increased from 
1/sec, to 7/sec. and by 75% when the frequency is in- 



Same as Figure 1. Subject No. 4. Intrabronchial 
pressure illustrated is an overlay of the actual recording. 



Fig. 4 

Same as Figure 2. Subject No. 4. 



Fig. S. Ballistocardiographic (Vertical TypeI Recording during the 
Straining Procedure 

Intrabronchial pressure below. Subject No. 10. 
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creased from ]/.scc. lo ]3/.scc. (2) In re.cponsc to any 

impulse having a sine wave frequency of from 1 /.see. to 
/5/scc.. the records obtained with the direct-writing 
Brush instrument arc identical with those obtained with 
optically recording instruments. (J) The receptive slot 
of the photomultiplier tube is 2.4 cm. long. In the zone 
between 0.6 and 1.6 cm. from tlic tube-base end, the 
sensitivity is uniform with a maximum possible error of 
157o. In the portion of the slot between 0.2 and 2.0 cm. 
the maximum possible error is 307o. 

Iiivcstipatk’c procedure 

Ten healthy young adults were selected for this study. 
None had any symptoms or signs suggestive of heart 
disease or of pronounced vasomotor instaI)iHty. The 
standard straining procedure, a modification of the Val- 
salva experiment, was performed in the sitting position. 
Braces were ajiplicd to the chest and shoulders to reduce 
extraneous movement. On command, breathing was ar- 
rested in a mid-respiratory position and the recording 
apparatus was set in motion. After a brief control 
period, the subject strained against a column of mercury 
to a pressure of 30 mm. This pressure was maintained 
for IS seconds. He then relaxed for ten seconds before 
resuming respirations. The procedure was then repeated 
several times. The subject kept his glottis open through- 
out the experimental procedure. 

Employing this standard procedure, electrokymographic 
tracings were recorded from the pulmonary artery and 
aortic knob. Intrapulmonic pressure was directly ob- 
served by the subject and operator, and recorded by a 
strain gauge and electrical recorder or capsule and optical 
recorder. Brachial artery pressure was recorded simul- 
taneously through a Peterson catheter to a capacitance 
manometer (8, 9). In seven subjects, records were made 
with the vertical baiiistocardiograph during the strain- 
ing procedure. Representative tracings are shown in 
Figures 1-5. 

In the electrokymographic records, an upward motion 
parallels outward motion of the great vessels during 
ejection ; the downward curve follows the inward motion 
of the vessel during diastole. The intrapulmonic, arterial 
pressure, and ballistocardiographic curves are self ex- 
planatory. 

RESULTS 

The variations of pulse ivave amplitude of the 
aorta and pulmonary artery, as recorded by the 
eiectrokymograph during and after the straining 
procedure, in each of the ten subjects, together 
with the results of control studies, are indicated 
in Table III. 

Aortic pulsations 

The pulse curves recorded from the aortic wall 
usually remained quite constant during the control 
period of respiratory arrest. A gradual decrease 
in amplitude began with the increase in intra- 


tahi.k m 


Subject 


No. 1 


No. 3 


No. 4 


No. 5 


No. 6 


No. 7 


No. 8 


RccordinK 


BP 


No. 2 


/BP 
\PP 
Sp/Ad 

eky(/'< 

Beats/second 


StruininK period 


BP 
Sp/Ad 
EKY 


BP 

PP 

AK 


fPA 
Beats/second 


BP 


;bp 

IPP 
Ap/Ad 

Beats/second 


BP 

Ap/Ad 
Beats/second 


Post-strainiriK 

period 


/BP 
\PP 
Ap/Ad* 

EKy/AK* 


BP 


lPr\ 
Beats/second 


BP (BP 

Ap/Ad 


EKY 


AK 

PA 


Beats/second 


BP (Pf 

Ap/Ad 

eky{P/^ 

Beats/second 


4" 

8" 

12' 

1" 

4" 

8" 

76 

98 

IOC 

> , 113 

116 

100 

81 

57 

57 

67 

119 

114 

1.4 

1.7 


1.2 

0.7 

0.7 

56 

33 

33 

55 

166 

155 

83 

52 

50 

151 

144 

120 

1.6 

2.0 

2.2 

1.4 

1.1 

1.2 

65 

77 

62 

94 

105 

98 

93 

87 

57 

50 

100 

93 

1.1 

l.I 


0.7 

0.5 

0.5 

100 

81 

36 

70 

215 

205 

71 

74 

37 

no 

104 

115 

2.2 

2.9 

3.0 

3.0 

0.8 

I.l 

42 

42 

36 

50 

120 

91 

52 

45 

56 

47 

122 

141 

1.6 

1.6 


0.9 

0.5 

0.6 

32 

27 

27 

50 

243 

240 

21 

17 

21 

58 

58 

154 

2.5 

1.2 

3.0 

3.0 

1.3 

1.6 

71 

68 

92 

115 

100 

89 

147 

90 

95 

90 

126 

114 

0.9 

1.2 


1.2 

1.0 

0.9 

161 

78 

85 

77 

134 

131 

32 

32 

40 

116 

104 

80 

1.1 

1.4 

1.6 

1.5 

0.8 

0,9 

84 

70 

69 

77 

91 

85 

100 

77 

77 

70 

95 

95 

1.1 

3.0 


2.8 

3.2 

1.5 

88 

25 

29 

25 

30 

61 

95 

25 

18 

106 

100 

155 

1.3 

1.3 

1.6 

2.0 

1.0 

1.2 

64 

65 

73 

100 

106 

100 

80 

60 

60 

60 

100 

113 

1.5 

1.9 


1.1 

0.9 

1.1 

52 

32 

42 

54 

[16 

106 

82 

64 

75 

230 

160 

136 

1.4 

— 

1.7 

2.0 

1.9 

1.1 

1.0 


BP (PP 

Ap/Ad* 

EKY|p^^ 

Beats/second 


87 

100 

0.8 

128 

51 

2.4 


94 

100 

l.S 

66 

90 

1.7 


83 

50 

0.9 

56 

33 

2.4 


86 

78 

1.5 

S3 

70 

1.9 


87 

50 

56 

29 

2.5 


78 

78 

44 

50 

2.0 


83 

50 

0.9 

56 

67 

2.3 


90 

61 

1.0 

58 

87 

2.0 


105 

89 

0.6 

143 

51 

1.6 


115 

100 

2.0 

49 

145 

1.2 


111 

115 

1.0 

119 

51 

1.3 


IIS 

144 

2.7 

53 

117 

1.5 


* The procedure employed in obtaining these figures was 
technically faulty (see text). 

Ten healthy subjects, aged 20 to 30. Amplitude of 

electrok; ' orded pulsations of the aortic 

knob (A,'., ■_ , ■ ■ . artery (PA) during and after 

voluntary straining expressed in terms of percentage of 
control level. Diastolic pressure (DBP) and pulse pres- 
sure, simultaneously recorded from the brachial artery, 
are also e.xpressed in terms of percentage of control level! 
Ratio of pulse pressure {Ap) to recorded amplitude of 
aortic pulsation {Ad) and beats/second are also shown. 



KKY FOR MFASUREMEN'T OF VESSEL DIAMETER CHANGE 


231 


TAliLic III — Cnuliiiiied 




StralnijiR period 

Post-Htraining 

period 

Subject 

RccorclinR 








V' 

8" 

1’" 

V* 

4" 

8" 

No. 9 

'»■ {Hi.- 

78 

67 

72 

90 

96 

85 

91 

82 

78 

71 

107 

107 


Ap/Ad 

1 .5 

1.8 


1.0 

0.6 

0.7 



61 

44 

5.1 

74 

182 

158 


68 

84 

84 

111 

121 

121 


Beats/second 

1*5 

1.7 

1.9 

1.9 

1.7 

1.4 

No. 10 

BP 

‘ \PP 

80 

68 

96 

104 

105 

101 

94 

77 

58 

110 

135 

135 


A/)/Ad 

0.9 

1.0 


1.6 

1.0 

1.1 


E'"'{pa 

100 

75 

75 

69 

137 

118 


85 

90 

80 

no 

95 

100 


Beats/second 

1.2 

1.4 

1.6 

1.7 

1.2 

1.2 

Median 

BP /BP 

78 

69 

76 

92 

106 

99 

all 

\PP 

94 

77 

59 

64 

104 

114 

subjects 

A^/Ad 

1.25 

1.6 


1.05 

0.8 

0.95 



77 

49 

43 

57 

140 

125 



76 

56 

45 

no 

104 

118 


Beats/second 

1.7 

1.8 

2.1 

1.9 

1.1 

1.25 


bronchial pressure, and continued until straining 
ceased. Thereafter, the amplitude increased grad- 
ually for the first three or four beats, then rap- 
idly increased to levels higher than in the control 
period. A pattern of this type was observed in 
eight of ten subjects. In two subjects (Nos. 5 
and 8, see Table III), the amplitude after relaxa- 
tion did not return to control levels. A technical 
error, to be discussed below, probably accounted 
for this. 

Arterial pulse pressure 

In measurements from the brachial artery, si- 
multaneously recorded, the pulse pressure varia- 
tions before, during, and after the straining pro- 
cedure were, in general, parallel to the variations 
of aortic pulsation amplitude. The characteristic 
pattern of a fall in pulse pressure during the 
period of straining, a gradual rise after relaxa- 
tion, followed by a wide pulse pressure in the 
later post-straining period, was observed in eight 
of the ten subjects. In the other two subjects 
(Nos. 2 and 5) the pattern was atypical only in 
that the amplitude in the post-straining period 
reached, but did not exceed, that of the control 
period. 

Diastolic blood pressure 

The diastolic blood pressure rose abruptly with 
the increase in intrabronchial pressure, and fell 


when straining ceased. This phenomenon was 
the result of the transmission to the recording 
apparatus of pressure derived from the activity of 
the thoracic and abdominal muscles in raising 
intrabronchial pressure,’ and had no direct relation 
to that component of the recorded pressure de- 
rived from the pumping action of the heart. 
Under these circumstances it is customary to 
designate the recorded pressure as the gross pres- 
sure. Subtraction of the intrabronchial pressure 
from the gross pressure gives the net pressure, or 
that component of the recorded pressure which is 
dependent upon the activity of the heart. Note 
that no such correction was necessar}’ for the 
electrokymographic recordings, since the intra- 
thoracic pressure changes were exerted equally 
upon both sides of the vessels. 

The net diastolic pressure fell rapidly during 
the first few seconds of straining in all individ- 
uals. A considerable rise toward or even above 
the control level was observed in a few individuals 
in the late period of straining; in others the fall 
was sustained. The first beat or two after strain- 
ing showed little change. A rise above the con- 
trol level then occurred in eight of the ten 
subjects. 

Pulse rate 

From the onset of straining the pulse rate 
steadil}' increased. Tachycardia persisted for sev- 
eral beats after relaxation, followed by the abrupt 
onset of bradycardia. 

Pulmonary artery pulsations 

Electrokymographic tracings from the pulmo- 
nary artery during the period of straining fol- 
lowed the same general pattern as was recorded 
from the aorta. A reduction in amplitude oc- 
curred in all subjects. At the moment of relaxa- 
tion an important difference was characteristic. 

A large increase in amplitude regularly appeared 
immediately upon the return of intrabronchial 
pressure to the atmospheric level. The later rise 
above the control level was neither as great nor 
as consistent as in the aortic recordings. The 
electrokymographic records from the pulmonary 
artery resemble the pressure cur\-es recorded by 
Lauson. Bloomfield and Cournand (10) and by 
Cournand (11) from the pulmonary artery during 
a similar straining procedure. 
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Fig. 6 

Subject No. 1. Bcat-by-beat amplitude’ of recorded pulsations of the aortic knob 
(AK) in mm. (scale B), simultaneously recorded with pulse pressure (PP) and 
gross diastolic pressure (DBP) in mm. Hg (scale B) and pulse rate (PR) in 
beats/minute (scale A). Amplitude of pulsations from the pulmonary artery (PA) 
during a repetition of the straining procedure is shown to illustrate especially the 
characteristic response in the immediate post-straining period. 


Beat-by-beat graphic records from one subject 
of the magnitude of aortic pulsation with refer- 
ence to simultaneously recorded pulse pressure, 
diastolic pressure, and intrathoracic pressure are 
shown in Figure 6. A similar record of the 
magnitude of pulmonary artery pulsation of the 
same individual during a repetition of the strain- 
ing procedure is included especially to illustrate 
the major difference between aortic and pulmo- 
nary artery response in the immediate post- 
training period. 

Ballistocardiographic records 

Most of the ballistocardiographic records of 
stroke volume in the sitting position during strain- 
ing were technically unsatisfactory. The muscu- 
lar activity necessaiy to increase voluntarily in- 
trathoracic pressure invariably introduced artefacts 
into the records. A reduction of complex ampli- 


tude was occasionally discernible, followed by 
large complexes when straining ceased (Figure 
5). Application of the Starr formula for deter- 
mination of stroke volume (12) was rarely pos- 
sible. Previous ballistocardiographic studies of 
the stroke volume during straining (13-15) are 
not pertinent to this problem since the subjects 
were in the recumbent posture, whereas our sub- 
jects were in the sitting posture. 

Analysis of results 

Stroke change in relative diameter of the aorta 
and pulmonary artery could be accurately meas- 
ured by the electrokymographic method if (J) 
the recorded curves bore a direct, linear relation 
to the actual movements of the vessel wall, and 
(2) if the pulsatile change in position of the 
vessel wall were a true measure of change in 
vessel diameter. From the data available it is 
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possible to estimate the degree to which we 
have approached this ideal. 

The relation oj recorded cui'vcs to vessel wall 
7novements 

The response characteristics of the recording 
apparatus introduced the characteristic imperfec- 
tions of overdamping. From a study of the fre- 
quency response, shown in Table I, it is apparent 
that this factor must have had an important 
influence upon recorded wave shape. For ex- 
ample, it was shown that at a frequency of 
10/sec., a sine wave of fixed magnitude is re- 
corded only 33% as large as at frequency of 
1/sec. If the wave manifested in the dicrotic 
notch were a sine wave with duration of 0.1 sec., 
the recorded amplitude would be 33% of that 
which ■ should have been recorded. Since the 
wave is actually complex, and usually of shorter 
duration than 0.1 sec., the magnitude of recorded 
error is even greater. Other components of the 
wave pattern are undoubtedly at frequencies of 
20/sec. or more. Thus, the finer details of wave 
shape were smoothed out in the recorded curves 
and the peaks of the major components were 
flattened. Some of the differences in wave shape 
between the recorded aortic curves and the bra- 
chial pulse curves {e.g.: curves during the late 
straining period in Figure 1) cannot be explained 
on the basis of overdamping of the apparatus. 
Actual differences in wave forms of the two 
vessels must have been a factor of appreciable 
importance. 

For the comparison of relative amplitudes of 
recorded waves during the various periods of the 
straining procedure, overdamping of the degree 
indicated in Table I should not be expected to 
introduce a large discrepancy. The duration of 
the ejection phase of systole in the normal indi- 
vidual with a pulse rate of 1/sec. is 0.25 sec. 
(16). The curve approximates a half sine wave, 
therefore the sine wave duration would be 0.5 
sec. or a frequency of 2.0/sec. By a similar cal- 
culation, the sine wave frequency of systolic ejec- 
tion at a pulse rate of 2/sec. is 3.0/sec. Al- 
though figures are not given, by extrapolation of 
t e cuiA'es, the frequency at a pulse rate of 3/sec. 
IS calculated at about 4.0/sec. By calculation 
rom data provided in Table 1, it is found that 
11 OSS of 19% in recorded amplitude results from 


a frequency change of this magnitude. Insofar 
as the wave patterns of systolic ejection differ 
in shape from a half sine wave, the loss would 
be somewhat greater. Since systole ends before 
the inscription of the last portion of the half sine 
wave, the loss would be somewhat less. It seems 
justified to conclude that in these studies, the 
additional loss in recorded amplitude resulting 
from the increased pulse rate itself was not 
greater than 30%, and that amplitude changes of 
this magnitude, or even of considerably less than 
this magnitude when pulse rate was taken into 
consideration, could be considered significant. 

In Table II it was shown that the sensitivity 
of the middle third of the phototube slot was 
approximately linear. It was usually easy to so 
place the subject that the shadow of the vessel 
wall remained in this zone throughout the strain- 
ing procedure. Hence, non-linearity of the re- 
ceptor apparatus was not ordinarily an important 
source of error. Reference was made above to 
atypical aortic response patterns in subjects Nos. 
5 and 8 (see Table III). In reexamining these 
tracings, it was found that the individual wave 
patterns were distinctly bizarre in form, with 
long, flat crests. This pattern was not observed 
in any other individual studied. It was subse- 
quently demonstrated that similar waves could 
be produced by allowing the shadow of the pulsat- 
ing vessel to extend in systole beyond the sensi- 
tive portion of the receptor slot. The unusual 
results in these two individuals are therefore 
attributed to this technical error. Such faulty 
technique should be readily avoided and easily 
recognized when it occurs. 

The relation oj vessel wall movements to stroke 

change in diameter 

This problem is difficult to subject to objective, 
quantitative study. Presumptive evidence is of- 
fered in several observations. If vessel expan- 
sion and contraction were equal in all diameters 
and the center of the vessel remained fixed, as 
in Figure 7 A, motion of the wall would be in 
exact proportion to the change in vessel diam- 
eter. Even if one side of the vessel were fixed, 
as in 7B, the same would hold true. If, however, 
the center of the vessel moved erratically, as in 
7C, movement of the vessel wall would be a very' 
inexact measure of the diameter change. Several 
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Fig. 7. The Effects of Lateral Displacement of a Vessel upon the Contour 
OF Recorded Curves (Upper Figures) 

The cross-hatclicd rectangle represents the slot of tlie pliototubc. Numbers indicate 
position of the vessel wall at various moments of the pulse cycle. 


observations suggest that lateral displacement of 
the entire vessel was not a major factor in the 
pulse waves recorded, (a) Respiratory move- 
ment undoubtedly causes lateral movement, but 
this is slow, tending to cause displacement of 
the entire baseline, which is continuously com- 
pensated by the time constant of the apparatus 
and hence does not greatly influence the amplitude 
or shape of the individual complexes. In our 
studies respiration was arrested during the re- 
cording period, (b) Rocking motions of the base 
of the heart might be expected to cause rhythmic 
lateral displacements of the great vessels. In 
assessing this factor, a comparison of curves from 
the left side of the aortic knob with those from 
the right side of the ascending aorta is of little 
value, since the diflferences between the records 
can evidently be accounted for by the effects of 
superior venacaval pulsations upon the records 
from the ascending aorta (6, 7). However, the 
curves recorded from the aortic knob and from 
the pulmonary artery invariably show changes in 
amplitude which correspond qualitatively and to 
a considerable degree quantitatively with changes 
in pulse pressure in the respective vessels. If 
lateral displacement were an important factor, 
wave motions completely unrelated to pressure 
changes would be expected. Furthermore, pulsa- 
tions of large amplitude were regularly recorded 
from the pulmonary artery in the immediate post- 
straining period, during which aortic pulsations 


were very small. Hence, the motions of the two 
vessels appear to be independent, each related to 
the pressure change within the respective vessel, 
and not a function of a rocking motion of the 
base of the heart. 

In view of these obsen^ations, it seems reason- 
able to conclude that the electrokymographic 
tracings recorded from the pulmonary artery and 
aortic knob provide a measure of the relative 
diameter changes of these vessels resulting from 
changes in intrinsic vascular pressure. It is ob- 
vious that changes in pulse pressure (A/j) should 
result in changes in aortic cross sectional diameter 
(Ad). In our studies this was found to be true, 
but the ratio of pulse pressure to aortic pulsation 
magnitude (Ap/Ad) varied by as much as 50% 
in the separate beats of a single individual during 
a straining procedure (see Table III). 

The relation of aortic volume change (Ati) to 
pressure change (Ap) has been demonstrated by 
Hallock and Benson (16) in studies of excised 
human aortas. In individuals of the age group 
of our subjects (20-30), Ap/Av = k where pres- 
sures are in the physiologic range. The expres- 
sion (Av/Ap)V = k, as employed by Wiggers 
(17), is essentially the same, since V is a fixed 
value for each individual tested : namely, the 
aortic volume at a specified mean pressure. 

Katz and his associates (18) found consider- 
able discrepancy between . the pressure-volume 
relationships of the aortas of intact, living dogs 
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as compared with the same aortas after death. 
They injected diodrast directly into the aortas 
and computed aortic volume from the X-ray shad- 
ows of films taken at varying levels of blood 
pressure. Wiggers and Wegria (19) measured 
changes in aortic diameter directly, with a clamp 
aortagraph. As in our studies, Ap/Ad relation- 
ships in the separate beats of a single subject 
showed considerable variation. An inspection of 
their illustrations shows Ap/Ad to be 1.0 and 1.4 
in beats (y and y of Figure 4, Wiggers and 
Wegria [19]) of the same approximate pulse 
pressure and diastolic blood pressures, measured 
by the technique which we have employed. One 
would not expect pressure-diameter relationships 
to exactly parallel pressure-volume relationships. 
A rough estimate of aortic diameter change to 
aortic volume change may be deduced as follows : 


{1) The relation of aortic diameter change to aortic 
cross sectional area change approaches linearity. If 
aortic diameter were 2.0 cm. at a given diastolic pres- 
sure, and a unit of systolic pressure increment increased 
the diameter to 2.1 cm., the resulting increase in aortic 
area is from l.Oir cm.’ to 1.102Sir cm.’. An area change 
of ten times this magnitude (LOn" cm.’ to 2.02S'n‘ cm.’) 
is accomplished with a diameter change to 2.846 cm. 
Therefore, within the physiologic range specified, diam- 
eter change is a linear function of area change within 
the degree of error in the equation .1/1 = .846/10, or 
about 15%. 

(2) Area change would be a linear function of volume 
change if lengthening were not a factor, but the latter 
is actually of relatively minor importance. Thus, if in 
increasing the aortic area from l.O^r cm.’ to 2.0’r cm.’, 
the aorta were increased in length from 100 cm. to 106 
cm., area would be a linear function of volume within 


the margin of error in the equation 100/1 = 212/2, 
about 6%. 

(.3) Thus, change in aortic diameter (^d) appears 
be a reasonable approximate linear function of chan 
in Mrtic volume (A,;). Thus, if £i.p/£iv = k, then A 
d k should be reasonably accurate. 


From the investigations of others, cited above, 
a roughly linear relationship between change of 
pressure and change of diameter should have been 
expected in our subjects. It will be noted that 
the value of Ap/ Ad is consistently relatively low 
during the late post-straining period and high 
^ uring the period of straining. The pulse rate 
is seen to parallel the values of Ap/Ad. As shown 
above, the recorded wave amplitude is seen to 
ear a direct relationship to the pulse rate be- 
cause of the technical characteristics of the re- 


cording apparatus. This technical defect exerts 
an influence in the direction of the results. The 
range in results of ci= 50% in the ratio Ap/ Ad = k 
is beyond the estimated maximum of 30% error 
in the response characteristics of the apparatus. 
A description of certain alterations of the instru- 
ment which have resulted in improved linearity 
of frequency response is now in preparation (20) . 
With such a correction, and with allowances for 
the differences in wave forms in the aorta as 
compared with the brachial artery, it seems prob- 
able that the variations of Ap/Ad ratio which we 
have recorded during acute circulatory disturb- 
ance reasonably approximate the actual pressure- 
volume relationships in the aortas of the indi- 
viduals studied. 

Discussion oj the physiologic response to intra- 

thoracic pressure change 

The effects of transient increase of intrathoracic 
pressure, produced by voluntary straining, upon 
cardiovascular dynamics have been studied inten- 
sively by many methods (10, 11, 13, 21-29). 
The differential pressures in the various heart 
chambers and great vessels, stroke volume, the 
distribution of blood mass, and the pulse rate 
have been shown to be influenced. Interpreta- 
tion of these data has led to the following con- 
clusions. Increase in intrathoracic pressure is 
accompanied by a comparable increase in intra- 
abdominal pressure and results in: (a) An im- 
mediate reduction of blood return to the heart 
from the periphery, with resulting increase in 
peripheral venous pressure. The blood return 
from the abdominal viscera is little if at all 
impeded. (&) The right heart output is conse- 
quently reduced with resulting fall in net pressure 
in the right ventricle and pulmonary artery, (c) 
The pulmonary blood reservoir is progressively 
exhausted with reduction in opacity to roentgen 
rays and subsequent reduction of blood return to 
the left heart chambers. This is followed by (d) 
reduced stroke volume of the left ventricle and 
by reduced pulse pressure and net systolic and 
diastolic pressure in the systemic circulation with 
reflex peripheral vasoconstriction and tachycardia. 
The return of intrathoracic pressure to the at- 
mospheric level is accompanied by a rush of 
blood into the thoraco-abdominal cavity and right 
auricle, a sudden marked increase in right heart 
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output and in pulmonary artery pulse pressure 
and blood pressure, restoration of the pulmonary 
blood volume and blood return to the left heart, 
and restoration of stroke volume, pulse pressure, 
and systemic blood pressure. In the post-strain- 
ing period a transient hypertension is normally 
observed as the result of normal or above-normal 
cardiac output and persisting peripheral vaso- 
constriction. A sudden bradycardia regularly 
occurs as the aortic reflexes respond to this 
stimulus. All of the cardiovascular functions 
characteristically return to normal within one or 
two minutes. 

From a careful examination of electrolvymo- 
graphic records alone, most of these physiologic 
disturbances can be deduced. 

SUMMARY 

1. Pulsatile movements of the aorta and pul- 
monary artery were electrokymographically re- 
corded before, during, and after increased intra- 
thoracic pressure produced by voluntary straining. 
The records obtained were compared with simul- 
taneously recorded brachial artery pressure and 
with the reported observations of pulmonary 
artery pressure by others. Ballistocardiography 
as a control procedure was found to be unsatis- 
factory. 

2. The response characteristics of the electro- 
kymographic apparatus were studied as a pre- 
liminary procedure. The sensitivity of the vari- 
ous zones of the receptive slot of the phototube 
was found to be approximately linear. The 
frequency response of the apparatus resulted in 
the characteristic wave shape deformities of an 
overdamped system. During the various phases 
of the straining procedure, comparative recorded 
wave amplitude was sufficiently influenced by this 
technical factor to necessitate a correction of 
results for pulse rate. 

■ 3 A measure of relative stroke change in 

diameter of the aorta and pulmonary artery was 
recorded. Qualitatively these changes were re- 
spectively parallel to coincident changes m pulse 
pressure in the brachial artery in control studies 
and pulmonary artery in the reporte o serva 

tions of others. . , . 

4. The recorded amplitude of aortic pulsations, 

after correction for pulse rate, bore a quantitative 
relationship to pulse pressure approximating t a 


which would be expected between aortic diameter 
change and pulse pressure. 

CONCLUSIONS 

From a study of the movements of the aorta 
and pulmonary artery by the electrokymographic 
method, most of the cardiovascular disturbances 
produced by straining may be deduced. Although 
the measurements are quantitative only in a rela- 
tive sense, the dynamic changes in the circulation 
are clearly recorded. This method may provide a 
useful substitute for direct manometric measure- 
ments with catheters in studies in which absolute 
quantitative measurements of intraaortic and in- 
trapulmonic artery pressures are not necessary. 
It is a rapid, painless, and easily performed pro- 
cedure suited to the study of the effects of a 
cardiovascular stimulus upon each of a large 
group of subjects. Certain limitations of the 
value of this method, imposed by the response 
characteristics of the apparatus in its present 
form, have been described. From the accuracy 
with which the nature of the cardiovascular dis- 
turbances produced by straining may be deduced 
from the electrokymographic records alone, the 
possible application of this method to other studies 
is implied. 

We wish to express our appreciation to Drs. C. C. 
Wolferth and H. C. Bazett for their many helpful sug- 
gestions and to Dr. L. H. Peterson, Dr. K. F. Father 
and Dr. J. L. Wiley for their invaluable assistance in 
the arterial pressure measurements. 
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Previous observations on the role of the liver 
in carbohydrate metabolism have been made en- 
tirely in animals. Recently a method has been 
developed for obtaining specimens of hepatic 
venous blood and estimating the hepatic blood 
flow in human beings (1). This has supplied a 
tool which makes possible direct investigation of 
the activity of the liver during various phases of 
carbohydrate metabolism in man. The present 
paper deals with the application of this technic 
to the study of the response of the liver to the 
fasting state and to the intravenous injection of 
glucose solution. 


METHODS 

Hepatic blood flow was estimated by the bromsulfalein 
method of Bradley (1) in some cases and in others by 
;he urea method of Myers (2). In the few cases where 
3 lood flow determinations were not done, it was assumed 
that the hepatic blood flow was equal to the mean found 
in our other patients. 

The hepatic vein was catheterized by a radiopaque 
::atheter inserted through the right antecubital vein and 
raided under fluoroscopic observation. The tip was 
Dlaced centrally in the right lobe in such a position that 
a free flow of blood could be obtained on aspiration. 
Occasional checks of position were made during the 
course of the procedure and at the end of the test period. 
Bradley (1) has shown that the bromsulfalein extra^ion 
may vary from place to place in the same liver. This 
results in some variation in the estimated hepatic blood 
flow In the present study, where serial observations 
were compared, this type of variation was minimized by 
keeping the catheter tip in the same location throughout 
Se prLdure. At least 5 ml. of blood were withdrawn 
from the catheter and discarded before samples were 
withdrawn in order to avoid _ the 

of the sample by saline remaining in the catheter Fa 
'.heral venous and arterial samples were obtained 

' 1 Presented to the Southern Society fo" 
search. New Orleans, La., January , • . 

= Present address: Department of Physiological ^em- 

istry, Yale University School of Medicine, New Haven, 
Connecticut. 


through indwelling Cournand needles usually placed in 
the left antecubital vein and the left femoral artery. 

Glucose (0.5 gm./kg.) was administered intravenously 
in 250 ml. of distilled water over a period of 15 minutes. 

Blood samples were obtained simultaneously from the 
artery and hepatic vein before injection and 15, 45, and 
60 minutes after the beginning of the infusion. The 
samples were taken into a sodium fluoride-oxalate mix- 
ture and were promptly treated to obtain the necessary 
filtrates. Glucose determinations were performed by the 
method of Nelson (3) using a 1:10 zinc hydroxide 
filtrate. In our laboratory this method has had a stand- 
ard error of + 1.0 mg./lOO ml. at a level of 100 mg./ 
100 ml. Blood urea was determined on a 10% tungstic 
acid blood filtrate by the xanthydrol precipitation technic 
of Engel and Engel (5) and also on a 1 : 200 dilution of 
urine. With this method, the standard error of the urea 
determination was 0.1 mg./lOO ml. at a level of 20 mg./ 
100 ml. All determinations were read on a Lumetron 
photoelectric colorimeter. 

CLINICAL MATERIAL 

The subjects of these experiments were 15 essentially 
normal volunteers who were convalescing from acute 
diseases. All were well nourished and had been on a 
diet supplying more than 200 gm. of carbohydrate for at 
least three days prior to the procedure. The subjects 
were fasted for 18 hours before the tests. In some cases 
0.1 or 0.2 gm. of nembutal in 50 ml. of water was given 
orally about 30 minutes before the procedure. Every 
attempt was made to keep the subjects comfortable. 
Venipunctures and arterial punctures were done under 
procaine local anesthesia. The patients were usually at 
ease, and most of them dozed during the course of the 
experiment. As a result of the precautions taken, it 
seems unlikely that the normal physiological reactions to 
pain, fear, or anger significantly affected the observations. 


CALCULATIONS 

The arterio-hepatic venous difference (A-HV) in 
mg./lOO ml. is obtained by subtracting the hepatic venous 
from the arterial concentration. When the concentration 
is higher in the hepatic venous blood than in the arterial, 
the result is a negative quantity, indicating that the liver 
was losing the substance into the circulation. Where the 
A-HV value is positive, the liver was retaining the sub- 
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stance, either by storing it (c.g., glucose as glycogen) or 
by metabolizing it. 

The hepatic venous system drains not only the liver 
but also the gastrointestinal tract and the spleen. Strictly 
speaking, therefore, the value for A-HV represents 
splanchnic rather than hepatic metabolism. This is dis- 
cussed below. 

An attempt has been made to estimate the amount of 
glucose formed from protein in the liver, on the basis 
of the amount of urea released. Using Shaffer’s (6) 
data for the G/N ratios in diabetic dogs, it was assumed 
that the release of 1 gm. of nitrogen as urea represented 
the deamination of a sufficient quantity of amino acids 
to supply 3 gm. of glucose. On this basis 1 gm. of urea 
is equivalent to 1.4 gm. of glucose. The validity of this 
calculation is discussed below. 

The total splanchnic metabolism is obtained by multi- 
plying the value of A-HV by the estimated hepatic blood 
flow, expressed as hundreds of milliliters per minute. 
Myers has shown (7) in man that the injection of glu- 
cose solution intravenously at a rate comparable to that 
used in these observations produces a mean decrease of 
hepatic blood flow of 10 + 3% during the first hour after 
the infusion. This minor alteration of hepatic blood 
flow has been disregarded in our calculations. 

RESULTS 

Hepatic blood flow: Estimations of the hepatic 
blood flow fell well within the range of normal 


as determined by Bradley (1) and by Myers (2) 
who found mean hepatic blood flows of 865 ct 24 
and 800±71 ml./min./M^, as compared with 
851cfc:71 ml./min./M- in this series (Table I). 

Fasting hepatic glucose production: The splanch- 
nic circulation contributed a mean of 3.5 =t 0.7 
mg. of glucose per kilogram per minute to the 
circulation under fasting conditions (Table I). 

Fasting hepatic urea production: The mean rate 
of urea production was found to be 0.21 ± 0.5 
mg./kg./min. This may be considered a reflec- 
tion of the rate of deamination of amino acids 
and, therefore, it provides a rough estimate of 
the rate of gluconeogenesis. The urea excreted 
may be expressed as estimated equivalents of 
glucose formed. Under fasting conditions the 
glucose formed from protein represents 7.3 ± 
i.Ofo of the total hepatic glucose output (Table 
I). There was no relationship between the glu- 
cose output or the blood glucose concentration 
and the rate of urea production. 

The effects of intravenous glucose: After the 
administration of 0.5 gm. of glucose per kilogram 
intravenously over a period of 15 minutes, a rise 


TABLE I 

Estimated hepatic glucose production, urea formation and blood flow under fasting conditions 


Subject 

Surface 

area, 

Wt., 

Hepatic 
blood flow 

Glucose 

output 

Urea 

output 

Glucose 

from 

protein* 

Glucose 

from 

protein 

Glucose 

calories 

Normal 

BMRt 

Normal 
BMR from 
glucose 

B. B. 



mz./ks./min. 

mg./kg./min. 


% 

itr M^/min. 

cal>/M^/mxn, 

% 

1.49 

641t 

2.4 

.13 

.18 

7.5 

,268 

.606 

44 

E. M. P. 

51.7 








1.54 

711t 

4.8 

.33 

.46 

9.6 

.648 

.625 

104 

J. W. 

52.3 








1.66 

— 

1.6 

.09 

.13 

8.1 

.200 

.650 

31 

M. B. 

57.0 


i 







1.58 

— 

5.2 

.14 

.20 

3.8 

.592 

.740 

80 

L.W. 

55.0 









i 1.89 

i 896 

6.3 

.10 

.14 

2.2 

.916 

.649 

141 

H. M. C. 

67.0 









1.72 

740 

1.5 

.45 

.63 

4.2 

.220 

.656 

34 


62.6 









J. W. A. 

1.73 

840 

1.3 

.11 

.15 

11.5 

.204 

.655 

31 

R. C. 

67.5 









1.94 

1210 

1.9 

.12 

.17 

9.0 

.320 

.641 

50 

W.M. 

80.5 









1.59 

920 

6.1 

.44 

.62 

10.1 

.760 

.650 

117 


50.2 











851 

3.5 

.21 


7,3 

.459 


70 

■Bi 

H 

71 

0.7 

.05 


1.0 

.094 


14.4 


cussed'\n\S'^t^°t^ rationale of converting urea excretion into equivalents of glucose produced from protein is dis- 

1 5?*^^ estimated from the tables of Aub and’Dubois. 
t Diood flow estimated by the urea method. 
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TABLE II 


Effect of the intravenous injection of glucose on the arterial and hepatic venous glucose levels 

{mg./lOO ml.) 


Pasting 


Subject 


L. L.* 

J. C. B. 

W. P. 

A. P. 

H. McK. 

B. B. 

E. M. P. 

M. B. 

L. W. 

J. C. 

Mean 

Standard error 


15 Minutes 


-25 445 


-13 340 

- 15 343 

-10 270 

-22 331 

-18 270 

-25 262 

-15 300 

-14 310 

2.6 12.7 


A-HV 


+51 

+28 

+33 

+23 

+15 

+37 

+33 

- 3t 

- 2f 
+12 


45 Minutes 


HV A-HV 


60 Minutes 


■" This patient received 100 gm. of glucose, rather than the standard dose of 0.5 gm./kjr The data „ 

eluded from the statistical analysis. s / & e aata are therefore ex- 

t These samples were taken five minutes after termination of the glucose clysis. 


in the arterial glucose level occurred. This grad- 
ually fell after the termination of the clysis until 
it reached normal levels. The shape of the arte- 
rial glucose tolerance curve indicated a normal 
carbohydrate metabolism in all cases (Table II). 

The fasting hepatic venous glucose level was 
higher than the arterial in all cases except one 
(Table II, J. C. B.). There is no ready ex- 
planation for the inconsistency of this single 
observation. 

Fifteen minutes after the clysis was begun, the 
hepatic venous glucose level was lower than the 
arterial in all but two cases (Table 11, M. B. and 
L. W.). In these instances, technical difficulties 
caused a delay in obtaining the samples so that 
they were not collected until five minutes after 
termination of the clysis. At this time the arte- 
rial glucose level had begun to fall. It seems 
possible that an outpouring of glucose from the 
liver, stimulated by the sudden drop of arterial 
glucose concentration, might account for the 
negative values of A— HV in these cases. 

At 45 minutes after the beginning of the infu- 
sion, more than half of the patients had negative 
value for A-V, and the mean A-HV was not 
significantly different from zero. At this time 
the mean arterial glucose level was 175 mg./ 
100 ml. In some subjects, therefore,, the liver 
began to give up glucose at a time when the 
arterial glucose level was still elevated. Such a 


response suggests that regulation of the splanch- 
nic glucose balance may depend partly on the rate 
of fall of the glucose level in addition to the 
absolute glucose concentration in the blood. 

At 60 minutes the tendency to release glucose 
from the liver into the peripheral circulation was 
more marked. At this time, however, the patients 
were reacting with less uniformity than during 
the periods immediately after the injection. This 



Fig. 1. Arterial and Hepatic Venous Glucose 
Levels, Fasting and at Frequent Intervals after 
THE Intravenous Injection of 0.5 Gm. of Glucose 
PER Kilogram over a 15-Minute Period 

Note the intermittent retention and release of glucose 
fay the splanchnic system during the descending portion 
of the curve. . 
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Fig. 2. Arterial and Hepatic Venous Glucose 
Levels and Estimated Hepatic Glucose Balance 
AFTER t6e Intravenous Injection of Glucose in a 
Human Subject (Left) and a Dog (Right) 

Balance values plotted above the zero line represent 
retention of glucose, and below the line represent re- 
lease of glucose by the splanchnic system. The data for 
the dog are reproduced by permission of Dr. Soskin (8). 

is reflected in the relatively large standard error 
for A~HV. 

The observation that the splanchnic system 
could release glucose even in the face of high 
blood glucose concentrations suggested that the 
determining factor might be the rate of fall of 
the glucose level. To test this, one experiment 
was done in which samples were collected at 
frequent intervals. The curves obtained are 
shown in Figure 1. In this subject the hepatic 
venous concentrations fluctuated widely around 
the arterial curve. The significance of these data 
is discussed below. 

The total glucose balance can be calculated by 
multiplying A-HV by the hepatic blood flow. 
This has been done for patient B. B. and plotted, 
together with the arterial and hepatic venous 
curves, in Figure 2. For comparison an experi- 
ment of the same sort in a dog, reported by 
Soskin et al. (8), has been plotted in the same 
figure. In order to avoid superimposition of the 
curves, negative balances have been plotted above 
the double line and positive balances below. The 
greater excursion of the glucose curve in the dog 
is probably due to the fact that 1.75 gm. of glu- 
cose per kilogram were injected in five minutes, 
whereas in the patient 0.5 gm. per kilogram was 
mjected in 15 minutes. 


The peripheral venous glucose levels were in- 
variably lower than the arterial and were usually 
lower than the hepatic venous levels under fast- 
ing conditions. After the infusion the venous 
level rose less sharply than did the arterial or 
hepatic venous concentrations. During the de- 
clining phase of the curve, the fall of the venous 
level was also less rapid. As a result, the con- 
centration of glucose in the peripheral venous 
blood was usually higher than in the arterial or 
hepatic venous blood by the end of the observa- 
tion period. These relationships are shown for 
a typical case in Figure 3. 

DISCUSSION 

The hepatic venous system drains not only the 
liver but also the gastrointestinal tract and the 
spleen. Strictly speaking, therefore, the value for 
A-HV represents splanchnic rather than hepatic 
metabolism. Unfortunately, there is no method 
available at present for obtaining portal blood in 
the intact human being. By keeping our subjects 
basal we have hoped to reduce the metabolism of 
the extra-hepatic tissues in the splanchnic system 
to a minimum, and thus achieve a close approxi- 
mation of the activity of the liver itself. It is 
possible to estimate the magnitude and direction 
of the error introduced in the study of hepatic 
metabolism by our inability to obtain portal ve- 



Fig. 3. Arterial, Peripheral Venous and Hepatic 
Venous Glucose Values Before and After the Ad- 
ministration OF 0.5 Gm. of Glucose i.v. oitr a Period 
OF 15 Minutes 
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nous blood. Under fasting conditions in man, 
Sherlock and Walshe (9) and Ravault et al. (10) 
have shown that the portal glucose level is the 
same as that of the peripheral venous blood. 
London (11) found a consistently lower concen- 
tration of glucose in the portal vein of the dog 
than in the arterial blood. Since the portal blood 
contains less glucose than the arterial in the fast- 
ing subject, the amount of glucose released by 
the liver is actually greater than is indicated by 
the value of A-HV. The data of Soskin et al. 
(8) and of Lipscomb and Crandall (12) may be 
recalculated to determine the error introduced by 
using only the arterial and hepatic venous values. 
Under fasting conditions, the difference between 
the glucose production estimated from arterial 
and hepatic venous blood alone and that estimated 
from arterial, portal and hepatic venous blood, 
was less than the standard error of the glucose 
determinations in eight instances. There was a 
significant difference in two instances. In each 
case, where a difference occurred the value ob- 
tained from A-HV was lower than that from 
combined portal and arterial blood. After the 
intravenous administration of glucose to the dog 
of Soskin et al. (8), however, the error rose so 
that it was significant in every period, averaging 
28.9% of the actual value. In every case, the 
value obtained by the use of A-HV was lower 
than that obtained using both arterial and portal 

blood. 

In the basal human subject, therefore, it seems 
probable that values obtained by the methods we 
have used are quite close to the true hepatic 
metabolism, although tending to be somewhat 
lower After the injection of glucose, it is less 
accurate to speak of our results as indicating liver 
metabolism. Even in this case, however, the 
error is consistent and the major fluctuations 
introduced are due to the activities of the liver 
With these reservations, therefore, we have used 
the terms “splanchnic” and “hepatic” interchange- 

The data obtained from normal human subjects 
agree in all particulars with the observations made 
on experimental animals. The mean rate of g u- 
cose production in the fasting human being (3 5 
-+-0 7 mg./kg./min.) falls within the range ob- 
;;rved in dogs. Lipscomb and Crandall (12), 
Studying dogs by a method comparable to the 


technic we have used, found a mean glucose pro- 
duction of 2.0 rfc 0.2 mg./kg./min. In their re- 
view of the literature they found reported values 
obtained by various methods, varying from 1.0 to 
4.2 mg./kg./min. in the dog. Bouckaert and 
deDuve (13) have recently reported a value of 
4.0 .75 mg./kg./min. as the amount of glucose 

which must be infused to maintain the blood glu- 
cose level of a hepatectomized dog. They inter- 
pret this figure as equivalent to the amount of 
glucose released by the normal liver. It is of 
interest that the mean hepatic blood flow is less 
in man than in the dog (23 ±1.5 ml./kg./min. 
for the human, versus 32 ±2.2 ml./kg./min. for 
the dog [12], p < 0.01). The fact that the glu- 
cose output is equivalent suggests that a larger 
amount of glucose is released per milliliter of 
blood traversing the splanchnic circulation in man 
than in the dog. 

Since the rate of release of glucose to the 
peripheral circulation may be considered as equiv- 
alent to the rate of utilization (combustion plus 
storage as glycogen or fat) of glucose in the 
peripheral tissues, our patients were utilizing 
glucose at a mean rate of 3.5 mg./kg./min. This 
is equivalent to 0.014 cal./kg./min. If calculated 
on the basis of calories per square meter of body 
surface, the mean rate of glucose release from 
the liver accounted for .459 ± .094 cal./MVmin. 
This represents a mean of 70 ±13.9% of the 
normal basal caloric requirement, calculated from 
the data of Dubois and Aub, for our patients. 
Since no direct measurement of the metabolic 
rate of the subjects was made, it is unwarranted 
to assume that the glucose output represented 
70% of the actual metabolic requirement at the 
time of the observations. In three cases the rate 
of glucose production was higher than the total 
“normal” basal metabolic requirement (Table I), 
suggesting either that the subjects may not have 
been basal or that their basal metabolic rate 
may have been abnormal. 

The conversion of urea production into equiva- 
lents of glucose production can only be a rough 
approximation of the true value. It has been 
estimated that the amount of glucose produced 
from protein might, under circumstances of max- 
imal conversion, give rise to a G/N ratio as high 
as 8.0 (4) . In order to determine the maximum 
amount of glucose which could have been re- 
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leased as a result o? the observed rate of urea 
production, one would have to multiply the fig- 
ures in Table I by a factor of 2.67. Even under 
these circumstances, however, the portion of glu- 
cose produced by the liver from protein break- 
down would be only 19.7 2.7%. 

The finding of negative values for A~HV at 
times when the arterial glucose value was still 
high is not in agreement with observations by 
Soskin et al. (8) in the dog. These observers 
found that the hepatic glucose balance did not 
become negative until the arterial glucose level 
had fallen to control levels. There are certain 
differences in the technics used which might ac- 
count for the lack of agreement. The dogs 
utilized by Soskin were anesthetized and had 
been subjected to extensive surgical procedures, 
whereas the patients we were observing were in 
an essentially normal state. It is therefore pos- 
sible that the animals observed by Soskin were 
not so sensitive to changes in the blood sugar 
level as were the human subjects. The fluctua- 
tions observed in A-HV can be explained by 
postulating that the hepatic glucose balance is 
sensitive both to the arterial glucose level and 
to the rate of fall of the glucose concentration. 
The influence of the rate of fall of the arterial 
glucose concentration may be partly mechanical, 
since a sudden fall of the intravascular concen- 
tration of dextrose would cause a diffusion of 
extracellular glucose back into the sinusoids, thus 
producing a negative value for A-HV. 

It therefore seems probable that the rate of 
fall of the arterial glucose level plays a part in 
regulating the release of carbohydrate from the 
liver. This is well illustrated in the single case 
in which samples were obtained every ten min- 
utes. Thus the liver, by intermittently releasing 
glucose to the circulation, brakes the descent of 
the blood glucose concentration and protects 
against the development of hypoglycemia. 

It was noted that the peripheral venous glucose 
levels tended to be somewhat lower than those 
of the corresponding hepatic sample. This indi- 
cates that the peripheral tissues remove more 
glucose per milliliter of blood supplied to them 
than does the liver. No statement can be made 
regarding the relative total amounts of glucose 
involved, however, since no measurements of the 


blood flow through peripheral tissues were at- 
tempted. After the injection of large amounts 
of glucose, the rate of fall of the arterial glucose 
concentration was greater than that of the periph- 
eral venous content, so that toward the end of 
the period of observation many patients had higher 
venous than arterial levels. This can probably be 
explained entirely on the basis of diffusion of 
glucose from the intercellular tissue spaces back 
into the peripheral venous system as the arterial 
glucose level fell below the concentration of the 
substance in the interstitial fluids. 

SUMMARY AND CONCLUSIONS 

The hepatic catheterization technic has been 
used in studying the role of the normal human 
liver in carbohydrate metabolism both in the 
basal state and after the administration of glucose 
intravenously. Under fasting conditions, the 
splanchnic system releases glucose to the circula- 
tion at a mean rate of 3.5 =!= 0.7 mg./kg./min. 
Of this, approximately 7 % can be accounted- for 
on the basis of gluconeogenesis from protein. 
The hepatic glucose production could account for 
a mean of 70% of the total normal basal metabolic 
requirement of the patients. 

After the administration of glucose by vein, 
there is an immediate retention of glucose by the 
liver. Subsequently, as the arterial glucose level 
falls, glucose is released from the splanchnic cir- 
culation. The stimulus for this release appears 
to be both the arterial glucose level and the rate 
of fall of the glucose concentration. Evidence 
was obtained of the release of glucose from the 
liver at a mean arterial glucose level of 175 
mg./lOO ml. 

It appears that the carbohydrate metabolism 
of the normal human being is similar to that of 
experimental animals on which previous studies 
have been made. 
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I. INTRODUCTION 

Protein depletion has long been recognized as 
detrimental to many bodily functions. The prob- 
lem is particularly urgent in the chronically ill 
patient who is unable to ingest an adequate ca- 
loric or protein intake. During the past decade 
the search for parenteral substitutes for oral pro- 
tein has proceeded apace, although frequently 
without due ‘regard for the fact that retention of 
nitrogen can be expected only when a certain 
critical caloric intake supplement has been made 
available in the form of carbohydrate and fat 
(1-3). 

Mixtures of the essential amino acids, protein 
hydrolysates, and human plasma have been used 
with some success (4-6). All, however, possess 
certain disadvantages. Protein hydrolysates and 
synthetic /amino acid preparations may give rise 
to vomiting and other reactions ; also the rapidity 
with which they are deaminated and excreted in 
the urine suggests that they are poor sources of 

1 Part of this work was carried out under a contract 
between the University of Rochester School of Medicine 
and Dentistry and the Atomic Energy Commission. Par- 
tial support was received from the Committee on Growth, 
National Research Council, acting for the American 
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University of Rochester School of Medicine and Den- 
tistry. 
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the American National Red Cross from the blood of 
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investigators by the American Red Cross as part of its 
National Blood Program. The opinions and conclusions 
are those of the authors and do not necessarily reflect 
the policy of the National Blood Program. 

®Henrj' C. Buswell Fellow in Internal Medicine. 

Now at Veterans Administration Center, Los An- 
geles, California. 

° Bertha H. Buswell Fellow in Internal Medicine, now 
at Bradford Qinic, Bradford, Pennsylvania. 


nitrogen (4, 6), Plasma, especially when de- 
rived from large pools, may carry serum jaun- 
dice; and its relatively high content of sodium is 
also a source of difficulty in patients who tend to 
collect edema. Moreover, the utilization of in- 
travenously administered plasma protein has been 
the subject of some controversy during the past 
few years. It is generally conceded that positive 
nitrogen balances can be established in both ani- 
mals and man by the intravenous administration 
of homologous plasma, provided that the dose is 
in excess of the minimum protein requirements. 
It is felt by some investigators (7, 8) that the 
positive balance obtained is an illusory affair and 
that the actual utilization is poor in some in- 
stances. On the other hand, Whipple and co- 
workers (9) believe that parenteral plasma pro- 
tein can supply all the requirements for mainte- 
nance over a considerable period of time. This 
implies that there is an exchange between the 
tissues and the injected protein and that this 
exchange satisfies the need of endogenous metab- 
olism. 

When purified human serum albumin became 
available in large quantities through the Red 
Cross program, it was recognized to have certain 
advantages over other materials in common use. 
Briefly these are; its low content of sodium, the 
general freedom from reactions when given intra- 
venously in moderate amounts, and the fact that 
it can be prepared free from the hazard of viral 
jaundice. It carries the stigma, however, of being 
deficient in both tr 3 q)tophane and isoleucine (10, 
11). This deficiency has been partially rectified 
by the inclusion of acetyltryptophane as a sta- 
bilizer. Yet in view of the reported deficiencies, 
studies on the nutritive value of albumin for man 
should be pertinent. Eckhardt and others (12) 
were unable to maintain nitrogen balance when 
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37.5 Gms, of albumin a day, administered orally 
together with an adequate caloric intake, were 
the sole source of protein. Supplements of dl 
tryptophane and dl isoleucine did not improve 
utilization. However, when 50 Gms. of albumin 
were given, nitrogen was retained. Two patients 
were maintained in positive balance on 37.5 Gms. 
of albumin daily when the albumin was given 
intravenously. They concluded that albumin could 
maintain nitrogen equilibrium in man when given 
either orally or intravenously in sufficient amounts 
and that supplements of tryptophane or isoleu- 
cine were unnecessary. It should be recalled, 
however, that maintenance of equilibrium, or posi- 
tive nitrogen balance, in short periods of this sort 
is quite a different problem from satisfying 
growth or maintenance requirements over a long 
period of time, 

Albright et al. (13) have offered indirect evi- 
dence for the utility of injected albumin or 
plasma protein in protein nutrition. In a study 
of hypoproteinemic patients they found retention 
of a sufficient quantity of phosphorus to indicate 
a conversion of as much as 50 per cent of the 
injected protein into cellular protein. 

In view of the evidence at hand, it seemed 
pertinent to set up a series of experiments which 
would put the current theories to further test, 
particularly with respect to the fate of the albu- 
min in the depleted patient. Subjects were 
chosen who were in need of protein and who 
were not acutely ill, since it was thought that the 
utilization of albumin might be more efficient in 
such individuals. The amount of albumin admin- 
istered was placed at a level well above the prob- 
able basic protein requirements. In order to 
assure the best possible opportunity for conver- 
sion, the caloric intake was kept at as high a 
level as the patient would tolerate. None of the 
diets were protein-free, but, except in one in- 
stance, the amount of diet protein was too low 
to maintain nitrogen balance. 


did not ap^ar to be active, and the patient was com- 
pensated. He was, however, malnourisiicd and appeared 
dnonically ill. The basic diet provided 3300 calorics and 

supplemented by the 
addition.of 60 Gms. of beefsteak protein in two pre- 
liminary periods and subsequently by 60 Gms. of human 
albumin intravenously each day for a ten-day period. 

•11 r a 43-ycar-old white female who had been 

dl for ten months before the metabolic studies were 
begun Her illness was characterized by migratory poly- 
arthrit,s. irregu ar bouts of ]o^v-grade fever, transient 
accumulations of dmd in the pleural cavities, anorexia, 
d loss of weight. The diagnosis was never fully estab- 
ished in this patient, although it was believed that she 
had a generalized vascular disease, suggestive of peri- 

metabolic observations 
were started, she was emaciated but afebrile, and ap- 
peared to be in a quiescent phase of her disease. She 
did not tolerate the type of low protein diet used in the 
o er patients and a liquid formula providing 1200 
calories and 8.2 Gms. of nitrogen was substituted in its 
place. Following a five-day control period, the intake 
was supplemented for 12 days by 60 Gms. daily of 
intravenous albumin. 

W. R. was a 28-year-old female with a history of 
acute, and chronic alcoholism. She was asymptomatic at 
me time of study and had no clinical evidence of liver 
disease. An inadequate diet associated with alcoholism 
had brought her weight below optimum. The basic diet 
m her case provided 4.2 Gms. of nitrogen and 2600 
calories. Albumin was administered intravenously as in 
tlie other patients in the amount of 60 Gms. daily for 
15 days. 

Eugene G., a 26-year-oId white male, presented the 
syndrome of neurocirculatory asthenia, but had no signs 

TABLE I 

Sex, height, weight, age and composition of basic diet of 
subjects receiving intravenous albumin ^ 

dietary values on per diem basis) 


Patient 


Sex 

Ht. (cm.) 
Wt. (kg.) 
Age (yr.) 


Daily calories 
Carbohydrates (Gms.) 
Eat (Gms.) 

Protein (Gms.) 

Found by analysis 


II. PATIENT MATERIAL AND PROCEDURE 

G. V. was a 21 -year-old white male who had developed 
rheumatic heart disease with mitral stenosis and in- 
sufficiency at the age of five years. Cardiac decompen- 
sation had occurred on two occasions, during both of 

which there had been transient jaundice, perhaps sec- 

ondary to chronic passive congestion of the liver. At ♦Represen 
the time of the present studies, the rheumatic disease ous sanrpling. 


N Gms. 
Ca Gms. 
P Gms. 
K Gms. 
Na Gms. 
Cl Gms. 


G. V. 

E. G. 

W. R. 

Eugene 

G. 

Male 

Female 

Female 

Male 

182.2 

156.0 

169.0 

172.0 

56.1 

38.7 

57.2 

56.6 

21 

43 

28 

26 

3355 

1225 

2643 

2282 

727 

109 

487 

450 

46 

59 

68 

47 

11.8 

55.5 

23.5 

17.6 

*2.630 

8.160 

*4.200 

2.600 

.360 

1.540 

.421 

.278 

.914 

1.470 

1.140 

.406 


— 

3.200 

3.860 


' 

— 

0.118 



~ 

0.159 


METABOLIC STUDIES ON PROTEIN -DEPLETED PATIENTS 


247 


of organic disease. Tiierc was a history of suboptimal 
caloric intake for more than a year but no recent loss 
of weight. He was physically tiie most normal subject 
of the group and probably had no significant protein 
depletion at tlie time of the experiment. His basal diet 
provided 2300 calories and 2.6 Gms. of nitrogen per diem. 

A summary of the basic data on these patients plus 
the analytical values found on their control diets is pre- 
sented in Table I. The albumin used was also analyzed 
and found to contain in each 100 cc. (a 25 per cent 
solution) 3.90 Gms. of nitrogen, 14 mg. of phsaphorus, 
13.84 m.eq. of sodium, and .78 m.eq. of chloride. 

III. METHODS 

All subjects were admitted to the special Metabolic 
Ward for study where well-controlled balances could be 
conducted. Diets were weighed and cooked under the 
supervision of the dietician, and any food refused by the 
patients was saved for analysis. The major emphasis 
was placed upon the determination of the balance of 
nitrogen, calcium and phosphorus. In addition the potas- 
sium balance was determined for W. R. and the sodium, 
potassium and chloride balances were determined for 
Eugene G. Urine was collected in periods of 24 hours. 
Stools were saved in five-day pools and separated by 
carmine markers. The intake for elements entering into 
the calculation of the balance was determined either by 
analysis of sample diets duplicating in all respects the 
food as served to the patients, or by the method of con- 
tinuous sampling as described by Bassett and Van Alstine 
(14). The analytical procedures were carried out as 
follows: nitrogen in the urine, diet and stool by macro- 
Kjeldahl; calcium of the diet, urine and stool by the 
gravimetric procedure (IS) ; daily analyses of the urinary 
phosphorus were made by the method of Fiske and 
Subbarow (16) ; phosphorus in the diet and feces by 
the gravimetric method (15) ; sodium and potassium were 
determined by the internal standard method of flame 
photometry (17) ; chloride by the open Carius method 

(18) . Serum proteins were determined colorimetrically 

(19) and fractionated by Howe’s method; they were also 
measured by a method based on the electrophoretic pat- 
tern (20). Urinary protein was determined by a modi- 
fication of the biuret method (19). The dye T 1824 was 
used to estimate plasma volume using Gibson’s tech- 
nique (21). Hematocrits and er 3 rthrocyte sedimentation 
rates were done as described by Wintrobe (22). 

IV. RESULTS 

Nitroge7i balance 

The three subjects (G. V., W. R., and Eugene 
(j-) who received a basic diet containing 4.0 Gms. 
or less of nitrogen a day were in negative nitrogen 
balance during the control periods, although from 
inspection of Figures 1, 3, 4 it is clear that they 
tended to approach equilibrium in the final pre- 
iminary days. E. G. (see Figure 2) who re- 


ceived slightly more than 8 Gms. of food nitrogen 
of good quality each day, retained nitrogen for 
the first five days, in spite of the low caloric 
intake. In her case, the need for protein was 
obviously great and the reduction in calories ap- 
parently had not reached the critical level (1) 
where retention of nitrogen is impossible. All 
four patients were found to be in markedly posi- 
tive nitrogen balance during the first few days 
of albumin injections and in none was there an 
appreciable increase in the urinary nitrogen dur- 
ing this time. This is in marked contrast to the 
prompt increase in urinary nitrogen in G. V. 
(Figure 1) when he was fed beefsteak protein in 
an amount equivalent to the albumin injected. 
After the first few days on albumin, the nitrogen 

NITROGEN BALANCE and URINE PROTEIN DURING 
INTRAVENOUS ALBUMIN 

G.V. AGE 21 MALE UNIT NO. IB2390 



PERIOD I 2345 6789 10 II 


Fig. 1 

Positive nitrogen balances are indicated by the clear 
areas between the intake line and the columns represent- 
ing the sum of urine and fecal excretion. An extension 
of these columns above the intake line denotes a nega- 
tive balance. 

The urine protein is given as grams of protein per 
24 hours. 
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NITROGEN BALANCE AND URINE PROTEIN DURING 
INTRAVENOUS ALBUMIN 

E.G. AGE 43 FEMALE UNIT NO 267749 



Fig. 2 

For legend, see Figure 1. 

of the urine began to increase and rose slowly 
but progressively until the experimental period 
was terminated. In only one instance, however 
(the case of G. V.), did the urinary nitrogen 
become so great as to produce a negative nitrogen 
balance. The reason for this negative balance is 
undoubtedly to be found in the marked protein- 
uria which this man developed. When the injec- 
tions of albumin were discontinued, the urinary 
nitrogen did not immediately decline to the level 
of pre-albumin days, but remained well above that 
level so that the negative balance of the five post- 
control days was in excess of that encountered in 
a preliminary period of equal length. This can 
hardly be interpreted other than as catabolism 
of some of the albumin still remaining in the body. 

Proteinuria 

All the patients excreted protein in the urine 
at some time during the course of administration 
of albumin, but in only one subject, G. V., was 
massive proteinuria encountered (see Figures 
-4) In his case distinct traces of albumin, 
although in amounts too minute for precise meas- 
urement, had appeared in the urine from time to 
time prior to parenteral albumin administration. 


On the fourth day of the injections, however, 
there was a sharp rise in urinary protein which 
by the tenth day reached a maximum of 30 Gms. 
in 24 hours. This wastage of protein was un- 
doubtedly responsible for the negative nitrogen 
balance at the end of the experimental period. 
The electrophoretic pattern of the urinary protein 
showed chiefly albumin with a trace of alpha 
globulin. The phenomenon of proteinuria was 
less marked in the remaining three patients, and 
its onset tended to be more delayed. At maxi- 
mum E. G. excreted about 7 Gms. daily, Eugene 
G. 5 Gms. daily, while the amount excreted by 
W. R. did not rise above 3 Gms. in 24 hours. 
On cessation of injections of albumin, the protein- 
uria in these patients declined sharply or ceased 
altogether within five or six days. 

Body weight 

The two male patients (G. V. and Eugene G.) 
each gained about 2 kg. in weight during the time 
albumin was given, while the two women showed 

NITROGEN BALANCE AND URINE PROTEIN DURWG- 
INTRAVENOUS ALBUMIN 

W.a AGE 28 FEMALE UNIT Ntt 238476 
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NITROGEN BALANCE AND URINE PROTEIN DURING 
INTRAVENOUS ALBUMIN 


E»iG age 26 MAtX UNIT NO 188107 



Fig. 4 

For legend, see Figure 1. Blocks labeled “blood N" 
represent nitrogen removed in blood taken for analysis. 

gains of about S kg. (Figures 1-4). That the 
major factor in the weight gains of all patients 
was an expansion of the extracellular fluid vol- 
ume, is suggested by the fact that the portion of 
albumin nitrogen apparently retained as proto- 
plasm was quite inadequate to account for the 
weight gain in any patient. The mechanism of 
the large gain in extracellular fluid seen in the 
female patients was probably different in each 
case. Evidence to be brought out later suggests 
that albumin leaked into the extracellular fluid of 
E- G. where it tended to bind water. W. R., on 
the other hand, showed little evidence for the 
retention of large amounts of albumin in the 
e.xtracellular fluid. She did, however, take large 
amounts of salt and water during this time and 
sodium retention was felt to be partially responsi- 
ble for the accumulation of fluid. It will be noted 
(Figure 3) that some decrease in weight occurred 
before the injections of albumin were stopped, 
and that this coincided with a moderate restric- 
tion of the intake of salt and water. 


Plasiua protein and plasma volume 

The rise in the concentration of plasma albu- 
min above the control level was of the order of 
2 Gms. per cent (Figures 5-8). The maximum 
concentration of albumin, 6.3 Gms. per cent, oc- 
curred in Eugene G. The concentration of globu- 
lin decreased as the albumin rose, but this was 
apparently an effect of dilution, since calculations 
of the total circulating globulin based on the 
increase in plasma volume showed no change. 
An expansion of the plasma volume to about 25 
per cent above the initial values occurred in all 
cases but there was no change in the cell volume 
(except in the case of Eugene G. where rather 
large quantities of blood were removed for analy- 
sis). As a consequence the hematocrit fell. 
There was also a decrease in the erythrocyte 
sedimentation rate, presumably related to the 
higher concentration of plasma albumin. 

EFFECT OF INTRAVENOUS ALBOMN ON SERUM PROTBNS, 
BLOOD VOLUME, HEMATOCRIT AND ERYTHROCYTE 
SEDIMENTATION 


0V AGS 21 MALE UNIT HO 182390 


PLASMA VOLUMC 

OATC B/9 9M 9A> 

TOTAL 5500 «00 «00 

PLASMA 3000 3790 3000 

COLS 2300 MOO eroo 



Fig. 5 
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Clinical course 

In' the categories already discussed, i.e., nitro- 
gen balance, proteinuria plasma proteins, plasma 
volume, hematocrit, and sedimentation rate, one 
notes a striking similarity in the reactions of the 
four patients. The sharply differing clinical re- 
sponses, however, demonstrate the effect of the 
condition of the subject on the fate of the injected 
albumin. 

Patient G. V. tolerated the injections of albu- 
min well until the seventh day when he began to 
complain of loss of appetite and nausea. On the 
tenth day of albumin he was observed to be 
jaundiced. At no time was there any clear evi- 
dence of heart failure although he was known to 
have rheumatic heart disease and had had cardiac 
decompensation on two previous occasions. The 
jaundice and anorexia subsided promptly on ces- 
sation of the injections, and the remaining period 
of observation passed without incident. The in- 
tense proteinuria exhibited by this man may have 
acted as a safety valve to prevent expansion of 
his plasma volume to the point where it would 
have precipitated cardiac failure. 

Patient E. G. ran a stormy clinical course. On 
the third day of albumin she became febrile and 
during the last few days of injections, as well as 
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in the post-control period, there was remittent 
fever, with spikes as high as 40° C. A left pero- 
neal palsy was observed on the fifth day, and on 
the sixth day edema became evident, which in- 
creased progressively throughout the rest of the 
experimental period. Small bilateral pleural ef- 
fusions, which were present on admission, in- 
creased in size and a pericardial effusion was 
noted shortly after the patient returned to the 
general ward. Both the fever and the peripheral 
neuritis were felt to be part of her disease process. 
There seems little doubt, on the other hand, but 
that the edema, increasing pleural effusions, and 
the pericardial effusion were secondary to the 
administration of albumin. Obviously the re- 
markable gain of 5 kg. in weight in 12 days was 
due to the increasing anasarca. 

• Patient W. R. was unaffected by the injections 
until the eighth day. At this time she complained 
of a feeling of fullness in the abdomen and loss of 
appetite. During the evening of the 11th day, 
she had an attack of nocturnal paroxysmal dysp- 
nea and rales were heard at the bases of both 
lungs. Restriction of salt was enforced beginning 
with the 12th day, following which there was a 
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prompt diuresis and a decrease in weight. Never- 
theless, exertional dyspnea persisted and on occa- 
sion scattered rales were heard at the base of the 
right lung. Both symptoms and signs disap- 
peared within two days after stopping the injec- 
tions of albumin. It should be recalled that this 
patient had no evidence whatever of organic heart 
disease, and the syndrome of left ventricular 
failure appeared to be secondary to the increase 
in plasma volume, undoubtedly related to the 
intravenous administration of albumin. 

Eugene G. received albumin intravenously for 
15 days during periods 3 through 5 in the experi- 
ment. In period 4 the patient ran a low grade 
fever and had a mild diarrhea probably due to an 
intercurrent infection. During the last six days 
of the experimental period he too complained of 
a feeling of fullness in the abdomen, became an- 
orexic, and vomited occasionally. It was difficult 
to evaluate his symptoms because of his exag- 
gerated emotional responses and it was considered 
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Positive calcium and phosphorus balances are indicated 
by clear areas between intake line and the columns repre- 
senting the sum of urinary and fecal excretions. An ex- 
tension of these columns above the intake line denotes a 
negative balance. 

improbable that albumin therapy was the chief 
basis of his discomfort. The objective effects 
were the gain in weight and the proteinuria which 
have been considered previously. Neither of these 
was of a magnitude to cause concern. 

Calcium and phosphorus balances 

Phosphorus balances were done on all patients 
primarily to estimate the amount of nitrogen 
which was released or bound in the catabolism 
or anabolism of tissue protein. This can be done 
only when the exchange of phosphorus with cal- 
cium is taken into consideration (23) and for this 
reason calcium balances were also carried out. 
The essential data are plotted in Figures 9-12. 
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For legend, see Figure 9. 

Because of the dietary and other differences in 
the programs to which these patients were sub- 
jected, it will be necessary to include a brief 

description of each case. _ _ 

The rheumatic patient, G. V., received an 
of phosphorus of 0.914 Gm. and calcium of 0.36 
Gm. daily during the control periods. The phos- 
phorus intake was increased appreciably when the 
beef supplement was given, but was not increased 
materially by albumin which contains very httle 
phosphorus. The phosphorus balance followed 
the Expected course during the control periods 
and at the time when beefsteak was pven (ne., 
it correlated well with the nitrogen balance). In 
periods 6 and 7 when albumin was injected one 
notes a gradual decrease in the excretion of uri- 


nary phosphorus; and this continued throughout 
the post-control period (period 8). Because of 
the low intake of calcium, the balance was nega- 
tive and the excretion in the urine very low. In 
periods 7 and 8, evidently as a consequence of 
the administration of albumin, calcium completely 
disappeared from the urine and its disappearance 
coincided with the lowest values of urinary phos- 
phorus. An adequate diet was given in periods 
9, 10, and 11 with retention of considerable nitro- 
gen and phosphorus. Calcium was present again 
in the urine but the balance still remained slightly 
negative. 

The calcium and phosphorus in the diet of E. G. 
were moderately high, 1.54 and 1.47 Gms. a day, 
respectively. Some of the irregularity in the 
intake (Figure 10) is the result of small losses 
through vomiting. Retention of both elements 
occurred in the control period. Injection of al- 
bumin did not produce much reduction in urinary 
phosphorus nor change in the phosphorus balance, 
a fact which constitutes the main argument in the 
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For legend, sec Figure 9. 
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CALCIUM AND PHOSPHORUS BALANCES 
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Fig. 12 

For legend, see Figure 9. 

contention that this patient was unable to convert 
more than a small portion of the injected protein 
into cellular protoplasm. The calcium of the 
urine became less in the experimental period. In 
the post-control period its excretion almost ceased. 

The basic diet of W. R., who was in nearly nor- 
mal health, corresponded rather closely to that of 
G. V. and was low in nitrogen and calcium but 
adequate in phosphorus and calories (Table I). 
Figure 11 shows the pronounced decrease in the 
urinary phosphorus and the positive phosphorus 
balance during the last ten days on albumin. The 
irregularity of the curve of urinary phosphorus 
is probably due to the fact that she received five 
different diets during the experimental period 
each of which contained the same amount of nitro- 
gen, but differed somewhat in its content of cal- 


cium and phosphorus. As the method of con- 
tinuous sampling was used for the analysis of 
her diets, the only analytical values obtained for 
intake were those for a five-day period. The 
negative calcium balance was not unexpected in 
view of the suboptimal intake of this element. 
It is to be noted that urinary calcium decreased 
in the post-albumin control period. We have 
then, in this patient, essentially a duplication of 
the results previously described in G. V. 

On analysis of the diet of Eugene G., it was 
found to contain only 0.421 Gm. of phosphorus, 
which was less than had been anticipated. Since 
the experiment was already well under way when 
this was discovered, no supplementary phosphate 
was given. Calculations had shown the diet to 
be deficient in calcium, and the deficit in dietary 
calcium was made up by the administration of 
calcium gluconate in divided doses so that the 
daily intake was slightly in excess of 0.8 Gm. 
With the injection of albumin and in the post- 
control periods, urinary phosphorus decreased to 
very low levels. Fecal phosphorus, on the con- 
trary, did not decrease. Because of the very low 
phosphorus intake, the balance was only slightly 
positive even at the time when the urinary excre- 
tion was minimal. The small rise in phosphorus 
excretion in period 4 coincides with an inter- 
current infection when the patient was mildly 
febrile and had a few diarrheal stools. Although 
the intake of calcium should have been sufficient 
to maintain equilibrium, the balance was rather 
consistently negative. (This may have been due 
to the fact that the limited supply of available 
phosphorus was all used to meet the demand for 
conversion of albumin to cell protein, thus leaving 
little or no phosphorus to combine with the cal- 
cium.) However, the urinary calcium was afr 
fected as in the other patients and decreased in 
the second and third periods on albumin and in 
the post-albumin control period. 

This consistent decrease in the urinary calcium 
is not without interest. Albright (13) has noted 
the association of decreased urinary calcium with 
intravenous administration of plasma protein. 
From the present studies, it seems to be of little 
importance in its effect on the overall calcium 
balance and correlates poorly with some of the 
other phenomena obser%'ed. It occurs whether or 
not there is a decrease in urinarj' phosphorus 
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(data on E. G.) and does not relate directly to 
the proteinuria. Serum calcium was followed 
carefully in only one patient (Eugene G.) and 
in this instance it rose from a control value of 
11.3 mg. per cent to 14.9 mg. per cent, coinci- 
dentally with the peak value for the concentration 
of serum protein. This appears to be an indica- 
tion that calcium was bound to the albumin re- 
tained in the blood stream. Nevertheless, from 
the quantitative point of view, our data suggest 
a far greater actual retention (decreased urinary 
excretion) of calcium than was required by the 
extra albumin in circulation. It is true, of course, 
that we are unable to give an accounting for the 
albumin which has diffused into the lymph or 
extracellular fluid and which might be expected 
to bind calcium. That some of the injected 
albumin may be reconstituted in the form of cal- 
cifiable osteoid tissue is likewise a possibility (13). 

Actual versus "theoretical” nitrogen balance 

In the metabolism of protoplasm the exchanges 
of nitrogen must in the long run be associated 


with exchanges of phosphorus and potassium in 
amounts comparable to the proportion which ex- 
ists in tissue, if normal structural relationships 
are to be maintained. The essential correctness 
of this thesis has been repeatedly demonstrated 
by Albright et al. (23-25) and constitutes the 
basis for the computation of the theoretical nitro- 
gen balance. If one corrects the phosphorus bal- 
ance for the amount combined with calcium, the 
remainder should give an index of the amount of 
nitrogen required in the anabolism and catabolism 
of tissue. In practice, during metabolic experi- 
ments, the actual nitrogen balance and the theo- 
^ retical nitrogen balance are in faij-ly good agree- 
ment during the oral feeding of protein and in 
fasting. 

In the preparations of Figures 13-16, both the 
actual and theoretical nitrogen balances have been 
plotted, not as deviations from control periods, 
but as they actually occurred. This makes very 
little difference except in the case of Eugene G., 
where the balance of phosphorus in preliminary 
periods was consistently and significantly negative. 
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The actual nitrogen balance is represented by the lined columns, the 
theoretical nitrogen balance by the clear columns. When overlapping 
occurs, the borders of the theoretical nitrogen balance columns are demar- 
cated by squares superimposed on the limiting lines. 
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Fig. 14 

For legend, see Figure 13. 

In G. V. the actual and theoretical balances of 
nitrogen agreed fairly well until albumin was 
given. During these two periods the theoretical 
balance was at first much less positive than the 
actual balance, and in the post-albumin period 
it remained strongly positive although the actual 
balance had become negative (Figure 13). 

The actual nitrogen balance of E, G. was 
markedly positive throughout the administration 
of albumin, but the theoretical balance was small 
and did not increase in the stepwise fashion ob- 
served in the other patients (Figure 14), a cir- 
cumstance which will receive further comment 
presently. 

_ The data on W. R. (Figure 15) are quite 
similar to those on G. V. and show a progressive 
increase in the “theoretical” retention of nitrogen 
during the 15 days on albumin. The theoretical 
balance differs from G. V., however, in that it 
did not continue to be strongly positive in the 
post-albumin period. 
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Fig. 15 

For legend, see Figure 13. 
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Fig. 16 

For legend, see Figure 13. 
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The general ^trend of events in subject Eugene 
G. (Figure 16) was similar to that in G, V. and 
W. R., but one notes that the theoretical nitrogen 
balance is only slightly positive during albumin 
injections when computed from phosphorus ac- 
cruing to the body. On the other hand, when 
calculated from the deviation of the phosphorus 
balance from that of the preliminary control pe- 
riods, the theoretical balance of nitrogen is almost 
as great as in the other two patients. We have 
commented previously on the almost complete 
disappearance of phosphorus from the urine of 
this man as the administration of albumin was 
continued. This suggests that the phosphorus 
derived from endogenous sources, instead of be- 
ing excreted as in the control period, was being 
reutilized. It is to be noted further that his 
intake of phosphorus was low and that there 
may have been an obligatory excretion of phos- 
phorus in the feces, for the latter did not decrease 
even when the demand for phosphorus seems to 
have been marked. Thus, the whole trend of his 
response may have been altered by the limited 
quantity of available phosphorus. 

The jate of the injected protein 

We have used the “theoretical” nitrogen bal- 
ance, as has Albright (13, 23), to estimate the 
conversion of phosphorus-poor albumin into cel- 
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lular protein associated with the average amount 
of phosphorus. The fraction of the injected al- 
bumin which has been catabolized (deaminated) 
may be estimated from the rise in the excretion 
of the urinary nitrogen above the baseline of the 
control periods. The fraction of the unchanged 
albumin wasted by excretion in the urine can 
readily be measured also. With this information 
at hand, a balance sheet can be drawn up which 
shows in a general way what has happened to 
the albumin at any moment in the experiment. 
The injected albumin can be roughly accounted 
for as follows : 

( 0 ) Albumin catabolized. 

(b) Albumin converted to tissue protein. 
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(c) Albumin remaining in the blood stream, 
extracellular fluid, etc. 

(d) Albumin excreted in the urine. 

There are obvious limitations to these calcula- 
tions. For example, one cannot tell whether 
albumin is converted to tissue protein and then 
catabolized, or whether it is directly degraded,- 
nor can one follow the fate of the carbon residues 
of the deaminated protein. The exact location of 
albumin apparently retained as such in the body 
is not known except for that part remaining in 
the plasma. 

In setting up the balances two main assump- 
tions were made: (7) that the exchange of nitro- 
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Fig. 19 

Chart construction is such that the column for day 15 
gives the sum of the metabolic effects from day 1 up to 
that moment. 

The cumulative albumin converted is represented by 
ined columns: the cumulative albumin retained, by the 
total height of the clear columns, from the baseline to 
the lines with squares superimposed on them. 
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Fig. 20 

The cumulative albumin converted is represented by 
lined columns; the cumulative albumin burned, by the 
total height of the clear columns from the baseline to the 
lines with squares superimposed on them. 

gen, phosphorus and calcium as measured on the 
final days of the control period would have re- 
mained constant throughout the experiment, had 
albumin not been administered; (2) deviations 
from the baseline of the control period could be 
ascribed to the albumin injections. Figure 17 
has been constructed to illustrate the principles 
involved. The data are those obtained on G. V. 
The basic intake of nitrogen failed to meet the 
endogenous requirement of this patient, and he 
was in slightly negative balance during the fore- 
period. When albumin was given, there was an 
increase in the urinary nitrogen above the basic 
excretion of the foreperiod. This represents al- 
bumin deaminated (burned). The gross reten- 
tion of albumin in the body is the difference be- 
tween that injected and that deaminated. The 
albumin retained is, therefore, greater than the 
actual positive nitrogen balance by this method 
of computation. 

The cumulative burning of albumin in compari- 
son with the amount converted to tissue protein 
in the case of G. V. has been graphed in Figure 
18. One notes that neither process occurs to a 
significant degree until the third day of albumin 
injections. Thereafter both processes increased 
in stepwise fashion and continued even during 
the post-control period. The cumulative reten- 
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tion and conversion of albumin for this patient 
is depicted in Figure 19. There are two main 
points of interest, the delay in the conversion of 

CUMULATIVE RETENTION AND CONVERSION OF ALBUMIN 
TO TISSUE!?) PROTEIN 


E.G. AGE 43 female UMT NO 2G7749 



the retained albumin, and the apparent conversion 
of more albumin than was retained at the end of 
the control period. There are perhaps two pos- 
sible explanations for the latter anomalous sit- 
uation: { 1 ) an error in the calcium-phosphorus 
balance which made the retention of the phos- 
phorus appear greater than it actually was; (2) 
utilization of a small amount of the phosphorus 
for some other purpose than the conversion of 
albumin to tissue protein. 

Figures 20 and 21 which record the cumulative 
conversion and burning, and cumulative retention 
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For legend, see Figure 18, 


and conversion of albumin, respectively, by E. G. 
should be contrasted with those of G. V. In 
E. G. deamination proceeded in somewhat the 
same fashion, but to a greater degree and the 
amount of albumin converted to cell protein was 
very small. Even at the end of the post-control 
period, a large percentage of it remained un- 
changed in the body. Figures 22 and 23 show 
the same processes in patient W. R. The de- 
amination began slowly, while conversion was 
somewhat more rapid and did not appear to 
continue beyond the fifth post-control day. Fig- 
ures 24 and 25 prepared from the data on Eugene 
G. are similar. Evidence of conversion could no 
longer be obtained after the seventh post-albumin 
day. The catabolism occurred more slowly, and 
the urinary nitrogen was still above the pre- 
albumin level ten days after the injections were 
discontinued. About 50 per cent of the injected 
protein was incorporated into cell protein if one 
computes this fraction from the deviation of the 
phosphorus balance from the initial control periods. 

The amount of albumin retained in the plasma 
of the individual patients at different times is 
presented in Table II. Inasmuch as these values 
are admittedly rough estimates, no definite con- 
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TABLE II 

Albumin retained in plasma 


Subject 

Day of 
experi- 
ment 

Dose to 
date 

Extra 
amount 
in plasma 

As 

per cent 
total 


6 

Gms. 

360 

Gins. 

95 

Gms. 

26 

G. V. 

9 

540 

184 

34 


15 

540 

65 

12 


5 

300 

43 

14 

E. G. 

8 

480 

93 

19 

12 

720 

117 

16 


15 

720 

108 

15 


3 

180 

40 

22 

VV. R. 

12 

720 

112 

16 

14 

825 

154 

19 


23 

885 

96 

11 


4 

240 

45 

19 


9 

540 

94 

17 

Eugene G. 

15 

900 

213 

24 

19 

900 

93 

10 


23 

900 

58 

6 


Note; Many of the calculations of plasma volume were 
made from changes in the hematocrit alone, according to 

the formula PVi = PVi ’ Because of the 

known inaccuracies of venous hematocrit determinations, 
these figures are assumed to be rough estimates. 


elusions will be drawn. However, it was our 
impression that the albumin seemed to leave the 
blood stream most rapidly in G. V. who had the 
smallest dose and the most pronounced protein- 
uria and least rapidly in E. G. who utilized it 
poorly. In no instance were observations con- 
tinued long enough for all the extra albumin to 
have disappeared. 

A summary of the fate of the albumin admin- 
istered to these patients is given in Table III. 
The large excretion of urinary protein in G. V. 
and the comparatively small conversion of albu- 


TABLE III 

Summary of albutnin administration 
(As per cent of the amount given) 


Subject 

Male 

Female 

G. V. 

Eugene 

G. 

E. G. 

W. R. 

Albumin burned 

Albumin excreted m urine 
Albumin retained in body 

Albumin converted to tissue 
protein 

35.9 

26.6 

37.5 

39.0 

5.3 

55.7 

51.2 

8.3 

40.5 

39.9 

1.6 

58.5 

100.0 

46.6 

100.0 

45.6 

100.0 

9.2 

100.0 

52.4 


min to tissue protein in E. G. are emphasized 
again. W. R. and Eugene G., who were essen- 
tially normal, reacted to the injections with re- 
markable similarity. 

V. DISCUSSION 

The clinical response to human serum albumin 
given intravenously depends not only on its 
nutritive properties as a protein, but also on two 
other factors, namely, its potent osmotic activity 
and its nativity to the human body. Probably 
because of the last-named factor it is metabolized 
comparatively slowly under normal circumstances. 
Therefore, when the substance is given in large 
quantities, its slow utilization results in the ac- 
cumulation of significant amounts of osmotically 
active protein. Thus to predict the response of 
the individual to injections of human albumin, 
one should take into consideration (a) his state 
of nutrition, especially with respect to protein, 
(h) the permeability of the capillaries in general 
and of the glomerulus in particular, and (c) the 
status of the cardiac reserve. Once an individual 
is saturated with albumin the compensatory ad- 
justments may break down and proteinuria, car- 
diac decompensation, or edema may occur. Each 
of our four patients reacted differently to similar 
daily doses of intravenous albumin, and the im- 
portance of pre-existing disease (E. G.), renal 
permeability to protein (G. V.), dietary intake 
(E. G. and Eugene G.) and cardiac reserve 
(W. R.) are clearly shown. 

The nutritive response as determined by the 
nitrogen balance deserves some comment even 
though this has been well described by other 
authors (12, 26). A positive nitrogen balance 
was present in all our patients at all times during 
the administration of albumin with the one ex- 
ception of G. V. at a time when proteinuria was 
excessive. This exception should perhaps be 
emphasized since it is perfectly clear that the 
escape of albumin in the urine may reverse the 
nitrogen balance at a time when the need for 
protein still exists and the patient is still capable 
of storing considerable amounts of nitrogen. 
Moreover, the significance of the positive nitrogen 
balance should be determined in the light of the 
following facts. There is abundant evidence that 
plasma proteins will pass certain membranous 
barriers (27, 28). Albumin given intravenously 
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escapes through the capillary walls into the lym- 
phatic spaces and to a smaller extent into the 
interstitial spaces. The accumulation of the 
whole protein in plasma, lymph, and the inter- 
stitial fluid has been described by Riegel (26) 
as a metabolic dead space and this is true in the 
sense that the nitrogen retained in the acute ex- 
periment has not all been converted into cellular 
protein. Thus under only one condition could 
the positive nitrogen balance be used as an indi- 
cation of the nutritive value of this protein ; 
namely, when an accurate calculation of the un- 
changed albumin in the body is at all times 
available. The amount retained in the plasma 
can be determined comparatively easily by plasma 
volume and serum protein determinations, but 
the quantity held outside the plasma would re- 
quire measurement of the concentration of the 
albumin in the extracellular fluid as well as the 
volume of the latter. Indirect calculations of 
the unchanged albumin from data such as ours 
are perhaps possible but can be done only if 
other balances (calcium, phosphorus and potas- 
sium) are carried out. 

The mode, extent and determining factors of 
utilization of parenterally administered plasma 
protein has been of considerable interest both to 
us and to other investigators. If one accepts the 
hypothesis that retention of phosphorus with al- 
bumin is a sign that the latter is being converted 
to cell protein, it seems certain that many patients 
will be able to effect such a modification. Three 
of our four patients showed evidence of conver- 
sion. The failure of our fourth patient, E. G., 
certain postoperative patients (26), and one nor- 
mal patient who was receiving only 37.5 Gms. of 
protein a day (29) to show evidence of significant 
utilization may be taken as evidence that albumin 
IS subject to the general laws of protein metabo- 
lism in the body. 

The efficacy of albumin in relation to food pro- 
tein was Studied in only one patient, G. V. Beef 
protein orally and albumin intravenously were 
compared in quantities containing nearly equal 
amounts of nitrogen. The total conversion of 
albumin to cell protein by our method of estima- 
tion was 46 per cent, that for beef protein 22 
per cent. It is obvious that no conclusions can 
be drawn from a single trial of this nature. 


The actual mode of utilization of parenteral 
plasma protein has been discussed by several 
groups of workers. Whipple and his associates 
(28) have postulated "fluid interchange between 
the reserve stores and organ cells in which the 
protein is produced, modified and utilized in the 
body economy.” Such a give and take might be 
accomplished without breaking the protein into 
its constituent amino acids. An alternate ex- 
planation is offered by Eckhardt (12) who sug- 
gests that the process is one of gradual decay, 
and that only as the protein is split into its 
individual components does it become available 
to the cells. According to this hypothesis albu- 
min introduced into the blood stream would be 
broken down slowly by proteolytic enzymes and 
those constituents not of immediate use for re- 
synthesis of protein would be deaminated and 
excreted. By observing tbe rate at which in- 
jected albumin disappeared from the plasma, he 
was able to fit his data to a standard decay curve 
with a 50 per cent disappearance time in five 
days. Justification for neglecting the albumin 
held in extracellular fluid and lymph is based on 
the assumption that the proteins in these systems 
are in equilibrium with the plasma, although not 
necessarily of equal concentration. Thus when 
one measures the disappearance from the blood, 
one also measures the rate of disappearance from 
the extravascular spaces. 

We were unable to establish similar decay 
curves in our patients because of too infrequent 
determinations of plasma volume. Decay in the 
sense used by Eckhardt would in our patients 
include albumin burned and converted, if one 
neglects the albumin lost in the urine. We have 
computed decay in our subjects using a time of 
five days for 50 per cent disappearance. Spe- 
cifically this means that we have assumed that by 
the end of a five-day period, 50 per cent of the 
injected albumin would no longer be present as 
such in the body, but would have been either 
degraded or converted to cell protein. The values 
obtained for decay are compared with the sum of 
burning and conversion in Table IV and are ex- 
pressed cumulatively as grams of nitrogen. The 
formula used for computing decaj' is that given 
for a series of daily injections (12). One sees 
fair correlation in the three patients, G. V., W. R., 
and Eugene G. This positive correlation we be- 
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TABLE IV. 


Cahulatcd decay of albumin vs sum of albumin calabolized and converted 


Subject 

G. 

v. 

E. 

G. 

W. R. 

Eugene G. 

Calculated 

decay 

Sum of 
catabolism 
and 

conversion 

Calculated 

decay 

Sum of 
catabolism 
and 

conversion 

Calculated 

decay 

Sum of 
catabolism 
and 

conversion 

Calculated 

decay 

Sum of 
catabolism 
and 

conversion 

5 days 

■HUB 


15.7* 

lit 

15.7* 

12t 

15.7* 

I7.6t 

10 days 



47.5 

25 

47.5 

42 

47.5 

45 

15 days 

72 


90.5 

48 

87.5 

102 

87.5 

78 

20 days 



95.5 

72 

116 

119 

116 

107 

25 days 

1 


mm 



130 

126 

1 

130 

121 


* Values in this column refer to the per cent of decay that had taken place by the 5th, 10th, ISth day, etc. 
t Values in this column refer to the sum of catabolism plus conversion also expressed as per cent of the amount of 
albumin received by the patient up to and including the Sth, 10th, and ISth days respectively. 


lieve adds further support to the use of the theo- 
retical nitrogen balance as a means of determining 
the conversion of albumin to some other form of 
protein. It is also clear that the rate at which a 
standard dose of albumin is metabolized is closely 
similar in these three individuals. 

The poor correlation in E. G. is in agreement 
with our other data which indicate that a con- 
siderable fraction of the injected albumin re- 
mained as such presumably in edema fluid. Par- 
tial confirmation of this is found in the fact that 
the protein concentration of the pleural fluid was 
6.2 Gms. per cent. It seems reasonable that ex- 
cessive quantities of albumin leaked into the inter- 
stitial fluid in this patient, possibly because of 
increased capillary permeability. However, it 
does not seem likely that stagnation of the protein 
in the extracellular spaces was purely on a^ me- 
chanical basis for if conversion of the albumin to 
cell protein and hence its removal from inter- 
stitial fluid depends upon contact with cells bor- 
dering on extravascular spaces, there should have 
been no lack of opportunity for this to occur. 
One must not overlook a possible influence of 
diet which was perhaps critically low in calories 
(Section I). The synthesis of protein m the 
cells may have been nearly maximal before the 
albumin was given, and further increase was pre- 
vented by a lack of source of energy. 

The mechanism of the proteinuria, which even- 
ually occurred in all our patients, requires brie 
omment. In no case was there suspicion of 
serious renal damage, since values for glomerular 
filtration rate and renal plasma flow were wit m 
normal range. This does not, however, rule out 


the possibility of abnormal glomerular permeabil- 
ity, especially in G. V. who had traces of protein 
in his urine prior to albumin injections. It might 
be argued (a) that injections of albumin damage 
the glomeruli and that leakage of protein is per- 
mitted. A previously damaged glomerulus would 
perhaps leak more protein than one which was 
formerly normal. (6) That the normal glomeru- 
lus permits the passage of small amounts of pro- 
tein which is ordinarily recaptured by the tubular 
cells and that proteinuria after albumin is sec- 
ondary to the high concentration of albumin in 
the plasma and is due to filtration of more albumin 
than can be reabsorbed by the tubular cells. In 
view of the recent observations of Monk and 
Yuile (30), Terry et al. (31), and Rather (32) 
and the arguments advanced by them, the second 
mechanism appears to fit the facts better than 
the theory of damage. As was the case in animal 
experiments (31), the albuminuria of our patients 
ceased soon after the injections were stopped and 
tests of kidney function showed no decrease as a 
result of the procedure. 

VI. SUMMARY 

Each of four subjects received a daily dose of 
60 Gms. of concentrated sodium-free albumin for 
ten or more days. Balances of nitrogen, calcium, 
phosphorus, and potassium were made during 
control, albumin, and post-albumin periods. Con- 
comitant observations of serum protein fractions, 
plasma volume and renal function were made. 

The individual variations in response are noted, 
namely {1) the development of an intense pro- 
teinuria in a patient convalescent from rheumatic 
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{ever, without evidence of impaired renal func- 
tion: (2) the retention of water with peripheral 
edema, hydrothorax and pericardial effusion, and 
the poor utilization of the injected protein in a 
woman with probable generalized vascular dis- 
ease; (i) the excellent utilization, but eventual 
development of signs of cardio-respiratory embar- 
rassment in a young woman in fair health except 
for moderate undernutrition; and ( 4 ) the modi- 
fication of the response in a normal young male 
by other dietary factors. The mechanisms of 
these reactions are discussed. 

It is felt that proteinuria will develop even- 
tually in any patient when saturation with albu- 
min has occurred and that this is probably not 
due to renal damage, but represents a physio- 
logical response when the maximum reabsorptive 
capacity of the renal tubules for protein is ex- 
ceeded. 
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Congenital methemoglobinemia is an unusual 
condition in which a large amount of intracellular 
hemoglobin exists as methemoglobin — pigment in 
which the hemoglobin iron is in the ferric state 
and incapable of carrying oxygen. The congeni- 
tal type of methemoglobinemia is present from 
birth and is characterized by the constancy of the 
level of methemoglobin, by the relatively mild as- 
sociated symptoms, and by polycythemia with no 
evidence of excessive blood destruction. There 
are 15 verified cases of congenital methemoglo- 
binemia in the literature (1-10) and 10 additional 
cases of idiopathic methemoglobinemia (11-15) 
in which definite information as to the congenital 
aspect was lacking. In all of these cases the 
abnormal pigment was identified spectroscopically. 

The subject of this study was a young man 
who presented the typical clinical picture of con- 
genital methemoglobinemia. We have now fol- 
lowed him for five years — sufficient time to eval- 
uate different forms of therapy for this condition. 

CASE HISTORY 

F. S., a 23-year-old public accountant, was admitted in 
December 1942 because of persistent cyanosis. He was 
born a "blue baby” and had been continually cyanotic 
with no noticeable fluctuation of degree of cyanosis dur- 
ing all his life. He could not indulge in strenuous exer- 
cise because of dyspnea, easy fatigability and pounding 
temporal headaches. He took no drugs and had no 
gastro-intestinal symptoms and there was no family his- 
tory of similar cyanosis. 

Physical examination disclosed a well-developed young 
man, 5 feet 11 inches tall and weighing 207 pounds. 
His skin had a slate blue color which was especially 
apparent in his lips, ears and finger nail beds. His con- 
junctivae were congested and the veins in the optic fundi 
were dark and dilated. There were no abnormalities on 
examina tion of his heart and lungs. Blood pressure was 

^ Read at the Meeting of the American Society for 
Clinical Investigation, Atlantic City, N. J., May 5, 1947. 

-Fellow of the Nutrition Foundation. Present ad- 
dress; The Rockefeller Institute for Medical Research, 
■ New York, N. Y. 


130/90. He had no clubbing of his fingers, and his 
spleen and liver were not palpable. 

Laboratory data: Hinton test for syphilis was negative; 
RBC was 6.5 million per mm.’; hematocrit was 58 per 
cent; Hb was 19 gms. per 100 cc.; WBC was 7,850 per 
mm.’ with a normal differential count; reticulocytes were 
2.2 per cent. Hypotonic saline fragility was normal. 
Bone marrow puncture showed only a normoblastic hy- 
perplasia, consistent with his polycythemia. Urine and 
stool examinations were negative. Plasma proteins were 
7.8 gms. per 100 cc. with 4.4 gms. of albumin ; serum bili- 
rubin was 0.5 mgm. per 100 cc. Venous pressure was 100 
cm. of water ; circulation time was 14 sec. (decholin) ; vital 
capacity was 4 liters. Bromsulfalein excretion test showed 
a retention of 5 per cent of the dye in the serum in 30 
min. EKG was normal; BMR was —15 and — 12 per 
cent. X-ray of the chest showed normal lung fields with 
a heart of normal size and shape. X-ray of the large 
bowel showed no abnormalities. Spectroscopic examina- 
tion of the blood showed the absorption bands charac- 
teristic of methemoglobin. By difference between total 
pigment and oxygen capacity it was estimated that 45 
per cent of the total blood pigment was in the form of 
methemoglobin. Subsequent determinations of methemo- 
globin were done by the colorimetric method of Evelyn 
and Malloy (16). This method was checked by the 
carbon monoxide capacity method of Van Slyke and 
Hiller (17) and found to be accurate to +f).2 gm. in 
our hands. 

After a control period of one week in which the level 
of methemoglobin remained constant he was given 90 
mgm. of methylene blue intravenously. In 10 minutes 
half of the methemoglobin disappeared and by 30 minutes 
over 95 per cent had disappeared. He was then able to 
exercise vigorously without headaches and breathlessness 
which had previously so limited his activity. During the 
course of the following five years he was treated with 
ascorbic acid and with methylene blue by mouth. It was 
found that 240 mgm. of methylene blue in enteric coated 
tablets per day were well tolerated and were sufficient to 
keep him free of cyanosis. Coincident with this treat- 
ment polycythemia and reticulocytosis subsided. No toxic 
effects from this long-sustained treatment have been 
obser\’ed. 

The identity of the abnormal pigment in this 
case was established spectroscopically as methe- 
moglobin. There was a well-defined absorption 
band at 630 /t which disappeared after addition 
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Fig. 1. Oxygen Dissociation Curve of Patient 
WITH 30 Per Cent Methemoglobin Superimposed on 
Normal Oxygen Dissociation Curve 

This is compared with the curve of Darling and Rough- 
ton on blood also containing about 30 per cent methemo- 
globin. 


of sodium cyanide or of sodium hydrosulfite 
(NzoSnO^) in vitro, or after injection of methyl- 
ene blue in vivo. 

Symptoms present in our patient and in others 
reported were those of anoxia due to the decreased 
oxygen-carrying capacity of the blood. In addi- 
tion to this, Darling and Roughton (18) have 
recently described an additional adverse effect of 
the presence of methemoglobin on oxygen trans- 
port; this is a shift to the left of the oxygen 
dissociation curve as also occurs in carbon monox- 
ide poisoning. This change hinders the transfer 
of oxygen from the blood to tissue. 

The oxygen dissociation curve on the blood of 
our patient when his methemoglobin level was 30 
per cent was determined by us and by the Har- 
vard Fatigue Laboratory (Figure 1). In both 
cases the points fell on the normal curve and 
showed none of the changes described by Darling 
and Roughton. In four other cases in which 
oxygen dissociation curves were made, one (12) 
showed no shift while three showed definite shifts 
of the curve (1, 14, 19). 

STUDIES OF THE MECHANISM 

I. Site oj the deject 

To ascertain whether the factor responsible for 
the high methemoglobin content of the erythro- 



FiG 2. Rate of Methemoglobin Formation in Patient F. S. after 
Cessation of Methylene Blue Therapy 
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Fig. 3. Behavior of Blood from Patient F. S. after Transfusion 
INTO A Patient with Refractory Anemia 


cytes was in the cells or the plasma the patient’s 
red cells were incubated with compatible normal 
serum, and normal cells were incubated with the 
patient’s serum. At the end of 24 hours in the 
former the methemoglobin was not significantly 
reduced, and in the latter methemoglobin was not 
produced. This confirmed previous in vitro ob- 
servations that there was no plasma factor of 
importance (2, 10). 

To ascertain whether there was any factor in 
the body, outside the red cells, that influenced 
methemoglobin formation in the cells, the follow- 
ing in vivo experiment was performed. The 
methemoglobin in the patient’s circulation was 
changed to normal hemoglobin by methylene blue 
administration, and the subsequent rate of methe- 
mogfobin formation in the patient was observed 
for 13 days (Figure 2). There was an average 
daily transformation of 3 per cent of the total 
hemoglobin into methemoglobin. At a time when 
methylene blue therapy had changed the patient’s 
methemoglobin nearly all to normal hemoglobin 
he was bled and 225 cc. of his erythrocytes were 
infused into a patient with refractory anemia 
(Figure 3). This subject was chosen as a re- 
cipient because there would be no new hemoglobin 
formation to complicate the experiment. The 
volume of cells infused was calculated to be ex- 
actly equal to the volume of the recipient’s own 


circulating erythrocytes, as estimated from deter- 
mination of her plasma volume (T-1824 method) 
and her hematocrit. After the infusion the rate 
of methemoglobin formation per day was 1.5 per 
cent of the total hemoglobin. It therefore ap- 
peared that the infused cells were forming methe- 
moglobin in the recipient at the same rate at 
which they formed it in the donor. This result 
makes it appear improbable that there were any 
abnormal factors outside the red cells of the 
methemoglobinemic patient that influenced the 
formation of methemoglobin. 

II. Failure oj methemoglobin reduction 

A solution of hemoglobin obtained by laking 
human red cells when exposed to an atmosphere 
of 95 per cent air and 5 per cent carbon dioxide 
will be completely converted to methemoglobin in 
about five days (Figure 4). This was equally 
true of hemoglobin from normal human subjects 
and of hemoglobin from our patient. Intact red 
cells possess a mechanism which prevents this 
from occurring and maintains the hemoglobin iron 
in the ferrous state. When we incubated normal 
cells in the rocker perfusion apparatus (20) no 
methemoglobin was formed as long as glucose was 
present in the media (Figure 4). When sodium 
nitrite Avas added to normal cells under these 
conditions methemoglobin was formed and then 
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. NORMftU blood + GLUCOSE 
»— « . . + . ^ SODIUM NITRITE 

* PATIENT’S WASHED CELLS + GLUCOSE 



Fig. 4. Methemoglobin Levels after in vitro In- 
cubation OF Hemolyzed Cells and Intact Cells in 
THE Rocker Perfusion Apparatus 

The in viiro effect of sodium nitrite on normal cells 
is also shown. 

completely reduced within 12 hours. When cells 
from our patient containing methemoglobin were 
incubated in the apparatus there was no reduction 
and the methemoglobin level rose to about 30 per 
cent. This inability of the patient’s cells to reduce 
methemoglobin corroborates previous in vitro ob- 
servations (2, 6, 10). 


Studies of the in vivo reduction rates of methe- 
moglobin were performed by injecting, intrave- 
nously, 0.5 gm. of sodium nitrite into normal 
individuals and into the patient. Nitrite was 
chosen because it rapidly produced methemoglobin 
and was itself entirely gone from the blood stream 
by 60-90 minutes (21). In both the normal 
subject and the patient the sodium nitrite caused 
formation of about 2.5 gms. of methemoglobin 
per 100 cc. of blood within 40 minutes. On the 
other hand, after three hours, half of the methe- 
moglobin formed had disappeared in the normal 
subject while in the patient the methemoglobin 
level showed no tendency to fall even after seven 
hours (Figure 5). This indicates that the nor- 
mal mechanism for methemoglobin reduction fails 
to operate in this patient. 

III. The methemoglobin reduction mechanism of 
the erythrocyte 

In viU'O studies of methemoglobin reduction in 
the red cell have shown that this is an enzymatic 
process in which glucose and lactate act as hydro- 
gen donors (22-24). In view of this relationship, 
the carbohydrate metabolism of our patient’s 
erythrocytes was investigated. The resting oxy- 
gen consumption measured in the Warburg mano- 
metric apparatus of 2 ml. of the patient’s cells 



Fig. 5.' Effect of O.S Gm. Sodium Nitrite on Patient F. S. and on a 

Normal Subject 
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TABLE I 


Chemical survey of factors involved in carbohydrate metdbolisrn in patient's blood 








RBC 




Glucose 

uliitzation 

Lactate 

utilization 

Whole blood 
inorganic P 

15 min. hydro- 
Jysable P 

Acid 

soluble P 

Total P 

Resting Ot 
consumption 

1 

Flavine 

adenine 

dinucleotide 


tnim. per 
ccnl Per hour 

mgm, per 
cent per hour 

tngm. Per cent 

mgm. Per cent 

mgm. per 
cent 

mgm. per cent 

mm.* per 
hour per 2 cc. 
of cells 

gamma 

Per cent 

Normal average 
range 

Patient 

10-20(28) 

0-5 

2.4-3.5(29) 

8.1-10.5(30) 

50-60(27) 

47-114(29) 

10-30 

35 

21.5 

0-4 

2.5 

12.2 

56.4 

112.7 

20 

35 


22.2 


3.2 

13.2 

58.6 

121.6 




was 22 mm.^ in 30 minutes as compared with 19 
mm.® in the normal control. Glycolysis as meas- 
ured by glucose utilization (25) and lactate for- 
mation was normal. There was no lactate utiliza- 
tion. Flavine adenine dinucleotide in red cells 
was measured by the method of Ball et al. (26) 
using the enzyme system of d-amino acid oxidase 
with d, 1-alanine as substrate.® The amount of 
enzyme present was the same as in a normal con- 
trol. Values for the 15 minute hydroly sable P 
of which the chief component is adenosine tri- 
phosphate were well within the normal range. 
Acid soluble P values comprising largely glycerol 
phosphate (27) were normal. Measurement of 
the other P partitions also showed nothing which 
indicated any abnormality of phosphorylation. 
These findings are summarized in Table I. To 
the extent of these studies we were unable to find 
any defect in the carbohydrate metabolism of the 
erythrocyte. 

IV. Action of methyletie blue 

Harrop and Barron in 1928 (31) demonstrated 
that the addition of methylene blue caused a ten- 
fold increase in the oxygen consumption of mam- 
malian red blood cells. Such an increase occurred 
to the same degree in our patient’s erythrocytes 
as in the normal erythrocytes. This increase does 
not occur when the cells are washed free of glu- 
cose. When blood from the patient with con- 
genital methemoglobinemia was treated with meth- 
ylene blue in the presence of 100 mgm. per cent 
glucose there was complete reversion of the met- 
hemoglobin present to active hemoglobin. This 

® The standard flavine adenine dinudeotide and the 
d-amino acid oxidase was generously furnished by Dr. 
E. G. Ball. 


reversion was inhibited by M/300 iodoacetate. 

The beneficial therapeutic effect of methylene 
blue has been observed clinically for 15 years in 
secondary types of methemoglobinemia (32-34) 
and has been recently reported in congenital met- 
hemoglobinemia (8, 14). The marked thera- 
peutic effect of methylene blue in our patient « 
suggests that it replaces 'some constituent of nor- 
mal cells that is necessary for the enzymatic 
reduction of methemoglobin and that this is lack- 
ing in the cells of our patient. 

V. Other oxidizing and reducing substances 

Since hydrogen peroxide is formed in certain 
enzymatic reactions and then is decomposed by 
intracellular catalase, it seemed possible that a 
deficiency of catalase could be responsible for the 
presence of methemoglobin. Accordingly the 
catalase content of the patient’s erythrocytes was 
determined by a modification of the methods of 
Morgulis and Jusatz (35, 36) using 0.1 M hy- 
drogen peroxide in 0.02 M phosphate buffer (pH 
7.0) in a Warburg vessel. A normal catalase 
content of the red cells was found. 

There are also substances present in blood cells 
and plasma that are capable of reducing methe- 
moglobin. Ascorbic acid and glutathione are two 
such substances. This patient had blood levels of 
ascorbic acid averaging about 0.25 mgm. per cent 
compared to normal values of 1.5 to 2.0 mgm. 
per cent (37) despite adequate dietary ascorbic 
acid. The reduced glutathione level of the pa- 
tient’s whole blood was 20 mgm. per cent as com- 
pared to normal values of 40 mgm. per cent (38). 
One might consider that these substances repre- 
sent a secondar}' line of defense of the body 
should the cell reconversion mechanism not func- 
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tion. Certain circumstantial evidence indicates 
that this might be true. When hemoglobin or 
methemoglobin is injected intravenously in a dog 
an equilibrium point is reached at a methemo- 
globin concentration of 30 to 40 per cent of the 
total pigment (39, 40). By coincidence the 11 
cases of congenital methemoglobinemia in which 
the per cent methemoglobin was reported showed 
the same equilibrium concentration. 

When 2 gms. of ascorbic acid were given intra- 
venously the methemoglobin level dropped from 
25 to 15 per cent in ten hours. On doses of 300 
to 500 mgm. of ascorbic acid per day for two 
weeks it was possible to lower the level of met- 
hemoglobin to 8-10 per cent of the total pigment. 
The sluggishness of this reaction and the fact that 
d-ascorbic acid which is physiologically inert is 
equally as effective as the naturally occurring 
isomer suggest that the effect of ascorbic acid is 
due to its direct reducing action on methemoglo- 
bin (41, 42) rather than to restoration of the 
normal enzymatic reduction mechanism. 

DISCUSSION 

Studies on this case have emphasized the nor- 
mal mechanism by which the organism is able to 
maintain the hemoglobin-methemoglobin equilib- 
rium within the red cell at about 99.6 per cent 
in favor of the ferrous form which is essential 
for transport of oxygen (43). There is undoubt- 
edly steady formation of methemoglobin in the 
red cell, but the cells are capable of reducing the 
methemoglobin as soon as it is formed. In con- 
cxenital methemoglobinemia we have shown that 
this mechanism fails to function, and it is perti- 
nent to look further into the nature of this 

mechanism. 

In 1930 Warburg (22) showed that methemo- 
globin formed in intact red cells could be^ reduced 
by the cells when glucose was added. This reduc- 
tion of methemoglobin was accompanied by the 
disappearance of the glucose and the appearance 
of pyruvic acid. This effect could be inhibited 
by iodoacetate. Gibson (44) has recently shown 
hat methemoglobin reduction can occur in the 
presence of fluoride, but there is accumulation of 
phosphoglycerate. These findings indicate that 
the reduction of methemoglobin is coupled with 


glycolysis. In the glycolytic process diphospho- 
pyridine nucleotide (coenzyme I) is reduced and 
is available for reduction of methemoglobin. (Red 
cells also contain triphosphopyridine nucleotide 
[coenzyme II] which becomes reduced by the 
direct oxidation of glucose through phosphoglu- 
conic acid.) Gutmann (45) has shown that re- 
duced pyridine nucleotide will slowly reduce met- 
hemoglobin directly and this reaction can be 
accelerated by the addition of methylene blue. 
In normal cells it is likely that a flavoprotein 
which is present acts, as in other tissues, as a 
carrier between the pyridine nucleotide and the 
iron porphyrin. Little is known about the nature 
and properties of the flavoprotein in the red cell. 
Studies of Gibson have shown that in abnormal 
cells of his patients with congenital methemoglo- 
binemia there is no defect in that part of the cycle 
concerned with formation of reduced pyridine 
nucleotide. Since glycolysis was shown to take 
place normally in the cells of our patient it is 
probable that reduced pyridine nucleotide is also 
formed normally in his cells. Since methylene 
blue has such a pronounced effect on reducing the 
methemoglobin in bis cells it seems likely that the 
defect lies in these substances which catalyze the 
reduction of methemoglobin by reduced pyridine 
nucleotide. Gibson concluded that this defect in 
his patients was a deficiency of the flavoprotein, 
the coenzyme factor. In heart muscle this factor 
has been shown to be a flavine adenine dinucleo- 
tide (46). We analyzed for this substance using 
the d-amino acid oxidase as a test system and 
found it to be present in normal amounts in the 
cells of our patient. It is still a possibility that 
in his red cells this factor which is deficient is the 
flavine mononucleotide in which case the deficiency 
would not have been apparent by our method of 
analysis. It is also possible as both Kiese (47) 
and Gibson point out that the methylene blue does 
not function in a system already functioning ac- 
tively (the coezyme I system) but rather enters 
into a secondary sluggish system (the coenzyme 
II system) and converts it into a rapidly active 
system. Further studies are necessary to find 
out what flavoproteins are present in the red cell 
and whether they have the capacity to reduce 
methemoglobin directly or require other as yet 
unknown factors. 
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SUMMARY 

A case of congenital methemoglobinemia was 
studied which demonstrated the following charac- 
teristics : 

1. The level of methemoglobin was approxi- 
mately 40 per cent of the total pigment and re- 
mained constant from day to day. 

2. In the untreated patient there was a com- 
pensatory polycythemia and no evidence of exces- 
sive blood destruction. Alteration of the O, 
dissociation curve was not present. 

3. Methylene blue and ascorbic acid were ef- 
fective therapeutic agents. 

4. The cause of the methemoglobinemia was 
shown to be the absence of a factor in the erythro- 
cyte mechanism that in normal red cells rapidly 
reduces methemoglobin. 

ACKNOWLEDGMENT 

We should like to express our gratitude to Mr . F rancis 
Stanley, the patient, without whose interest and coopera- 
tion these studies would have been impossible, and to 
Miss Katherine Hubbel for technical assistance. 

BIBLIOGRAPHY 

1. Hitzenberger, K., Autotoxische Zyanose (Intraglobu- 

lare Methamoglobinamie) . Wien. Arch. inn. Med., 
1932, 23 , 85. 

2. Dieckmann, W. J,, Methemoglobinemia, Arch. Int. 

Med., 1932, SO, 574. 

3. Van Lier, H. W., Over de Parhaemoglobinaemieen. 

These, Utrecht, 1933. 

4. Van Thienen, G. J., Methaemoglobinaemia. Nederl. 

tijdschr. v. geneesk., 1933, 77, 1086. 

5. Van Heukelom, S., Intraglobulaire congenitale fami- 

liaire methemoglobinaemia. Geneesk. tijdschr. 
Nederl.-Indie, 1937, 77, 3054. 

6. Lian, C., Frumusan, P., and Sassier, M., Methemo- 

globinemie congenitale et familiale. Action favor- 
able de I’acide ascorbique. Bull, et mem. Soc. 
med. d. hop. de Paris, 1939, 55, 1194, 

7. Deeny, J., Murdock, E. T., and Rogan, J. J., Familial 

idiopathic methaemoglobinaemia with a note on 
the treatment of two cases with ascorbic acid. 
Brit. M. J., 1943, 1, 721. 

8. King, E. J., White, J. C, and Gilchrist, M ., A case 

of idiopathic methaemoglobinaemia treated by as- 
corbic acid and methylene blue. J. Path. & BacL, 
1947, 59, 181. 

9. Graybiel, A., Lilienthal, J. L., and Riley, R. L., The 

report of a case of idiopathic congenital (and 
probably familial) methemoglobinemia. Bull. Johns 
Hopkins Hosp., 1945, 76, 155. 

10. Sicvers, R. F., and Ryon, J. B., Congenital idio- 

pathic methemoglobinemia; favorable response to 


ascorbic acid therapy. Arch. Int. Med., 1945, 76, 
299. 

11. Slosse, A., and Wybauw, R., Un cas de methemo- 

globinemie idiopathique. Ann. et bull. Soc. roy. d. 
sc. med. et nat. Brux., 1912, 70, 206, 

12. Litarezek, G., Aubert, H., Cosmulesco, I., Comanesco, 

V., and Litarezek, S., Sur un cas de cyanose auto- 
toxique par methemoglobinemie intraglobulaire. 
Sang, 1930, 4, 188. 

13. Leiner, G., and Minibeck, H., Ein Fall von intra- 

globularer Methaemoglobinaemie. Wien. klin. 
Wchnschr., 1935, 48, 1547. 

14. Gibson, Q. H., and Harrison, D. C., Familial idio- 

pathic methaemoglobinaemia, five cases in one 
family. Lancet, 1947, 2, 941. 

15. Bensley, E. H., Rhea, L. J., and Mills, E. S., Familial 

idiopathic methaemoglobinaemia. Quart. J. Med., 
N. S., 1938, 7, 325. 

16. Evelyn, K. A., and Malloy, H. T., Micro determina- 

tion of oxyhemoglobin, methemoglobin and sulf- 
hemoglobin in a single sample of blood. J. Biol. 
Chem., 1938, 126, 655. 

17. Peters, J. P., and Van Slyke, D. D., Quantitative 

Clinical Chemistry. Vol. II, Methods. Williams 
and Wilkins Co., Baltimore, 1932, p. 352, 

18. Darling, R. C., and Roughton, F. J. W., The effect 

of methemoglobin on the equilibrium between oxy- 
gen and hemoglobin. Am. J. Physiol., 1942, 137, 
56. 

19. Darling, R. C., Personal communication. 

20. Geiman, Q. M., Anfinsen, C. B., McKee, R. W., 

Ormsbee, R. A., and Ball, E. G., Studies on 
malarial parasites. VII. Methods and techniques 
for cultivation. J, Exper. Med., 1946, 84, 583. 

21. Greenberg, L. A., Lester, D., and Haggard, H. W., 

The reaction of hemoglobin with nitrite. J. Biol. 
Chem., 1943, 151, 665. 

22. Warburg, O., Kubowitz, F., and Christian, W., Uber 

die katalytische Wirkung von Methylenblau in 
lebenden Zellen. Biochem. Ztschr., 1930, 227, 245. 

23. Wendel, W. B., Oxidations by erythrocytes and the 

catalytic influence of methylene blue. I. The oxi- 
dation of lactate to pyruvate. J. Biol. Chem., 1933, 
102, 373. 

24. Kiese, M., Erhaltung des Blutfarbstoffes in Funk- 

tionsfahigem Zustand. Klin. Wchnschr., 1946, 25, 
81. 

25. McKee, R. W., Omsbee, R. A., Anfinsen, C. B., 

Geiman, Q. M., and Ball, E. G., Studies on ma- 
larial parasites. VI. The chemistry and metabo- 
lism of normal and parasitized (P. Knowlcsi) 
monkey blood. J. Exper. Med., 1946, 84, 569. 

26. Ball, E. G., McKee, R, W., Anfinsen, C. B., Cruz, 

W. 0., and Geiman, Q. M., Studies on malarial 
parasites. IX. Chemical and metabolic charges 
during growth and multiplication in vivo and itt 
vitro. J. Biol. Chem., 1948, 175, 547. 

27. Rapoport, S., and Guest, G. M., The distribution of 

acid-soluble phosphorus in the blood cells of s-ari- 
ous vertebrates. J. Biol. Chem., 1941, 138, 269. 



272 


HOWARD A. EDER, CLEMENT FINCH, AND RALPH W. MCKEE 


28. Rapoport, S., and Guest, G. Mr, The decomposition 

of diphosphoglycerate in acidified blood. Its rela- 
tionship to reactions in the glycolytic cycle. J. 
Biol. Chem., 1939, 129, 781. 

29. Peters, J. P., and Van Slyke, D. D., Quantitative 

Clinical Chemistry, Vol. I, Interpretations. Wil- 
liams and Wilkins Co., Baltimore, 1932, pp. 1097, 
1098. 

30. Barrenscheen, H. K., and Vasarhelyi, B., Unter- 

suchungen fiber die Glykolyse des Blutes. II. 
Pyrophosphatfraktion und Glykolyse. Biochem. 
Ztschr., 1931, 230, 330. 

31. Harrop, G. A., Jr., and Barron, G. E. S., Studies on 

blood cell metabolism. I. The effect of methylene 
blue and other dyes upon the oxygen consumption 
of mammalian and avian erythrocytes. J. Exper. 
Med., 1928, 48, 207. 

32. Williams, J. R., and Challis, F. E., Methylene blue 

as an antidote for anilin dye poisoning. J. Lab. 
& Clin. Med., 1933, 19, 166. 

33. Wendel, W. B., The control of methemoglobinemia 

with methylene blue. J. Clin. Invest., 1939, 18, 179. 

34. Wendel, W. B., Methemoglobinemia. Modern Medi- 

cal Therapy in General Practice, Vol. III. Edited 
by Barr, D. P., Williams and Wilkins Co., Balti- 
more, 1940, p. 3018. 

35. Morgulis, S., Studies on the inactivation of catalase. 

III. Destruction of catalase by hydrogen peroxide. 
J. Biol. Chem., 1931, 92, 377. 

36. Jusatz, H. J., Eine neue einfache Methode der quanti- 

tativen Bestimmung der Blutkatalase. Klin. 
Wchnschr., 1932, 11, 1188. 


37. Butler, A. M., and Cushman, M., Distribution of 

ascorbic acid in the blood and its nutritional sig- 
nificance. J. Clin. Invest., 1940, 19, 459. 

38. Fujita, A., and Numata, I., tlber die jodometrische 

Bestimmung des Glutathions in Geweben. Biochem. 
Ztschr., 1938, 299, 249. 

39. Harrison, H. E., Personal communication. 

40. Farr, L., Hiller, A., and Van Slyke, D. D., Personal 

communication. 

41. Gibson, Q. H., The reduction of mcthaemoglobin by 

ascorbic acid. Biochem. J., 1943, 37, 615. 

42. Barcroft, H., Gibson, Q. H., Harrison, D. C., and 

McMurray, J., Familial idiopathic methaemoglo- 
binaemia and its treatment with ascorbic acid. 
Clin. Sc., 1945, 5, 145. 

43. Van Slyke, D. D., Hiller, A., Weisiger, J. R., and 

Cruz, W. O., The determination of carbon monox- 
ide in blood and of total and active hemoglobin by 
carbon monoxide capacity. Inactive hemoglobin 
and methemoglobin contents of normal human 
blood. J. Biol. Chem., 1946, 166, 121. 

44. Gibson, Q. H., The reduction of mcthaemoglobin in 

red blood cells and studies on the cause of idio- 
pathic methaemoglobinaemia. Biochem. J., 1948, 
42, 13. 

45. Gutmann, H., Jandorf, B., and Bodansky, O., The 

role of pyridine nucleotides in the reduction of 
methemoglobin. J. Biol. Chem., 1947, 169, 145. 

46. Straub, F. B., Isolation and properties of a flavo- 

protein from heart muscle tissue. Biochem. J., 
1939, 33, 787. 

47. Kiese, M., Die Reduktion des Hamiglobins. Biochem. 

Ztschr., 1944, 316, 264. 


THE EFFECTS OF INDUCED MALARIA, ACUTE STARVATION AND 
SEMI-STARVATION ON THE ELECTROPHORETIC DIAGRAM 
OF THE SERUM PROTEINS OF NORMAL YOUNG MEN ^ 

By henry LONGSTREET TAYLOR, OLAF MICKELSEN, and AN CEL KEYS 
{From the Laboratory of Physiological Hygiene, University of Minnesota, Minneapolis) 

(Received for publication September IS, 1948) 


During the last ten years, the technique for the 
electrophoretic analysis of serum proteins, origi- 
nally described by Tiselius (1), has been stand- 
ardized and a large number of important condi- 
tions have been studied. Luetscher (2) has 
reviewed this work and pointed out that the 
common denominator of all disease processes 
studied has been a relative decrease in the albu- 
min fraction. Both acute and chronic infections 
produce an increase in the alpha globulin fraction 
which is often accompanied by an increase in the 
gamma globulin fraction. Chronic noninfectious 
processes such as ulcer or cancer also are accom- 
panied by an increase in one or both of the alpha 
globulin fractions. Chow (3) has demonstrated 
that there exists a negative correlation between 
the relative amounts of serum albumin and the 
combined alpha globulins in disease states such 
as tuberculosis, ulcer and malnutrition. It has 
been shown that the characteristic response to 
protein depletion in the dog (4, 5) is also a de- 
crease in albumin and an increase in the alpha 
globulins. Since this same change occurs in dis- 
ease Chow has quite properly raised the question 
as to whether it is a response to the disease state 
or whether it is the result of the protein depletion 
which is common to these diseases. 

^ The work reported here was supported in part by The 
Brethren Service Committee, Elgin, Illinois; The Serv- 
ice Committee of The Society of Friends, Philadelphia; 
The Mennonites Central Committee, Akron, Pennsyl- 
vania; The John and Mary R. Markle Foundation, New 
York; The Sugar Research Foundation, New York; The 
National Dairy Council, operating on behalf of The 
American Dairy Association, Chicago; and The Home 
Missions Board of the Unitarian Society, Boston. In 
addition, support was provided under the terms of a 
contract, recommended by The Committee on Medical 
Research, between The Regents of the University of 
Minnesota and the Office of Scientific Research and 
Development. During the last phases of tlie work on 
semi-starvation, this contract was transferred to the 
Office of the Surgeon General, U. S. Army. 


Experiments in this laboratory on the effects 
of induced malaria, of acute starvation and of 
semi-starvation on human volunteers provided an 
opportunity to study these questions in controlled 
and uncomplicated situations. Data from these 
experiments which throw some light on the rela- 
tionship of protein depletion to serum protein 
composition during disease and starvation form 
the basis for this report. 

CONDITIONS AND MATERIALS 

All the subjects were males between the ages of 18 and 
34 years and were members of Civilian Public Service. 
A careful medical examination failed to disclose signs of 
disease or abnormality when the men were admitted to 
the laboratory dormitory. , 

Eleven of these men took part in a long-term dietary 
experiment in which caloric and thiamine intake were 
carefully controlled. These diets were adequate in all 
known dietary constituents. This group of men was sub- 
jected at different times to both the stress of malarial 
fever and five days when they received no food. Ample 
time was allowed between the starvation stress and the 
induction of malaria for the subjects to recover com- 
pletely from the effects of going without food. 

These volunteers were inoculated with the McCoy 
strain of tertian malaria and all of them developed the 
active disease. After five to eight paroxysms and an 
average of 193 degree-hours of body temperature above 
101” F., the malarial fever was terminated with quinine 
sulfate. Further details of this work will be presented 
elsewhere (6). Blood was drawn with the men in the 
fasting state the day before inoculation and again at the 
end of the febrile period. Plasma volumes were deter- 
mined on the same day using the blue dye, T 1824. The 
concentration of the dye %vas determined by extrapolation 
of values obtained at 20, 30 and 40 minutes after the 
injection of the dye. The plasma volumes were calcu- 
lated according to the procedure of Gibson and Evans (7). 

Four of the 11 men were also subjected to five days 
of simultaneous starvation and hard work. The regimen 
of activity was so designed that the men expended 4,500 
Calories a day during the fast. During this period the 
men lost an average of 13.8 pounds or 9 per cent of the 
initial body weight. Similar e.xperiments which lasted 
for a shorter period of time have been described pre- 
viously (8). Blood samples were drawn the morning of 
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TABLE I 

The clcctrophorelic components of the scrum proteins before and after a bout of induced malaria 


Protoln 

Per 

cent of Total Pattern 

Oramo ncr 100 cc. Serum 


Fraction 

Before 

malaria 

after 

malaria 

Change 

per cent 
Change 

Before 

malaria 

After 

malaria 

Change 

per cent 
Change 

Before 

malaria 

after 

malaria 

Change 

Per cent 
Change 

All). 

(M.2 

55.9 

-8.J 

12.9 

4.38 

3.79 

- 0.59 

I3.k 

l4s.i 

127.5 

-21.6 

14.5 

Olob. 

35. S- 

44.1 

+8.3 

23.2 

2.44 

2.97 

+ 0.53 

a.7 

82.5 

99.9 

+I7.k 

21.0 

Alpha 1 

4.1 

6.S 

+2.7 

65.9 

0.28 

0.46 

+0.18 

64.3 

9.5 

I5.k 

+ 5.9 

62.1 

Alpha 2 

7.7 

8.1 

40.4 

5.2 

■ 0.53 

0.55 

40.02 

3.7 

17.9 

18.5 

-0.6 

3.3 

Beta 

11.4 

13.7 

+2.3 

20.2 

0.77 

0.93 

+ 0.16 

20.7 

26.1 

31.3 

•*5.2 

20.0 

Oanaa 

12.7 

15.3 

+2.6 

20.5 

0.86 

1.03 

40.17 

19.7 

29.1 

34.6 

+ 5.5 

18.9 


The various fractions are expressed as per cent of the total electrophoretic pattern, as grams per 100 cc. of serum 
and as grams in the serum volume. Mean values from 11 men. 


the first day of fasting and at the end of the fifth day 
just before food was taken. 

Another group' of six men was studied during a six- 
month period of semi-starvation and at intervals during 
32 weeks of recovery. Three additional starvation sub- 
jects were studied during the first 12 weeks of recovery. 
The diet consumed during the period of semi-starvation 
was an European type of famine diet which averaged 
1,654 Calories per day and contained 59 grams of pro- 
tein; the general plan of the experiment has been pre- 
sented elsewhere (9) and a few special aspects have been 
described (10, 11). The six months of restricted diet 
resulted in a 24 per cent loss of body weight and the 
development of the typical signs and symptoms of starva- 
tion, i.e., fatigue, weakness, depression, polyuria, brady- 
cardia and edema'. During refeeding the weight of the 
men reported here was regained slowly. After six weeks 
only 15 per cent of the lost weight had been regained. 
Corresponding weight gains and time intervals were 12 
weeks, 40 per cent; 20 weeks, 104 per cent; and 32 
weeks, 107 per cent. Plasma volumes were determined 
on some of these men during both the semi-starvation 
and recovery period using the blue dye technique. The 
details have been presented elsewhere (10). 

The electrophoresis was carried out in the Tiselius 
apparatus according to the technique described by Longs- 
worth (12). A 90 mm. center section cell was employed 
to give good resolution of the pattern. Samples of sera 
were diluted with veronal buffer with an ionic strength 
and pH of 0.1 and 8.6, respectively. This mixture was 
dialyzed against the buffer in the cold (4° C.) for two 
days and then placed in the electrophoresis cell. The 
concentration of the serum protein at this time was be- 
tween 2.5 and 3 grams per 100 ml. of solution. The 
patterns were analyzed by measuring the area under each 
peak with a planim?ter after the area for each Pfak had 
been designated by the method of Tisehus and Rabat 
(13) The areas of the various components were meas- 
ured on both the ascending and descending patterns and 
these were then averaged. Serum protein concentraUons 
were determined by the micro-Kjeldahl procedure of Keys 


(14) and the concentrations of the various electrophoretic 
components were calculated assuming a constant refrac- 
tive index and nitrogen factor for all fractions, an as- 
sumption which does not lead to large errors in normal 
serum (15). 


RESULTS 

The effects of malaria 

The effect of malaria on the distribution of 
the electrophoretic components of the serum pro- 
teins of the 11 subjects is summarized in Table I. 
It will be noted that there was no essential change 
in the concentration of total protein. There was 

TABLE II 

The comparison of the degree-hours of fever above 
101° F. and the changes in terms of per cent of total 
pattern of the albumin, a„ beta and gamma fractions of 
the electrophoretic pattern 


Subject 

Number 

Degree 

Eoure 

1 Serum Pr^tai 

n 1 

Alb. 

Alpha 1 

Beta 

Gaffioa 

19 

147 

-2.4 

2.5 

0.6 

- 0.3 

18 

164 

- 13. 8 

1.8 

3.*^ 

6.9 

10 

172 

- 13.6 

3.0 

3.1 

8.2 

16 

179 

-8.0 

2.0 

2.5 

3.2 

20 

185 

-8.5 

3.0 

1.5 

1.9 

9 

193 

- 7.1 

1.1 

2.1 

2.8 

6 

196 

- 8.5 

3.3 

1.5 

2.7 

7 

197 

- 8.3 

2.7 

5.7 

6.8 

17 

198 

- 4.7 

2.9 

3.6 

-1.8 

15 

216 

-8.0 

3.7 

1.8 

2.8 

11 

2ZL 

-8.4 

4.0 

1.5 

1.9 


The subjects are arranged in order of increasing 
degree-hours. 
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Fig. 1. The Relationship Between the Albumin Expressed as 
Per Cent of Total Electrophoretic Pattern and the Sum of the 
a, AND a. Globulins Expressed in the Same Units 

Data are taken from the analysis of the sera of 11 men before and 
after a bout of malaria. 


also no change in the circulating serum volumes 
of this group which averaged 3,383 ± 287 cc. 
before innoculation with plasmodium vivax and 
3,365 cc. ± 307 cc. after the last paroxysm. There 
was a 12 per cent reduction in the relative amount 
of albumin which represents an actual decrease in 
concentration and a loss of circulating albumin. 

The relative areas of the Ui and a.^ fractions 
were averaged and plotted against that of albu- 
min. The results are presented in Figure 1. 
The product-moment correlation is 0.72, a figure 


which is regarded by Snedecor as a significant 
correlation. 

The extent of the changes in the electropho- 
retic pattern was compared with the number of 
degree-hours of fever above 101° F. The data 
are presented in Table II. The alpha globulin 
appears to be the only component which showed 
a change related to the number of degree-hours 
of fever above 101° F. The product-moment 
correlation is 0.54 between degree-hours and the 
percentage change of aj globulin. 


TABLE m 

The effect of 4 V 2 days of starvation and hard work on the electrophoretic diagrams of four men 



Total Protelna] 

Alb. 

Alpha 1 Olob. 


Beta Q-lob. 

Oascoa Q. 

■ob. 

Subject 

numoer 

Before 

After 

Before 


Before 

After 

Before 

After 

Before 

After 

Before 

After 

11 

6.99 

7.70 

63.0 

G7.8 

3.7 

3.2 

5.7 

4.4 

12.0 

10.6 

15.6 

l 4.0 

6 

7.02 

8. SI 

G 4.0 

G7.0 

3.3 

2.7 

6.2 

5.0 

11.0 

9.5 

15.5 

15.8 

IS 

6.90 

7.62 

G3.8 

6G.2 

4 .G 

3 .S 

■a 

6.4 

10.1 

9.3 

13.8 

14.3 

7 

G.GS 

7.30 

65.5 

G8,5 

3.9 

5.4 


6.6 

13.6 

12.6 

9.0 

8.9 

Mean 

G.90 

7 .SG 

GU.l 

G7.4 

3.9 

3.3 


5.6 

11.7 

10.5 

13.4 

13.2 

Change 


+0.9G 


+3.3 


-0.6 

■1 

-1.3 


-1.2 




The protein concentration is expressed as grams per 100 cc. of scrum and the relative amounts of the various clcc- 
iropnorctic fractions as per cent of the total pattern. 
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TABLE IV 


The electrophoretic analysis oj the sera of two men demonstrating the effect of 24 weeks of semi-starvation 



Subject Ho. 122 





Subject Vo. 123 




Period 

Control 

S12 

S2U 

b6 

E12 

E 32 

Control 

SI 2 

S24 

E6 

E12 

H 32 

Toul proteins 
nns./lOO cce 

6.89 

7.10 

6.88 

6.78 

7.10 

6.18 

6.99 

7 .I 8 

6.16 

6.43 

7.24 

6.60 

A/O 

1.70 

2.30 

1.70 

2.33 

1.95 

1.65 

1.76 

2.40 

i.ee 

2.00 

1.91 

1 . 5 s 

E Alb. 

«> 

62.8 

69.6 

C^ 

V.e4 

b 

70.0 

66.2 

62.2 

63.7 

70.6 

65.4 

66.7 

65.5 

61.2 

% 1 

0* 

>*.9 

3.5 

‘‘.7 

3.3 

4.2 

4.3 

4.4 

3.2 

3.2 

3.3 

3.3 

4.1 

•a Alpha 2 

4> 

8.4 

7.7 

9.7 

7.1 

8.0 

8,4 

7.6 

6.4 

7.5 

7.0 

7.2 

9.2 

^ Beta 

Vi 

11.8 

10.5 

12.9 

11.6 

13.0 

15.2 

11.2 

9.9 

13.7 

13.2 

13.1 

15.0 

o 

Oonna 

c 

ti 

o 

u 

o 

04 

12.1 

8.7 

9.7 

8.0 

8.6 

9.9 

13.1 

9.9 

10.2 

9.8 

10.9 

10.5 


The analysis is presented for the control period, after 12 and 24 weeks of semi-starvation and after six, 12 and 
32 weeks of rehabilitation. 


The effects of acute starvation 

The results of acute starvation are presented in 
Table III. There was a small but definite in- 
crease in the albumin fraction. This was accom- 
panied by a decrease in both of the alpha globu- 
lins. The total protein concentration was increased 
by 14 per cent, a consequence presumably of the 
mild acidosis which accompanied the fast. 


The effects of semi-starvation 

Complete data are available on two men during 
the period of semi-starvation and recovery. This 
is presented in Table IV. There was an increase 
in the albumin fraction after 12 weeks of semi- 
starvation when these men had lost 18 per cent 
of their original body weight. The relative 
amount of albumin dropped somewhat after 24 
weeks of semi-starvation when it was slightly 
above the value for the control period. During 
early rehabilitation it increased again slightly and 
then returned to normal by the end of 20 weeks 
when the original body weight had been recov- 
ered. There was a small decrease in the gamma 
crlobulin which was apparent at 12 weeks of semi- 
starvation and showed no further change after 
24 weeks. It should be noted, however, that the 
gamma globulin had not reached control levels 
at the end of 32 weeks of recovery. The changes 
in the globulins of intermediate mobility do not 
appear to be significant except for the elevation 
of the beta fraction above the control levels a 
the end of recovery. 


It had been planned to study six men through- 
out the course of the experiment but four samples 
of serum drawn at the end of semi-starvation 
were lost in an unfortunate refrigeration accident. 
The available data on these six men are pre- 
sented in Table V. The results are similar and 
confirmatory to those found in Table IV. 

Since the plasma volume tends ■ to increase 
during starvation (10), the calculation of the 
total circulating protein clarifies the interpreta- 
tion of the electrophoretic pattern. Plasma vol- 
umes were available for subjects 122 and 123 at 
the beginning and end of the semi-starvation pe- 

TABLE V 

Mean values from electrophoretic analyses of blood serum 


Period 

Total 

^/o 


Fmr 

r . onf . r.r Toim pAt.t.itm 


Alb. 

Olob. 

Alpha 1 

Alpho 2 

Beta 

Cassia 

Control 

6.90 

1.5U 

64.7 

>5.3 

4.4 

7.7 

10.9 

12.3 

sie 

7.15 

2.31 

69.5 

30.5 

3.3 

6.8 

10.2 

10.2 

Its 

6.58 

2.13 

67.7 

32.3 

3.5 

7.1 

11.9 

9-7 

B12 

7 . 1 '‘ 


66.6 

33.4 

3.5 

7.3 

12.2 

10.4 

B20 

6.58 

1.71 

62.8 

37.2 

4.3 

8.0 

lU.l 

10.9 

B3U 

6,U7 

1.62 

61.6 

38.4 

4.1 

8.2 

14.9 

11.2 

JO Horsuilo 

7.01 

1.72 

63.0 

37.0 

b.i 

a.o 

12.0 

12.9 

Stand. Per. 

0.35 

0.22 

2.81 


0.55 

0.56 

1.72 

2.02 


Results from the same six men are averaged for con- 
trol, after 12 weeks of semi-starvation (S12) and after 
six and 12 weeks of rehabilitation (R6 and R12). Values 
for four men are averaged for the periods R20 and R34 
(after 20 and 34 weeks of rehabilitation). For normal 
comparison, mean values and their standard deviations 
are given for 30 normal men. Values are in grams per 
100 cc. for total serum proteins and as per cent of total 
proteins represented by the several fractions. 
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table VI 

The plasma volumes (tit cubic ccnlimctcrs) and the circulating fractions of the scrum proteins (in grams) of two men 

before (C) and after 24 weeks of semi-starvation (S24) 


Subject 

Humber 

Period 

Plasma 

Vol. 

Circulating Protein Fracttona _! 

Alb. 

Olob. 

■ CT.r.i.w 

Alpha 2 

Beta 

Qaxzuna 

122 

C 

2746 

118 .9 

70.3 

9.3 

15.9 

22.4 

22.8 


S 24 

3206 

138.8 

81.8 

10.2 

a .5 

28.5 

a .5 

123 

c 

3059 

136.1 

77.7 

9.5 

16.2 

23.8 

28.1 


S 24 

3404 

137.2 

72.5 

6.8 

13.6 

28.5 

21.4 

17 Honnale 


3249 

140.7 

79.1 

9.4 

17.2 

24.9 

27.7 

Stand. Dev. 


=k 305 

*13.5 

±10.0 

±1.6 

±2.5 

±3.3 

±5.6 


For comparison the values of the same variable found in a group of 17 normals are presented along with their 
standard deviations. 


riod. The circulating protein fractions in grams 
are presented in Table VI along with data for 17 
normal young men. It will be noted that the only 
consistent changes were an increase in the beta 
globulin and a small decrease in the gamma frac- 
tion. The total circulating serum protein frac- 
tions for four men in the control period and after 
12 weeks of semi-starvation are presented in Table 
VII. A definite increase in the albumin fraction 
and a small decrease in the circulating aj^ and 
gamma globulins are shown in this table. 


Plasma volumes and electrophoretic analyses of 
sera were available on three additional men dur- 
ing the 12 weeks of recovery. These data are 
presented in Table VIII to illustrate the situation 
in early recovery. By R6 these men, who were 
in the group fed a “good” rehabilitation diet, had 
regained 20 per cent and at R12 they had recov- 
ered 53 per cent of the weight lost during semi- 
starvation. It will be noted that the decrease in 
the albumin fraction between R6 and R12 is due 
entirely to the data obtained from one man and 


TABLE VII 

The plasma volumes (in cubic centimeters) and the circulating fractions of the serum proteins (in grams) of four 
men before (C) and after 12 weeks of semi-starvation (S12) 


Period 

Subject 

Ho. 

Plaua 

Volume 

Circulating Protein Fractlone | 

Alb. 

■HI 




■■■Hi 


123 

3059 

136.1 

77.6 

9.5 

15.9 

23.9 

28.1 

C 

119 

2599 

116. 2 

59.5 

7.0 

15.6 

19.5 

17.4 


129 

3316 

i 42.6 

67.6 

9.0 

16.2 

19.9 

22.5 


26 

3201 

147.2 

83.5 

9.9 

18.2 

25.6 

29.8 


Bean* 

3044 

135.5 

72.1 

8.8 

16.5 

22.2 

24.3 


123 

2936 

i 48.5 

62.2 

6.8, 

13.5 

20.9 

21.1 

S12 

119 

2504 

118 .9 

56.8 

5.8 

15.5 

18.8 

16.8 


129 

3508 

185.2 

65.3 


17.5 

22.5 

16.1 


26 

33SI 

174.5 

86.6 


13.9 

28.7 

36.2 


sean* 

3082 

156.8 

67.7 

B9 

15.1 

22.7 

22.5 
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TABLE VIII 

The plasma volume (»« ctibie centimeters) and the exrculating fractions of the scrum proteins (in grams) of three 
men after six zueeks (R6) and 12 zveeks (R12) of recovery from semi-starvation 


Subject 
Period Ho. 

Plasma 

Volume 

Oirgvl 

. 0 ting Protein Fractlone J 

Alb. 

Olob, 

Alpha 1 

j^pha 2 , 

Seta 

Qomma 

R6 104 

2972 

126.6 

64.8 

6.2 

18.4 

23.2 

17.0 

109 

4182 

173.9 

9S.3 

10.0 

21. 3 

33.9 

33.0 

112 

2695 

121.8 

77.1 

7.0 

18. 3 

26.9 

24.8 

mean 

3283 

IU0.7 

80.1 

7.8 

19.3 

28.0 

24.9 

E 12 104 

2700 

121.0 

79.9 

9.2 

25.1 

25.7 

19.7 

109 

3442 

148.0 

84.0 

S .3 

15.8 

31.7 

28.2 

112 

2907 

123.0 

86.3 

7.3 

21.2 

32.0 

25.9 

moan 

3016 

131.0 

S 3 .3 

8.3 

20.7 

29.8 

24.6 


For extent of recovery from the starved state see text. 


that no change occurred in the total circulating 
gamma globulin. 

DISCUSSION 

The effects of malaria on the electrophoretic 
pattern confirm the negative correlation between 
the relative concentration of albumin and that of 
the alpha globulins reported by Chow (3). Ma- 
laria can no longer be regarded as an exception to 
the rule that acute infectious disease is accom- 
panied by an increase in the alpha globulins. 

It may be noted that when the total amounts 
of the various fractions in the circulation are cal- 
culated from the plasma volumes, albumin appears 
to be lost from the circulation and that there are 
definite additions to some of the globulin frac- 
tions The effect of malaria on the electrophoretic 
pattern appears to differ from some other diseases 
such as scarlet fever (16) and rheumatic fever 
(”16) in that no increase in the a„ globulin accom- 
panied the a. rise. Dole (17) has shown that 
attacks of relapsing malaria do not pro^ce the 
increase in a. globulin reported here. The ab- 
sence of this response in the malaria patient who 
has had several bouts with the disease might 
appear to be an “Captation to -re^rring stress^ 

Guttman cl cl. (18) studied the effects of ma- 
larial fever in syphilitic patients. These mvestj- 
gators used a phosphate buffer at pH j"'"* 
does not separate u. globulin from the albun^m 
fraction and this fact presumably accounts for 


their failure to find any changes in the alpha 
globulins. 

The decrease in albumin and the increase in 
alpha globulins which have been observed in many 
acute infectious diseases are not explicable as a 
result of a simple negative nitrogen balance such 
as is produced by a caloric deficit. The changes 
noted during malaria here are similar to those 
seen in pneumonia (19), scarlet fever (16), rheu- 
matic fever (16), and tonsillitis (20). In con- 
trast, no such changes were seen in acute starva- 
tion in spite of the fact that the subjects in the 
latter experiments lost roughly 50 grams of nitro- 
gen each. This protein loss is comparable to 
that reported for some acute infectious diseases, 
including pneumonia and malaria (21, 22). 

We have noted that, in our studies on malaria, 
there was little or no relation between the changes 
in albumin concentration and the number of hours 
of fever above 101° F. This is in contrast to 
reports, based on salting out with sodium sulfate, 
that the depression of the albumin concentration 
is related to the intensity of the malarial fever in 
both men (23) and monkeys (24). The differ- 
ence may be related to the severity and duration 
of the disease; the malaria here was relatively 
mild and of short duration. However, our data 
indicate that the change in a, globulin is a more 
sensitive index to the severity of the disease than 
is the change in albumin content. 

The results of the Minnesota semi-starvation 
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experiment clearly demonstrate that protein de- 
pletion due to simple caloric undernutrition does 
not explain the decreased relative albumin and 
increased alpha globulins shown in the electro- 
phoretic patterns of sera from patients suffering 
from chronic debilitating diseases such as tuber- 
culosis (25), ulcer (3), cancer (25) and rheuma- 
toid arthritis (26). There can be no question 
that the subjects of the Minnesota starvation ex- 
periment were badl}' depleted of tissue protein. 
Corrections of the body weight loss (to be dis- 
cussed elsewhere [27] ) for changes in fat by the 
specific gravity method, for changes in extracellu- 
lar water by the NASCN method and for changes 
in bone salt by X-ray density techniques indicate 
that the body weight loss underestimated the loss 
of active tissue, i.e., more than 24 per cent of the 
original protein-containing tissues of the body 
were lost by these men. 

It is apparent, then, that the alterations in the 
electrophoretic pattern of the serum proteins in 
the acute and chronic diseases mentioned above 
are not the results of protein depletion produced 
simply by a negative caloric balance. The ques- 
tion may be raised as to whether the “toxic de- 
struction” of body protein can account for the 
picture in these diseases. The so-called catabolic 
phase (28) is defined empirically as a negative 
nitrogen balance which will not respond to an 
additional intake of calories or protein. 

At the present time, the evidence is insufficient 
to decide whether the catabolic phase of protein 
metabolism is causally related to the characteristic 
alterations in the patterns seen in various dis- 
eases. Several facts suggest that the pattern 
changes are independent of this type of nitrogen 
loss. The negative nitrogen balance in tubercu- 
losis, a disease which produces the alterations in 
pattern described above, is easily corrected by an 
increased intake of calories and protein (29). 
In addition, Peters (28) has presented evidence 
that the serum albumins, determined by the so- 
dium sulfate technique, may increase in infectious 
diseases in spite of a markedly negative nitrogen 
balance. Finally, the same author states that 
after surgery the albumin concentration may de- 
crease before the negative nitrogen balance be- 
comes apparent. 

The possibility cannot be ignored that the rela- 
tively decreased albumin and increased alpha 


globulins observed in many diseases is a response 
to a certain type of injury and is independent of 
nitrogen loss over a wide range. It should be 
clearly understood that we are not denying that 
extreme protein depletion, i.e., protein depletion 
resulting in more than 24 per cent weight loss, 
may result in decreased relative albumin concen- 
tration which may or may not be accompanied 
by a relative increase in the alpha globulin. 

It is frequently stated that protein depletion 
results in a lowered resistance to infection (30). 
It is of interest, therefore, that the protein deple- 
tion produced in the Minnesota experiment re- 
sulted in only minimal reduction of circulating 
gamma globulins. While there is much evidence 
to indicate that the majority of circulating anti- 
bodies are found in the gamma globulin fraction 
(31), it has not been shown that gamma globulin 
is made up entirely of antibodies. Therefore, the 
small losses observed in semi-starvation in man do 
not necessarily represent depletion of circulating 
antibodies. 

SUMMARY AND CONCLUSIONS 

1. The sera of 12 normal young men were 
examined by the moving boundary method of 
electrophoresis before and after a bout of induced 
malaria. The malarial fever was allowed to run 
through five to eight paroxysms and an average 
of 193 hours over 101° F. 

2. Changes in a given electrophoretic fraction 
after malaria were of the same order of magnitude 
regardless of whether they were expressed as per 
cent of total pattern, grams per 100 cc. of solution 
or as total circulating proteins. The albumin 
fraction decreased 14.5 per cent while the a,, beta 
and gamma globulins increased 62, 20 and 19 per 
cent, respectively. 

3. The extent of the change in the globulin 
fraction after malaria more closely paralleled the 
number of degree-hours of fever over 101° F. 
than did the changes in any other fraction Of the 
serum proteins. 

4. Four men undenvent acute starvation with 
hard work for five days which resulted in a 9 per 
cent loss of body w'eight. Electrophoretic analy- 
sis of the sera of these men before and after acute 
starvation demonstrated no important change 
other than a general increase in concentration due 
to a mild dehydration. 
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5. Nine subjects took part in a semi-starvation 
experiment which produced a 24 per cent loss of 
weight in the course of six months and the classi- 
cal symptoms of famine, le., weakness, fatigue, 
depression, bradycardia, polyuria and edema. The 
sera of two of these men were examined in the 
electrophoresis apparatus six times before and 
throughout both semi-starvation and recovery. 
The sera of the other seven men were examined 
at less frequent intervals. It was possible to 
calculate circulating plasma protein fractions for 
a number of these men. 

6. The serum albumin fraction showed definite 
increases above normal after 12 weeks of semi- 
starvation and a loss of 18 per cent of the body 
weight. This was not accompanied by significant 
increases in other fractions. After 24 weeks of 
semi-starvation the albumin fraction had returned 
to normal. The albumin fraction was not de- 
pressed below normal at any time during the 
experiment, 

7 . Changes in the globulin fractions were mini- 
mal except for a definite increase in the beta frac- 
tion" at'; the end of recovery when the men were 
a little overweight. 

8. It is concluded that there are no changes in 
the electrophoretic diagram which are specifically 
characteristic of caloric undernutrition whether 
produced by complete starvation or semi-starva- 
tion. 

9. At the present time, there is no valid evi- 
dence which relates the characteristic decrease in 
albumin and increase in the alpha globulins which 
are observed in many acute and chronic diseases 
to the protein deficiency of caloric undernutrition 
which may accompany these diseases. 
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It has been stated that normal human cere- 
brospinal fluid (CSF) does not contain comple- 
ment (1, 2). Complement (C') has been noted, 
however, in CSF from occasional cases of menin- 
gitis and its presence has even been used as an 
indication of the permeability of the meningo- 
vascular barrier (Weil & Kafka, in Katzenelbogen 
[ 1 ] ) . It has also been claimed that the absence 
of C' activity in normal CSF was due to lack of 
midpiece (3). 

Since these observations were made, more sen- 
sitive methods for the estimation of C have be- 
come available. These are based upon the spectro- 
photometric measurement (4) of the 50 per cent 
hemolytic unit (C'hso) in the presence of adequate 
amounts of Ca-""- and Mg-"+ (5, 6). Improve- 
ments have also been made in the tests for the 
four recognized components of C' (7). The 
question of the presence or absence of C' in spinal 
fluid -was therefore reexamined with the help of 
these methods. 

Because rather large quantities of CSF were required, 
samples collected prior to the taking of pneumo-encephalo- 
grams were used.^ Cases showing infections of the cen- 
tral nervous system were excluded ; otherwise, few of the 
samples could be considered entirely normal CSF. The 
fluids are listed in the table in order of increasing total 
protein content, with the hospital discharge diagnoses of 
the patients. All samples were examined for red blood 
cells, and when unusual numbers of these were found the 
fluid’s were excluded, since any C' found might have been 
due to adventitious admixture with blood. 

About one-third of the fluids showed C' activity when 
tested directly by addition of 4 or 5 ml. to 1.5 ml. of a 
suspension of sensitized sheep red cells and sufficient 
buffer to give a total volume of 7.5 ml, as described by 

1 The work reported in this communication was carried 
out in part under the Harkness Research Fund of the 
Presbyterian Hospital and in part under a grant from 
the Rockefeller Foundation. 

^ The authors wish to thank Dr. Elvin A. Kabat, 
Neurological Institute, New York City, and Dr. Hattie 
E. Alexander, Babies’ Hospital, New York City, for 
the fluids. 


Mayer et al. (4-6). Samples showing less than 3 per 
cent lysis are listed as non-lytic since the optical densi- 
ties in the spectrophotometer were roughly only double 
those of the blanks. 

At this low level, however, the test for C is extremely 
insensitive as the von Krogh equation relating the quan- 
tity of C' to hemolysis (4, 5) indicates that 0.5 of a 50 
per cent hemolytic unit is required to give 3 per cent 
hemolysis. An indirect method of estimation of C' ac- 
tivity was therefore considered more appropriate, and the 
samples were also tested by addition of preferablj' several 
different volumes to an accurately estimated portion of 
diluted human serum C' approximating a 50 per cent 
hemolytic unit, 1.5 ml. of a suspension of sensitized red 
cells and sufficient buffer as above. 

The quantity of human C' to be used may be deter- 
mined as follows : A 1:50, 1 : 75, or 1 : 100 dilution of 
human serum, depending upon its C' activity, is made 
up in the saline-veronal buffer containing 0.0005'il/ MgCk 
and 0.00015 M CaCls as described by Mayer et al, (5). 
With the aid of calibrated pipettes, accurately measured 
1.5, 2.0, and 2.5 ml. portions of the diluted serum are 
mi.xed into 50 ml. centrifuge tubes containing 1.5 ml. 
(5 X 10’) sensitized sheep erythrocytes and the above 
buffer, to make a final volume of 7.5 ml. The tubes are 
capped and, after incubation in a water bath at 37° C. 
for 45 min,, with occasional shaking, are centrifuged for 
10 min. at 2000 r.p.m. The supernatants are decanted 
with care and the degree of hemolysis is estimated spec- 
trophotometrically and the C'nso calculated (4). The 
optimal amount of human C' to which to add the CSF 
is in the range 0.8 to 0.9 C'nw, and in this range an 
increase of 0.03 C'hco should be significant. The human 
C', if sterile, may best be preserved in small sealed glass 
ampoules in a CO; box. Once it has been standardized, 
a fresh ampoule may be opened for each set of CSF, 
but blanks, in duplicate, containing the predetermined 
volume of C' dilution and the hemolytic system should 
always be run along with the tubes containing C and 
CSF. 

In all but two CSF samples tested with a fraction of 
a C'n» of human C', an increase in hemolysis was noted 
over that of the C' itself. The results of these experi- 
ments are given in Table I as the difference in 50 per 
cent hemolytic units (C'hm) above that of the control 
human C' dilution alone. These values are not all di- 
rectly comparable, since only nine samples were tested at 
different volumes and six with more than one fraction of 
a C’liw. For example, CSF 21 was tested by addition 
of 1.0, 2.0, and 4.0 ml. to 0.8 C'ii» of human C' and 
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TABLE I 


Complement, and its components in spinal fluids from patients with various conditions 


Labora- 

tory 

number 

of 

cerebro- 

spinal 

fluid 

Diagnosis 


Evidence of 
complement content 

Tests for components of C' 

Lysis 
by 
i ml. 

Increase in 50% 
hemolytic units by 

4 ml. serum C' 
over lysis by 
serum C' control 

C'l 

C'2 

1 

1 

C'3 

1 

B 



mg. 









per 





i 




100 

per 








ml. 

cent 




1 



Post-traumatic 

7 

0 

0 

dr 

' + 




encephalopathy 





1 




Low I.Q. 

19 

0 

0.06 





12 

Suspected brain 

22 

0 

0.10 

++++.++++ 

+ ,± 

+-f+± 



tumor 








6 

None 

23 

Ot 

0.14t 





1 

None 

24 


0.02t 





13 

Idiopathic epilepsy 

28 

1 

0 

0.27, 0.13t 


1 



• 7 

Diffuse cortical 

29 

3t 

0.07t , 

+++ 




IS 

atrophy 1 

Encephalopathy due 

1 

(30) 

3 

0.12 

++± 

+, 4- 

-F-f-P±, 

±, -f -F± 


to trauma 








18 

Mild cerebral 

(32) 

0 

0.08, 0.09 






atrophy 








5 

Post-concussion 

33 

5t 

0.24t 





8 

Suspected cerebellar 

35 

0 

0(?) 

++++. ++± 

+» *f 

-1- + + 

4* ^ 


tumor 




1 




26 

Cerebral atrophy and 

(36) 

0 

0.06 


1 




arteriosclerosis 








19 

Glioma 

(38) 

0 

0.22 





28 

None 

40 

0 

0.11 

-F+± 


-frir 

+++± 

2 

None 

41 

69t 

o.sot 

++ + + 

+,± 



16 

None 

41 

0 

0.07 ■ 

+++ 

±,+ 

+ + ± 

-p-f-i 

22 

Cerebral atrophy 

46 

0,0 

1 0.10, 0.19§ 


±, + 

-f -f-f ± 

-f + ± 

14 

Arteriosclerotic 

(50) 

5,2 

0.46, 0.1311 


1 




encephalopathy 








20 

Suspected brain 

(60) 

0 

0.39 

+ -!■ + + 


-t-f-FH- 

+ + 


tumor, diffuse 









cortical atrophy 








11 

Glioblastoma 

84 

0 

0.16** 





21 

Glioblastoma 

92 

0,C 

) 0.55tt 

+ + 

++ 

-f + + + 


29 

Brain tumor, type 

100 

22TF 

0.53tt 






undetd. 






1 



f Analyses by the laboratories of the Neurological Institute and the Babies’ Hospital. Values in parentheses were 
earned out on another sample taken within one week. 

. T S-O" ml. CSF used. 1.0 ml. of CSF 5 increased the activity of human C' by 0.1 C'hso; 1.0 ml. of CSF 6 gave an 
increase of 0.03 C'hso: 1.0 ml. of CSF 7 gave no measurable increase. The value of 0.02 C'hso for CSF 1 is considered 
®'Snifirant only in connection with the positive direct test. 

+ The second value was obtained after storage in the CO2 box for 5.5 months in a rubber-capped bottle. The 
sample absorbed much COj and the acidity was neutralized with 0.1 N and N NaOH before the tests were run. Identical 
values were obtained with 2.5 and with 4.0 ml. of the sample, indicating an anticomplementary effect for the larger 
amount. This occurred whether the additions were made to 0.6 or to 1.2 C'hbd of human C'. 

§ After 4.5 months in the dry ice box. 
ii -After five months in the dry ice box. 

u 3^ ml. gave only 10% hemolysis, but this corresponds to 0.62 C'hso, a value proportional to that for 4.0 ml., 0.78. 
Hence the^mple had no anticomplementary effect in the larger amount. 

Although negative in its original state, a portion, dialyzed under negative pressure in the cold to one-fourth its 
volume in a period of five days, showed 7% lysis on the direct test with 4.0 ml. and 0.31 increase in C'hso with 2.0 ml. 

.'"direct test, equivalent to 2% and 0.16 C'hso on the original volume, with no allowance for deterioration. The 
initial indirect test showed 0.03 C'hso. 

, it'' ith 0.84 C'hso of human C', 1.0 ml. CSF 21 gave an increase of 0.15 C'hso, 2.0 ml. an increase of 0.30. In an- 
olher ci^riment with 1.27 C'hso, 3,5 ml, gave an increase of only 0.20, 

+I Obtained with_3_.0 ml. An increase of 0.33 C'hso was given by 2.0 ml. This sample, also, was not anticomple- 
0 Cjuantities used. In this instance, also, there was little difference whether the test was carried out with 

thoT'u'^" S "PP"*"'® preferable, however, to add the CSF to somewhat less than 1 C'hso of human C', since 

ytic curve flattens out greatly above 1.3 units and the uncertainties of analysis are therefore greater. 
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showed a greater increase in lysis per milliliter of CSF 
the smaller the amount of CSF used. A 1.0 ml. por- 
tion of CSF 5 also showed a relatively greater increase 
in lysis than the 4.0 ml. sample, but this was not true of 
CSF 6. Similarly, CSF 13 caused a relatively greater 
increase at the 2.5 ml. level than at 4.0 ml., hut CSF 
14, 18, and 22 did not. It is therefore probable that the 
results given for some of the other CSF samples do not 
represent maximal values but reflect instead a balance 
between the activity of C' and the anticomplcmcntary 
properties of the individual CSF. 

Qualitative tests of C' components were also made in 
many instances, with reagents for C'l and C'4 prepared 
from guinea pig serum according to Bier ct al. (7). 
Tests for C'3 were made with a reagent obtained by 
incubation of 1.0 ml. of guinea pig scrum with 0.4 ml. 
of a 1 : 1000 dilution of “Liquoid” in 0.85 per cent saline 
for 15 min. at 37° C. and dilution of the resulting mix- 
ture with saline to ten times the original scrum volume.® 
C'2 was tested for indirectly by noting any increased 
lysis of sensitized sheep red cells over that caused by a 
fraction of a unit of human C' in the presence of heat- 
inactivated guinea pig C to provide adequate amounts 
of C'3 (c/. 7). The results are reported in the table 
as the highest degree of lysis from 0 to -1—1-++ 
above that of the reagent controls. In tests for 
C'l, C'3, and C'4 the reagent controls showed no lysis 
but in two series of tests for C'2 the human C' 
plus inactivated guinea pig C' controls gave ++ and 
-l 7 ++ hemolysis, respectively. In the table, therefore, 
-1- for C'2 represents an increase in lysis to +++ or 
++++, respectively. 

The tests for components indicated that all were 
present in varying amounts in human CSF with- 
out any obvious correlation between the strength 
of the test for a component and total protein con- 
tent of the CSF. It is difficult to account for the 
failure of CSF 8, 12, 16, and 21 to show lysis in 
the direct test when all four components of C' 
could be shown to be present and when CSF 21, 
especially, gave such high values at different 
levels in the indirect test. Possibly, even though 
C'2, the limiting component of human comple- 
ment (7), was present in these samples its amount 
may have been insufficient either to equal a meas- 
urable fraction of a C'hso in 4 ml., the largest 
quantity used in the direct test, or to overcome 
the anticomplementary properties characteristic of 
this larger quantity and not present in 1 or 2 ml. 
Moreover, the tests for the components were car- 
ried out in a volume of 0.8 ml., so that the con- 

s Unpublished communication from Professor Graciela 
Leyton, Santiago, Chile. 


ditions of thc.se tc.sts were very different from 
those for total hemolytic activity. 

A .surprising feature of the component tests 
was the weakness of many of those for C'4, a 
component usually present in very high titer in 
the C' of Iniman scrum' (7). No attempt tras 
made to titrate the level of C'4. 

In some of tlic cases of thi.s scries, such as those 
with post-traumatic cnccphalopathic.s or v;ith brain 
tumors with CSF in the high total protein range, 
the presence of C' might be accounted for by 
alterations in tire permeability of the meningo- 
vascular barrier. There arc, nevertheless, other 
CSF samples .showing C' activity in which the 
total protein was within the normal range and the 
diagnosis indicated no disturbance which would 
be expected to alter the permeability of the barrier. 

The principal outcome of the present studies, 
therefore, has been to demonstrate the presence 
of C' or its components in almost all of a series 
of 22 CSF samples, without obvious relation to 
the diagnoses of the cases from which the sam- 
ples were taken or to the protein content of the 
fluids. Owing to the limitations of the tests 
themselves and the difficulties of their interpreta- 
tion it would require study of a very large series 
of CSF samples before satisfactory answers could 
be given to questions relating the presence or 
absence of C’ or its components in CSF to the 
phy'siology or pathology of the meningo-vascular 
barrier, or to the diagnosis of any particular dis- 
ease. It is hoped that the positive findings, on 
the other hand, will serve to encourage a more 
detailed and lengthy study. 

SUMMARY 

1 . About one-third of the samples of CSF taken 
prior to pneumo-encephalography show’ed hemo- 
lytic C' activity when tested directl)'^ with sensi- 
tized sheep red cells. 

2. All but two of 22 samples tested increased 
lysis by a fractional unit of serum C'. 

3. Qualitative tests for the four components o 

C indicated their presence in those samples m 
which tests were made for all. _ 

4. C' activity has been demonstrated in CSr 
containing protein in normal concentration an 
in CSF from patients with clinical diagnoses 
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compatible with a normal permeability of the 
meningo-vascular barrier. 
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Macrocytic anemia is found in many persons 
with chronic hepatic disease. The incidence re- 
corded by different observers had varied from 
18% to 89%. Observations reported by Win- 
trobe (1) set the incidence of macrocytosis at 
40.9% in 44 persons with cirrhosis and 62.5% in 
eight persons with cirrhosis and malignant dis- 
ease of the liver. However, the pathogenesis of 
the anemia has not been clearly defined. In 1933 
Wintrobe and Shumacker (2) and in 1936 Win- 
trobe (1) suggested that the anemia was due to 
the inability of a chronically and extensively dis- 
eased liver to store the antipernicious anemia 
factor. This opinion was supported by Gold- 
hamer, Isaacs and Sturgis (3) who found that 
the antianemic substance was either reduced or 
absent in the livers of persons with hepatic cirrho- 
sis and macrocytic anemia. However, in 1938 
Schiff, Rich, and Simon (4) recovered an anti- 
pernicious anemia substance from the livers of 
cirrhotics with macrocytic anemia; they inferred 
that the defect was one of utilization rather than 
storage of this factor. 

Poor hematologic response to liver extract has 
been the rule (1, 5), although an occasional pa- 
tient with portal cirrhosis will respond as dra- 
matically as a person with pernicious anemia in 
relapse (2) ; some cases are said to have re- 
sponded to folic acid (6). In spite of these 
inconsistencies, the prevailing hypothesis still 
classes the macrocytic anemia of chronic liver 
disease with the erythrocyte maturation factor 
deficiency anemias. This is true even though 
the only report on bone marrow morphology 

1 Presented in part before the American Society for 
Clinical Investigation, Atlantic City, N. J., May 3, 1948. 

2 This work has been supported by grants from the 
Robert Gould Research Foundation, Merck and Company, 
Inc., and the United States Public Health Service (RG 
991). Lederle and Company supplied the Folic Acid. 


failed to demonstrate megaloblastic maturation 
arrest (7). The data presented in this paper 
stress the normoblastic rather than megaloblastic 
type of bone marrow morphology found in the 
majority of patients with cirrhosis and macro- 
cytic anemia. Thus any type of erythrocyte matu- 
ration factor defect becomes an unlikely etiologic 
possibility in these patients.J Observations are 
also presented which correlate bone marrow plas- 
macytosis with hyperglobulinemia in persons with 
cirrhosis and suggest a causal relationship. 

MATERIAL AND METHODS 

The subjects chosen for study were 30 consecutive 
patients with a primary diagnosis of portal cirrhosis 
uncomplicated by recent hemorrhage. The diagnosis was 
made by history, physical examination, and by laboratory 
tests of liver function. Each of these tests was done 
at least two times on each patient and included the 
bromsulfalein retention, thymol turbidity, thymol floc- 
culation,3 cephalin-cholesterol flocculation,^ quantitative 
serum bilirubin,® alkaline phosphatase,® and prothrombin 
time. The amount of urobilinogen in the stool ® was 
determined in 11 cases. The serum albumin/globulin 
ratios were determined using a modified biuret method 
(8) and the Coleman Junior spectrophotometer. In 23 
patients liver biopsies were done and the diagnosis was 
confirmed histologically. 

The hematologic characteristics of each subject’s per- 
ipheral blood were determined on two or more occa- 
sions. Reticulocyte counts were performed daily and 
erythrocyte and hemoglobin determinations were made 
every second day while the therapeutic effects of various 
agents were being investigated. Red and white blood 
cell counts were performed with pipettes and counting 
chambers certified by the U. S. Bureau of Standards. 
Hematocrit determinations were made on oxalated venous 
blood (4 mgm. of potassium oxalate and 6 mgm, am- 
monium oxalate per 5 cc. blood), centrifuged for 30 
minutes in a Wintrobe tube at 3,000 r.p.m. Hemoglobin 

® These tests were performed by the Gastric Labora- 
tory of the Cincinnati General Hospital and the authors 
wish to acknowledge the cooperation of Dr. Leon Schiff, 
director of the Gastric Laboratory. 
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was determined as oxyhemoglobin with the Coleman 
Junior spectrophotometer. Reticulocyte and platelet counts 
were made by the wet technique using Dameshek’s method 
(9). The cytology of the bone marrow obtained by 
sternal aspiration was studied one or more times. Cover 
slip preparations for cytologic study of capillary blood 
and sternal marrow were stained by Wright-Giemsa 
stains. 

The differential counts of the sternal marrow were 
done independently by each of the authors. Agreement 
was excellent in each instance, and the average of the 
two counts was taken as the representative value. In 
each case 500 non-erydhroid nucleated cells were counted. 
The erythroid nucleated cells were expressed as numbers 
per 100 non-erythroid nucleated cells. 

During the period of hospitalization each of the patients 
was placed on a "hepatic regime.” This included a high 
protein, high carbohydrate, high vitamin diet supple- 
mented with crystalline B-complex vitamins, protein hy- 
drolysates, ferrous sulfate, and such lipotropic substances 
as choline and methionine. Several patients were given 
crude liver extract (“Intraheptol”) intravenously. In 
addition each patient was given crude or refined liver 
extract intramuscularly or folic acid orally. The crude 


liver extract was given in 5 cc. doses three times weekly 
and the refined liver in doses of 50 U.S.P. units three 
times each week. The folic acid was given in single oral 
doses of 100 mgm. daily. Patient No. 3 was kept on a 
vitamin B-poor diet and after ten days of observatiot. 
with only an insignificant fall in erythrocytes was given 
one-half lb. of ground beef daily for three weeks. There- 
after this patient was treated in the manner described 
above. 

RESULTS OF PERIPHERAL BLOOD STUDIES 

Of the 30 persons studied, 24 were anemic, i.e., 
they had less than 4,000,000 erythrocytes per 
cubic millimeter. Twenty of these had a macro- 
cytic anemia (MCV of 96 cubic microns or 
above) and four had a normocytic anemia. The 
cells usually were normochromic. The remaining 
six patients were not anemic. Stained smears of 
the peripheral blood revealed moderate macro- 
cytosis with minimal anisocytosis, poikilocytosis 
and polychromatophilia. Hypersegmented poly- 


TABLE I 


Initial examination of peripheral blood, on 30 patients with portal cirrhosis 


Case 

Patient 

X 

o 

w 

u 

RBC 

(millions) 

. 

■ js S 

i 

si 

c< u j 

etjo 1 

Platelets 

Hematocrit 

MCV 

if 

MCHC 

<%) 

WBC 

tn 

=■5 

o 

Bti 

tJC3 

u 

W C 

Lymphocytes 2 

irentia! 

3 

8 

e 

o 

S 

WBC 

CO 

c. 

o 

.5 

W 

R 

JJ 

B, 

o 

rt 

C3 

1 

M. \V. 

F 

36 

1.71 

6.6 

' 7.7 

212,040 1 

19 

111 

38 

34 

10,450 

76 

15 

9 

0 

0 

2 

0. o. 

F 

57 

1.75 

5.5 

5.4 

101,540 

19 

108 

31 

29 

11,500 

80 

7 

8 

5 

0 

3 

C. R. G. 

F 

29 

1.82 

8.3 

6.0 

650,000 

25 

137 

45 

32 

11,400 

73 

15 

9 

2 

1 

4 

R. P. 

F 

60 

2.39 

7.6 

6.0 

172,080 

23 

96 

32 1 

33 

7,200 

56 

26 

12 

6 

0 

5 

F. R. 

F 

34 

2.82 

10.2 

3.4 

327,100 

33 

113 

1 35 

31 

4,400 

80 

12 

4 

2 

2 

6 

G. K. 

M 

47 

2.84 

10.5 

4.8 

224,360 

31 

109 

i 37 ‘ 

34 

6,700 

67 

22 


0 

1 

1 

I M. H. 

1 f 

43 

! 2.87 

8.6 

! 3.8 

201,480 

25 

1 90 

30 

34 

7,200 

70 

15 


6 

I 

8 

E. M. 

1 M 

46 

2.95 

10.8 

5.1 

119,720 

31 
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36 i 

35 

9,350 

87 
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1 

0 

9 

D. T. 

F 

17 

2.95 

8.0 

6.1 

259,600 

25 

1 84 

27 

32 

11,280 

90 
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2 

1 

10 

C. N. 

M 

64 

3.01 

11.8 

5.1 

273,910 

35 
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39 

34 

4,200 

68 

24 


2 i 

0 

n 

W. J. 

F 

40 

3.04 

10.8 

3.8 
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34 
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35 

32 

5,750 1 

73 1 

18 



1 

\2 

F. H. 

M 

65 

3.10 

9.8 

2,7 

285,200 

30 

96 

31 

33 

5,250 

67 

29 



0 

13 I 

C. K. 

M 

55 

3.10 

9.8 

4.5 

328,600 

32 

103 

32 

31 

9,100 

86 

6 

8 1 


0 

14 

T. R. 

M 

43 

3.30 

12.0 

1.7 

233,220 

37 

109 

36 

32 

8,550 

78 

10 

12 1 

0 

0 

IS 

R. T. 

M. 

37 

3.40 

11.3 

1.6 

373,680 

39 

112 

33 

29 

6,450 

87 

8 



0 

iv> 

E. N. 

M 

33 

3.56 

11.3 

7.5 

512,640 

35 

98 

32 

32 

8,650 

72 

23 



1 

1 / 

H. R. 

M i 

58 

3.59 

14.0 

4.6 

247,710 

41 

114 

39 

34 

19,000 

93 

4 



0 

lo 

E. M. 

M 1 

40 

3.63 

13.1 

1.4 

268,620 

37 

101 

36 

35 

5,600 

64 

26 

8 

1 

1 


F. A. 

F 

68 

3.67 

12.6 

S.l 

242,000 

39 

108 

34 

32 

11,200 

76 

17 

4 

0 

3 


E. P. 

F 

51 

3.77 

14.0 

4.6 

418,470 

40 

106 

37 

35 

7,450 

64 

23 

12 


1 


L. D. 

M 

46 

3.81 

11.3 

6.7 

262,890 

34 

89 

30 

i 33 

4,500 

i 76 

13 

11 


0 


A. 5. 

M 

31 

3.81 

12.6 

3.3 

251,460 

39 

102 

33 

32 

4,250 

56 

27 

12 

4 

1 


L. B. 

M 

57 

3.88 

12.6 

2.5 

492,760 

39 

100 

32 

32 

6,100 

54 

34 

8 

3 

1 


J. F. 

M 

59 

3.90 

11.3 

1.4 

245,552 

36 

90 

29 

31 

3,700 

56 

27 

15 

1 

1 


A. M. 

F 

32 

4.02 

13.3 

4.5 

249,240 

40 

99 

33 

33 

9,200 

79 

11 

4 

2 

4 

27 

L. R. K. 

M 

50 

4.07 

12.5! 

13.5 

390,372 

38 

93 

31 

33 

5,450 

66 

19 

11 

7 

2 

28 

r . 

M 

70 

4.07 

13.3 

2.7 

305,250 

40 

98 

33 

33 

5,200 

58 

32 


b 

0 

•>0 

Iv. 

M 


4.17 

13.7 

2.5 

362,790 

43 

103 

33 

32 

5,150 

62 

30 

6 

1 

1 

30 

n. o. 

M 


4.17 

14.0 

2.7 1 

487,890 

41 

98 

34 

34 

6,000 

66 

28 

5 

I 

0 


\V. K. 

IH 

Hi 

5.33 

15.3 

2.0 

373,100 

48 

90 

29 

32 

10,900 

68 

24 

6 

1 

I 
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TABLE II 

Differenlial bone marrow cell counts in 30 subjects with.portal cirrhosis 


Case 

Patient 

Polymorphonuclear"'" ' 
leucocytes (%) 

Metamyelocytes (%) 

Myelocytes "C” (%) 

Myelocytes "B” (%) 

Myelocytes “A” (%) 

Myeloblasts (%) 

i 

(O 

o 

>v 

u 

O 

■s. 

.4 

Monocytes (%) 

Eosinophiles (%) 

Eosinophilic 
myelocytes (%) 

Basophiles (%) 

Plasmacytes (%) 

Other cells (%) 

Megaloblasts 
per too WBC 

Early erythroblasts 
per 100 WBC 

Late erythroblasts 
per 100 WBC 

Normoblasts 
per 100 WBC 

Number of nucleated 
RBC per 100 WBC 

1 

M . W . 

40.0 

14.0 

6.5 

3.5 

1.0 

0 

15.0 

0 

0.5 

0.5 

0 

19.0 

0 

0.5 

1.5 

7.0 

41.0 

50.0 

2 

C . G . 

31.5 

11.5 

9.0 

3.5 

3.5 

0.5 

10.5 

0.5 

8.0 

3.0 

1.0 

16.0 

1.5 

0 

1.0 

7.0 

76.5 

84.5 


C . R . G . 

38.5 

30.0 

10.5 

2.5 

1.5 

0.5 

9.5 

0.5 

3.5 

0.5 

0 

2.0 

0.5 

1.0 

3.5 

12.0 

30.0 

46.5 

4 

R . P . 

40.5 

14.5 

12.0 

5.0 

2.0 

0 

10.0 

0.5 

2.5 

0.5 

0.5 

7.5 

4.5 

0 

0.5 

2.0 

21.0 

23.5 

5 

F . R . 

45.0 

12.0 

9.0 

7.0 

1.5 

0.5 

10.5 

0 

3.5 

0.5 

0 

7.0 

3.5 

2.0 

3.0 

8.0 

36.0 

49.0 

6 

G . K . 

41.5 

13.0 

10.5 

5.5 

0.5 

0.5 

9.5 

1.5 

3.0 

0.5 

0 

9.5 

4.5 

0 

1.5 

3.5 

54.0 

59.0 

7 

M . H . 

38.5 

21.5 

10.5 

3.0 

2.5 

0 

5.0 

0.5 

0.5 

2.0 

0 

14.0 

2.0 

0 

1.0 

4.0 

40.0 

45.0 

8 

E . M . 

25.0 

14.0 

7.5 

4.5 

5.5 

2.5 

13.0 

1.5 

3.0 

0.5 

0.5 

13.0 

9.5 

0 

2.0 

8.5 

118.0 

128.5 

9 

D . T . 

43.0 

16.0 

8.0 

8.0 

1.0 

0.5 

12.0 

0.5 

1.0 

1.0 

1.0 

7.0 

1.0 

0 

5.0 

15.0 

75.0 

95.0 

10 

C . N . 

39.5 

16.0 

6.5 

4.5 

1.5 

0 

11.5 

0 

3.5 

1.0 

0 

10.0 

6.0 

0 

1.5 

11.0 

76.0 

88.5 

11 

W . J . 

28.5 

30.0 

6.5 

2.5 

1.0 

1.5 

7.5 

1.0 

0.5 

3.5 

1.0 

13.5 

3.0 

0 

1.5 

6.5 

34.5 

42.5 

12 

F . H . 

32.5 

21.5‘ 

7.5 

1.5 

2.5 

1.5 

12.5 

0 

7.0 

3.5 

1.5 

6.5 

2.0 

0 

0.5 

1.0 

26.0 

27.5 

13 

C K . 

39.5 

19.0 

9.5 

2.5 

1.5 

0 

5.0 

0.5 

4.0 

2.0 

1.0 

12.0 

3.5 

0 

1.0 

5.5 

32.5 

39.0 

14 

T . R . 

35.0 

21.0 

9.0 

3.5 

2.5 

1.5 

16.0 

0 

1.5 

0 

0 

7.0 

3.0 

3.0 

12.0 

28.0 

48.0 

91.0 

15 

R . T . 

52.0 

14.5 

7.5 

2.5 

1.0 

1.0 

6.0 

0.5 

4.5 

1.0 

0 

3.5 

6.0 

0.5 

3.0 

10.0 

64.5 

78.0 

16 

E N . 

29.5 

18.5 

4.5 

2.0 

1.5 

1.0 

10.5 

0.5 

1.0 

2.0 

0 

23.5 

5.5 

0.5 

3.0 

5.0 

65.0 

73.5 

17 

H . R . 

29.5 

12.5 

13.0 

7.5 

1.0 

0.5 

4.0 

0.5 

5.5 

0.5 

0.5 

20.0 

5.0 

0 

2.5 

10.5 

56.5 

69.5 

18 

E . M . 

43.5 

15.0 

6.0 

3.0 

1.5 

1.5 

14.5 

1.0 

1.0 

1.0 

2.0 

8.0 

2.0 

0 

1.0 

4.5 

32.0 

37.5 

19 

F A . 

38.0 

11.5 

4.0 

6.5 

2.0 

1.5 

13.0 

2.0 

6.0 

2.0 

1.0 

9.5 

3.0 

0 

2.0 

3.0 

29.0 

34.0 

20 

E P . 

34.0 

16.5 

10.0 

3.5 

1.0 

0 

9.5 

0 

5.5. 

1.5 

0 

14.0 

4.5 

0 

3.0 

10.5 

96.0 

109.5 

91 

L D 

49.5 

15.5 

3.5 

2.0 

2.5 

0.5 

5.5 

0 

7.5' 

3.5 

0 

9.0 

1.0 

0 

1.0 

4.0 

52.5 

57.5 


A S 

37.5 

11.5 

9.0 

3.0 

1.0 

1.0 

13.5 

0.5 

1.5 

6.5 

0.5 

10.5 

4.0 

0.5 

1.5 

9.0 

83.5 

94.5 

9^ 

L B 

43.5 

11.0 

6.5 

1.0 

3.5 

0 

10.5 

0.5 

6.0 

2.5 

1.0 

11.0 

3.0 

0 

0.5 

2.0 

41.0 

43.5 

24. 

T F ' 

45.5 

21.5 

10.0 

3.0 

1.0 

0 

7.5 

0.5 

4.0 

1.0 

0.5 

2.5 

3.0 

0 

1.0 

5.0 

15.0 

21.0 

25 

A M 

36.5 

13.0 

6.0 

1.5 

3.0 

3.0 

19.0 

1.0 

2.0 

0.5 

0.5 

8.0 

6.0 

0 

1.0 

7.0 

76.5 

84,5 

76 

C R K . 

17.5 

14.0 

18.0 

9.0 

4.0 

0.5 

15.0 

1.0 

5.0 

3.0 

0.5 

6.0 

6.5 

0.5 

3.0 

5.0 

58.0 

66.5 

97 

G F 

34.0 

30.0 

7.0 

2.0 

0.5 

0.5 

14.0 

0.5 

3.0 

1.0 

0 

6.5 

1.0 

0 

1.5 

3.5 

54.0 

59.0 

2fi 

C K 

27.0 

13.0 

5.0 

5.0 

3.0 

0 

19.0 

0 

5.0 

2.0 

2.0 

15.0 

4.0 

1.0 

3.0 

9.5 

78.0 

91.5 

90 


48.5 

13.5 

3.5 

1.5 

3.0 

0 

8.0 

0.5 

4.5 

1.5 

0 

8.5 

7.0 

0 

1.0 

2.5 

66.0 

69.5 

30 

W . R . 

32.5 

16.0 

8.0 

4.5 

0 

1.5 

10.5 

0.5 

3.5 

1.0 

0 

15.5 

6.5 

0.5 

1.5 

7.0 

41.0 

50.0 


raorphonuclear leucocytes were not observed. 
Reticulocytosis, usually ranging from 2 % to 7.7fo 
but in one instance as high as 13.5^, was found 
even though these patients did not show evidence 
of recent hemorrhage. The guaiac test for occult 
blood in the stool was faintly positive in several 
of these patients ; but the degree of reticulocytosis 
was correlated with an increased bilirubinemia 
much more closely than with such minimal evi- 
dence of bleeding. The hematologic character- 
istics found in these 30 patients with portal cir- 
rhosis are recorded in Table I. 

RESULTS OF BONE MARROW STUDIES 

The bone marrow appeared normally cellular 
in 21 subjects and moderately hypocellular in 
nine. The cytologic aspects and distribution of 
nucleated cells of the erythroid series usually were 
normal, although in 11 subjects there was mod- 


erate hyperplasia at the normoblast level (see 
Table II). Such hyperplasia was found in the 
most anemic patients. In only three patients 
(Nos. 3, 5, and 14) was there a suggestion of 
the ‘'megaloblastic maturation arrest” so charac- 
teristic of pernicious anemia and related macro- 
cytic anemias. These patients were remarkable in 
that they were the only ones with signs of ad- 
vanced multiple B -complex vitamin deficiencies, 
and each had a dietary history consistent with 
a prolonged deficiency of extrinsic factor. One 
of these patients (Case No. 5) had 57° free hy- 
drochloric acid in the gastric secretions following 
histamine stimulation. The other two had none. 
Unfortunately there was no opportunity to re- 
peat the test in the latter cases. 

The granulocytic cells were normal ; there were 
no bizarre metamyelocytes. The lymphocyte per- 
centages were at the upper limits of normal. 
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There was, however, a striking and consistent 
increase in the number of plasmacytes. In the 
30 patients the average was 10.5% with extremes 
of 2% to 23.5%. Normally, in our laboratory 
plasmacytes recorded as a percentage of nucleated 
nonerythroid cells range from 0 to 3.5% with 
an average of 1%. This plasmacyte hyperplasia 
was approximately proportional to the degree of 
hyperglobulinemia found in these patients. Table 
III and Figure 1 illustrate this relationship. In 
addition to the 30 patients with portal cirrhosis, 
we have studied the bone marrow of seven per- 
sons with biliary cirrhosis and seven with infec- 
tious hepatitis as revealed by liver biopsies. In 

TABLE III 


Correlation between serum globulin and plasmacytosis in the 
bone marrows of 30 patients with cirrhosis 


No. 

pt. 

Serum protein 
gms./JOO cc. 

Aver- 

age 

globu- 

lin 

Bone 

mar- 

row 

plasma- 

cytes 

Aver- 

age 

plasma- 

cytes 

Total 

Albu- 

min 

Globu- 

lin 






gms./ 








100 cc. 

per cent 

per cent 

3 

C. R. G. 

6.2 

4.0 

2.2 


2.0 


24 

J.F. 

5.7 

3.5 

2.2 


2.5 


12 

F. H. 

5.7 

2.9 

2.8 

2.60 

6.5 

4.1% 

IS 

R. T. 

6.0 

3.1 

2.9 


3.5 


26 

C. R. K. 

5.7 

2.8 

2.9 


6.0 


9 

D. T. 

5.7 

2.6 

3.1 


7.0 


25 

A. M. 

7.5 

4.3 

’3.2 


8.0 


■10 

C. N. 

5.2 

2.0 

3.2 

3.22 

10.0 

8.0% 

5 

F. R. 

6.1 

2.8 

3.3 


7.0 


18 

E. M. 

6.8 

3.5 

3.3 


8.0 


27 

G. F. 

5.7 

2.0 

3.4 


6.5 


19 

iF. A. 

1 5.6 

2.2 

3.4 


9.5 



T. R. 

6.9 

3.5 

1 3.4 

3.46 

7.0 

9.1% 

6 1 

G. K. 1 

6.4 

2.8 

3.5 


9.5 


8 

E. M. 

5.3 

1.7 

3.6 

1 

13.0 


30 

W. R. 

5.1 

1.5 

3.6 


15.5 


29 

H. S. 

6.3 

2.5 

3.8 


8.5 


21 

L. D. 

5.8 

2.0 

3.8 

3.82 

9.0 

12.0% 

23 

L. B. 

7.7 

3.9 

3.8 


11.0 


2 

C. G. 

6.1 

2.0 

4.1 


16.0 


16 

E. N. 

6.7 

2.6 

4.1 


23.5 


28 

C. K. 

6.0 

1.8 

4.2 


15.0 


13 

C. K. 

6.6 

2.3 

4.3 

4.28 

12.0 

13 7% 

4 

R. P. 

6.7 

2.3 

4.4 


7.5 


22 

A. S. 

7.6 

3.2 

4.4 


10.5 


7 

M. H. 

7.2 

2,7 

4.5 


14.0 


20 

E. P. 

6.7 

2.0 

4.7 


14.0 


17 

H. R. 

6.2 

1.5 

4.7 

4.72 

20.0 

16.1% 

1 

M. W. 

6.4 

1.6 

4.8 


19.0 


11 

W. J. 

9.1 

4.2 

4.9 


13.5 



caMs are arranged in the order of increasing globulin 
aiucs. Under these conditions there is a similar progres- 
ve increase in the percentage of plasma cells. 



Fig. 1. Graphic Illustration or Data Presented in 
Table III 


these 14 cases, unlike those with portal cirrhosis, 
plasmacytosis as high as 7% occurred only once 
and in none was there any correlation between 
the number of plasmacytes and the amount of 
serum globulin. 

PROGRESS AND RESPONSE TO TREATMENT 

There was no evidence of blood regeneration 
in the majority of patients on the hepatic regime 
supplemented with either liver extract or folic 
acid as previously described (see Figure 2). Slow 
non-specific hematologic improvement was ob- 
served in only five patients. This coincided with 
improvement in the patient’s general condition. 

A specific hematologic response similar to that 
which follows the administration of liver extract 
to persons with pernicious anemia was observed 
in only two patients (Nos. 3 and 14). A third 
patient (No. 5) who received one-half lb. of beef 
daily for 21 days in place of the hepatic regime, 
had an erythrocyte and hemoglobin rise of 2.75 
to 3.72 millions and 10.3 to 12.2 grams respec- 
tively in this period of time. The reticulocjTes 
did not increase during this period but were 
sustained between 4% and 5%, gradually falling 
toward the end of the period. The mean cor- 
puscular volume fell from 120 to 108 cubic 
microns. Each of these three patients (Nos. 3, 
5, and 14) had a significant number of mcgalo- 
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M.W., c.?.36 , PORTAL CIRRHOSIS, ALCOHOLIC 


b 



Oct. Nov. Dec. 


Fig. 2. This Patient Had Proved Portal Cirrhosis and a Macro- 
cytic Anemia 

This graph illustrates the ineffectiveness of liver extract and folic acid 
in influencing the course of this anemia. 


blasts and early erythroblasts in the bone marrow, 
but patients Nos. 3 and 14 were too ill to be 
subjected to the same experiment as patient No. 
5. In fact patient No. 14 deteriorated rapidly 
even though there had been a hematologic re- 
sponse, and expired three weeks after hospital 
admission. Wintrobe (1) has recorded a similar 
experience. 

DISCUSSION 

The characteristics of the peripheral blood of 
the cirrhotic subjects in this study are comparable 
to those previously described (1, 5). Sixty-five 
per cent had macrocytic anemia, 15^ had normo- 
cytic anemia and 20% no anemia. The accumu- 
lated evidence indicates that in the great majority 
of these subjects the macrocytic anemia of chronic 
liver disease occurred because of a metabolic de- 
fect other than erythrocyte maturation factor 
(liver factor) deficiency. The peripheral blood 
of persons with portal cirrhosis and macroc)^ic 
anemia did not reveal the anisocytosis, poikilo- 
cytosis, nucleated erythrocytes or multilobed poly- 


morphonuclear leucocytes characteristic of per- 
nicious anemia and related diseases. The bone 
marrow was normoblastic and either normally 
cellular or slightly hypocellular rather than hyper- 
cellular and megaloblastic. Finally, there was no 
change in the bone marrow or peripheral blood of 
persons with uncomplicated cirrhosis which could 
be credited to treatment with crude or refined 
liver extract or folic acid in large doses. 

Three patients in this series had eaten diets for 
many years which were grossly deficient in B- 
complex vitamins, animal protein and presumably 
extrinsic factor. These were the only persons 
who exhibited advanced lesions of vitamin B- 
complex deficiency disease, such as glossitis, neu- 
ritis, and pellagrous dermatitis; these were the 
instances in which there were a significant num- 
ber of megaloblasts or early erythroblasts in the 
bone marrow and in which there was a hemato- 
logic response to liver extract, and in one case, 
a response following the administration of ground 
beef. We believe that these three patients and 
the several similar patients reported in the medi- 
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cal literature (1, 10) are examples of extrinsic 
factor deficiency macrocytic anemia in persons 
with cirrhosis rather than the macrocytic anemia 
of chronic liver disease. 

Several other points warrant brief comment. 
Blood loss cannot be invoked to explain the con- 
sistent initial reticulocytosis found in these pa- 
tients and described previously by Rosenberg (5). 
Hemolysis or mild hypersplenism are unlikely 
causes because the level of urobilinogen in the 
stools was not elevated in any patient in whom 
•the test was performed, and the bilirubin in the 
blood was usually of the direct reacting type. 
The uniform type of macrocytosis cannot be ex- 
plained satisfactorily. Both of these problems 
require further investigation. 

The bone marrow plasmacytosis in portal cir- 
rhosis, which correlated roughly with the degree 
of hyperglobulinemia, has its counterpart in sev- 
eral other diseases and has been noted previously 
in European communications (11, 12). Such a 
correlation has also been found in lymphopathia 
venereum, Boeck’s sarcoid, kala azar, multiple 
myeloma and serum sickness (13-17). As a 
result of studies on diseases associated with ele- 
vated serum globulin, Bing and Plum (18) con- 
clude that the formation of globulin takes place 
in the plasmacyte. This opinion is supported by 
more recent investigations concerning the rela- 
tionship of plasmacytosis to hyperimmune reac- 
tions and hyperglobulinemia (17-22). These 
studies indicate that plasmacytes develop in bone 
marrow and spleen in animals sensitized to bac- 
terial or simple protein antigens as antibody 
globulin increases. Passively induced hyperglo- 
bulinemia or passive sensitization and shock do 
not induce a plasmacyte response. 

Our studies do not indicate whether globulin 
IS formed by plasmacytes or whether the plasma- 
cytes appear in response to globulin formed else- 
where. Because of the studies cited above and 
by analogy with multiple myeloma it is likely 
that the plasmacyte is responsible for the exces- 
sive production of one of the beta or gamma 
globulins found by electrophoresis in the serum 
of patients with myeloma or portal cirrhosis (23). 
The stimulus to plasmacytosis in cirrhosis may 
be an antigen which the damaged liver either 
liberates or cannot inactivate. 

Other globulins may be produced by lympho- 


cytes and by the macrophages of the bone mar- 
row, liver and other parts of the reticulo-endo- 
thelium without the mediation of the plasmacyte. 
Perhaps this is the reason why globulin may be 
elevated in acute hepatitis and biliary cirrhosis 
without a consistent increase in plasmacytes in 
bone marrow or other tissues. 

CONCLUSIONS 

1. A hematological survey has been carried 
out in 30 patients with proved portal cirrhosis. 

2. Moderate or severe macrocytic anemia was 
present in 65% of the patients. 

3. Reticulocytosis usually ranged up to 8% 
but in one instance was as high as 13.5%. It 
could not be explained by acute loss of blood. 

4. The bone marrow of these persons was nor- 
mally cellular or moderately hypocellular. In 11 
there was moderate normoblastic hyperplasia. 
The only patients with megaloblastic maturation 
arrest had evidence of “extrinsic factor” de- 
ficiency. 

5. Plasmacytes were consistently increased in 
the sternal bone marrows of these patients. The 
degree of plasmacytosis correlated roughly with 
the degree of hyperglobulinemia, suggesting a 
cause and effect relationship of a similar nature 
to that observed in multiple myeloma. 

6. The macrocytic anemia failed to respond to 
liver extract and folic acid although there was an 
occasional spontaneous hematologic remission as- 
sociated with a decrease in the severity of the 
cirrhosis. There was a significant hematologic 
response to liver extract or ground beef only in 
the three patients in whom extrinsic factor de- 
ficiency was suspected. 

7. The normoblastic bone marrow and the lack 
of response to liver extract and folic acid in the 
majority of cases strongly suggests that the 
macrocytic anemia of chronic liver disease is pro- 
duced by a metabolic defect entirely different 
from that responsible for pernicious and related 
macrocytic anemias. 
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Under the conditions ol relatively constant 
body temperature which exist in warm blooded 
animals including man, the physiological variations 
occurring in circulatory functions such as blood 
pressvne, cardiac output, and circulatory rate are 
small. This relative constancy has led to the de- 
velopment of the concept of circulatory homeo- 
stasis. In recent years there has been a growing 
appreciation that the warm blooded animal may 
survive at greatly reduced body temperature dur- 
ing which marked circulatory changes may occur. 
The interdependence of the several cardiovascular 
functions has indicated the need for a correlation 
of the circulatory adjustments which occur dur- 
ing such progressive hypothermia. Only in this 
manner would it be possible to interpret the sig- 
nificance of the changes and their respective roles 
in the integration of the animal under the stress 
imposed by the hypothermia. Such studies may 
also have value in the development of rational 
therapy for individuals who have undergone pro- 
longed exposure to cold. 

METHOD 

Fifteen heparinized dogs were anesthetized with intra- 
venously administered sodium pentobarbital. Three ani- 
mals were used as controls and 12 were cooled- Nine of 
these latter were maintained in a lighter and three in a 
deeper plane of anesthesia. The results were compared 
with those of six other dogs, in a parallel study (1), 
subjected to hyperthermia. 

Respir atory rate and oxygen consumption were re- 
corded with a basal metabolism apparatus attached to a 
tracheal cannula. Kymographic tracings of arterial 
blood^ ressure were obtained from the fem oral artery 

^ Read before the III Interamerican Cardiological 
^°"Sress, June 13-17, 1948, Chicago, III. 

Aided in part by a grant from the Department of the 
Army to the Michael Reese Hospital (Dr. L. N. Katz, 
responsible investigator) . 

^ Rockefeller Fellow from Prague, Czechoslovakia. 

* Hadassah Fellow from Jerusalem, Israel. 
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with a mercury manometer. Pulse rates were obtained 
from electrocardiograms taken simultaneously with the 
other measurements. 

Cardiac output was calculated from the oxygen con- 
sumption and the arteriovenous oxygen difference accord- 
ing to Pick’s formula (2). Two radio-opaque cardiac 
catheters were introduced through the external jugular 
veins and, with the aid of fluoroscopy, the distal ends 
were placed in the right auricle and in the pulmonary 
artery, respectively. The proximal ends of the catheters 
were connected with saline manometers for the recording 
of mean pressures. The location of the catheters and 
their zero pressures were verified at post-mortem ex- 
amination. To ensure maximal mixing of the blood 
returning to the heart, samples of venous blood were 
taken from the pulmonary artery. Arterial blood was 
obtained from the cannulated femoral artery. In the 
course of each experiment, 100 to 150 cc. of blood were 
withdrawn and replaced with isotonic saline solution. 
The Van Slyke-Neill technic (3) was used in the 
analysis of blood Oz and COz. Hematoc rits wer e deter- 
mined by the Wintrobe method (4), arterial blood being 
employed. 

Control measurements were made when the blood pres- 
sure and respiration of the animal became stabilized. 
The animals were then covered with chipped-ice packs. 
Body temperatures were recorded from thermometers 
placed deeply in the rectosigmoid area and protected from 
the ice packs. The mean cooling period was about two 
hours during which the body temperatures fell to 29° C. 
The animal was then dried, covered with thin sheets, and 
exposed to radiant heat. However, the body tempera- 
tures continued to fall to 27° C, before beginning to rise. 
The mean rewarming period lasted five to six hours, at 
the end of which body temperatures usually had returned 
to 37° C. Ten or 11 determinations were obtained in 
each experiment, measurements being taken after each 2 
degree change of body temperature. 

Evalitat{o7i of the method 

Measurements of right auricular and pulmonary arte- 
rial pressures represent only the approximate mean values. 
iThe changes in pressure were considered to be of greater 
Vsignificance. During periods of extreme bradypnea re- 
sulting from severe respirat ory cente r _dei)re_ssion, great 
variations in concentration of blood gases occur during 
each respirator!’ cycle, and this produces errors in the 
direct Pick method. This inaccuracy is further in- 
creased by the fact that the usual means of collecting 
blood samples makes it impossible to obtain exactly 
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TEMPERATU RE -‘C 

■ 37 ^ 

36 

35*- 

OXYGEN CONSUMPTION 

CCV^a BODY WEIGHT 

6 | 

5' 

4' 

RESPIRATORY RATE 
40r 
30 
20 
10 





BLOOD PRESSURE 



CARDIAC OUTPUT 



Fig. 1. Composite Graph of Data Obtained from 
Three Control Dogs, Anesthetized but not Sub- 
jected TO Cooling, during Four-Hour Period 
Values for oxygen consumption and cardiac output are 
given in cc./kg./min. Respiratory and heart rates are 
in frequency per minute. The results in each individual 
dog are indicated by a different type of line. 

simultaneously withdrawn arterial and mixed venous 
blood These samples were drawn within 10 seconds of 
each 'other. This error is shown by the propessive 
accumulation of carbon dioxide in both arterial and 
venous bloods during apneic periods. Thus arterial blood 
taken at the end of apneic periods may contain more 
carbon dioxide than is found in venous blood withdrawn 
at the beginning of the respiratory cycle. For this rea- 
son data obtained during marked bradypnea are not used 
in 'tbe conclusions of this study, although these are 
included in the tables. 

Measurements similar to those described above were 
obtained over four-hour periods in a control group of 
three dogs, anesthetized but not subjected to cooling 

procedures (Figure 1). u, j 

The site from which true mixed venous blood can be 

obtained has been a controversial point, and ^een 
discussed by many investigators m connection with the 
application of the direct Fick method f I" f l 

latter instance it has been demonstrated that there ar 
only slight differences between blood taken from 1 1 
right ventricle or pulmonary artery and that from the 
ight auricle provided that the catheter tip is placed near 


the tricuspid valve orifice. A different situation exists 
in dogs, our experience having shown that the oxygen 
content of blood taken from the right ventricle or pul- 
monary artery may differ markedly from that of the 
right auricle. We therefore adopted catheterization of 
the pulmonary artery as a more exact technic. Even 
greater errors may be introduced when venous blood is 
taken from the inferior vena cava due to the presence 
of more highly oxygenated renal venous blood which is 
poorly mixed with that from other viscera. 


DISCUSSION OF RESULTS 

Oxygen consumption 

The initial values for oxygen consumption lay 
within a relatively small range, 4.0 to 6.6 cc./kg./ 
min. In the control series no significant changes 
in oxygen consumption occurred during the four- 
hour period of observation (Figure 1). In eight 
cooled dogs there was a progressive decrease in 
oxygen consumption as body temperature fell. 
In two less deeply anesthetized animals the oxygen 
consumption increased from 4.7 to 10.8 and from 
4.0 to 4.7 cc./kg./min. during shivering, and then 
suddenly decreased. In two other dogs the oxy- 
gen consumption did not vary significantly until 
body temperature fell to 31 °C. Very little varia- 
tion was noted in the pattern of change after 
the temperature fell below 31 °C. The lowest oxy- 
gen consumption was 1.4 cc./kg./min. During 
rewarming periods there was a progressive in- 
crease in oxygen consumption in all instances. 
Data on three deeply anesthetized animals are 
given in Figure 2. 

The direct relationship which was found between 
oxygen consumption and body temperature is- 
similar to the results of other investigators in dogs 
(5). Variations in oxygen consumption up to 
200% which we observed in the four less deeply 
anesthetized dogs mentioned above were associated 
with marked shivering and increase in pulse rate. 
There is general agreement that shi vering cau ses 
an increa se in . oxygen consumption (6). Visible 
shivering occurred at temperatures as low as 29° 
C in our experiments and did not prevent further 
drop in body temperature. Figure 3 represents an 
experiment in which marked shivering did not 
prevent further fall in body temperature. It should 
be noted that the rate -of temperature change dur- 
ing both the cooling and rewarming periods was 
not altered by marked shivering. The administra- 
tion of 100% oxygen did not inhibit or delay ^e 
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Fig. 2. A Composite Graph of Average Data Ob- 
tained FROM Three Deeply Anesthetized Animals 
DURING Cooling and Rew arming 

It should be noted that the cardiac output failed to 
increase during the rewarming period despite the ac- 
celeration of the heart rate. Values for oxygen consump- 
tion and cardiac output are given in cc./kg./min., pulse 
rate is in beats per minute. 

onset of shivering although such effects have been 
reported by others (7) . 

Rcsjuratory rate 

In the control series there was very little ch ange 
in the respiratory rate (Figure 1). During both 
cooling and rewarming a close correlation between 
the respiratory rate and body temperature was 
found. This direct relationship was seen in the 
three deeply anesthetized (Figure 2) and in most 
of the less'cTeeply anesthetized dogs. In two in- 
stances transient increases in respirator}' rate 
from 28 to 40/min. and from 6 to 15/min. oc- 
curred during the early cooling period. The ini- 
tial rates varied from 6 .to .28/min, and at the 


lowest temperature varied from 0.5 to 7/min. ex- 
cept in one dog. In this animal the lowest rate 
was 22, this dog maintaining a high rate during the 
entire experiment. In almost every case, the low- 
est respiratory rate occurred at the lowest body 
temperature. Following rewarming the range of 
variation in the rates was greater than that prior 
to cooling. Similar results have been obtained 
by others in animals (4, 8) . 

Pulse rate 

The direct relationship found between changes 
in bod y tem perature and pul se ra te is shown in 
Figure 2. During the inducti on of codling, in- 
creases in pulse rate occurred i^ the two animals 


oxygen consumption 

CC/ KG. OF BODY WT. — 



CARDIAC OUTPUT 
CC/KGBODY WT — 



Fig. 3. A Composite Graph Showing the Effect of 
Shh-ering in One Dog 

It should be noted that the cuo'es obtained in this ani- 
mai do not differ significantly from those obtained from 
dogs in which shivering was absent (Figure 2). Values 
of oxygen consumption and cardiac output arc given in 
cc./kg./min. 
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in which the rates were measured immediately af- 
ter the ice was applied, although there was visible 
shivering in only one dog. In both there were 
transient increases in pulse and respiratory rates 
and blood pressure. After these initial changes 
an almost linear relationship was found, the 
changes in pulse rate closely paralleling the 
changes in body temperature. The lowest pulse 
rate was ^/min. occurring at 27° C. In the con- 
trol series very slight changes were noted (Fig- 
ure 1). 

Similar results have been described by others 
(6). The direct effe ct of cold on the sinuspace- 
maker appeajs tQ_be responsible for the variations 
in heart rate. The absence of changes in the con- 
trol series lends support to the assumption that the 
changes are not due to the anesthetic. 

Electrocardi^ram 

Electrocardiograms (Lead II) were taken simul- 
taneously with other measurements in 11 dogs. 

. The progressive sinij ^brady cardia occurring dur- 
ing cooling has already been discussed. There 
were no marked abnormalities of the P waves but 
the P-R intervals _increased progressively as the 
heart rate slowed. A gradual widening of the 
ventricular complexes occurred during cooling, 
being maximal at the lowest temperatures in all 
but one dog. The average duration of the QRS 
complex was 0.062 seconds prior to cooling and 
this was doubled at 27° C. At the lowest tempera- 
tures an intraventricular block with notched S 
wave was noted in all but one animal. Figure 4 
illustrates the relationship between the body tem- 
perature and QRS duration. Electrical systole, 
calculated from Bazett’s iormuk. (9), was pro- 
gressively increased from a normal value for K of 
0.33 to 0.43 at 29°C (Figure 4). An elevation of 
the S-T segment was observed in nine dogs and a 
^ depression in one dog. In two dogs the T wave 
reversed its direction and in four there was a de- 
creased amplitude. No change in T wave was 
noted in four dogs. Ventricular premature beats 
were seen in three dogs and in two instances, ven- 
tricular fibrillation developed. 

The initial effect of cooling is on the heart rate 
and on the duration of electrical systole. Change 
in contour and duration of ventricular complexes 
and S-T-T changes occur later. The effect of 
cooling on repolarization in the ventricles is seen 


before the effect on depolarization. All these 
changes were entirely reversible dunn g the re- 
warming phase. The observed abnormalities are 
probably a direct effect of cold on the metabolic 
processes in the myocardium, since similar changes 
occur with direct application . of cold (10). A 
more severe hypothermia th an we used has been 
reported to induce auricular fibrillation and A-V 
block (11), but we did not observe these effects. 

Blood pressure 

Sodium pentobarbital anesthesia induces> 2 -£all 
in blood pressure, apparently via a direct effect on 
the vasomotor_ center and this is often associated 
with a spontanQpus, fall.in_bo^ ternperature (12). 
In confirmation of this we noted in the control 
series a fall in temperature of as much as 2° C, as- 
sociated with a decrease in mean blood pressure 
during the first two hours of anesthesia ; after this, 
the pressure was maintained at the lower level in 
two dogs and returned to control values in the 
third (Figure 1)^. 

A slight but transient^rise inJblood_^pr£ssure 
usually occurred immediately after The applica- 
tion of the ice packs. Shivering usually elicited 
further increases'’as great as 25%, but in two dogs, 
despite shivering, mean blood pressures fell 6% 
and 17% respectively. The fall in blood pres- 
sure which occurred during the early phase was 


DURATION OF 



BODY TEMPERATURE - “C 


F:g. 4. Relationship of Body Temperature to 
•Electrocardiographic Changes 
Discussed in text. 
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TABLE I 


Cardiac output {cc./kg./min.) changes during cooling and rewarming 


Dog 

CooUng temperature ° C. 

Warming temperature ° C. 

no. 

















38° 

37° 

35° 

33° 

31° 

30° 

29° 

28° 

27° 

29° 

31° 

33° 

35° 

37° 

38° 

C2 

ISO 


70 

59 

56 






36 

34 

46 

49 


C7 

175 



43 

47 


39 

30 



30 

29 


46 


Cll 


144 

100 

83 

66 


63 

35t 


73 

29 

29 

35 

31 


Cl 

82 

98» 

111* 

76* 


129* 


22 



21 

30- 

18f 



C3 

72 


96* 


121* 


53 


46 

77* 

43 

44 

144t 



C5 

63 


143* 

92 





80t 

95* 

68 

64 

57 

66 

66 

C8 


112 

65 

86 

88 




lOlf 


78 

67 

82 



C9 


75 


39 

173 


42t 








CIO 

141 


155 

113* 

168* 


79 


loot 

63 


72 

86 

80 


C12 



200 


77 











* Shivering. Dog died shortly afterward. t Extreme bradypnea. Estimation inaccurate. 


not great in most instances and not markedly dif- 
ferent from the changes observed in the control 
series. However, during prolonged cooling, there 
was a tendency to a progressive fall in blood pres- 
sure and at the lowest body temperature in the 
dogs that survived, mean pressures had fallen 
to as low as 54% of the original level (Figure 2). 
During rewarming there was a consistent rise in 
blood pressure, the latter returning almost to ini- 
tial values when the body temperature returned to 
37° C. 

This laboratory has previously called attention 
to a relationship between body temperature and 
blood pressure which may be demonstrated in sev- 
eral species of animals. In these, lowering of the 
temperature is accompanied by a fall in blood pres-i 
sure (13, 14). Certain data in the literature ori 
the effect of cooling on the blood pressure of man 
(15), and animals (16) are in accord with this 
concept. However, other data (17) show that the 
blood pressure may be maintained at control lev- 
els in cooled anesthetized rats until the body tem- 
perature falls below 29° C. Proskauer ef al. (18) 
found that in rats an initial decrease was followed 
after 30 minutes of cooling by a rise in blood pres- 
sure. These responses may be a part of the homeo- 
static mechanisms which maintain the body tem- 
per%ure at normal levels, and in the face of a 
falling temperature maintain the blood pressure 
for a period. 

Cardiac^tfput 

Control ralues for cardiac output in these and 
other dogs that we have studied averaged 112 cc./ 
bg./min. and varied from 60 to 175 (Table I). 


In the deeply anesthetized dogs there was a marked 
decrease in output during cooling and a small in- 
crease during rewarming- (Figure 2). The lowest 
outputs occurred, not at the lowest body tempera- 
tures, but during the early rewarming periods, and 
these ranged between 35% and 56% of the con- 
trol values. There were greater variations in car- 
diac output in the six less deeply anesthetized dogs. 
In 10 of the 12 dogs, there was a definite increase 
in output as great as 126% during the first period 
of cooling. These changes were associated with 
shivering, increased oxygen consumption and pulse 
rate, or a combination of these factors. For ex- 
ample, dog Cl, which shivered violently during 
early cooling, showed an increase of oxygen con- 
sumption from 64 to 146 cc./min., of respiratory 
rate from 28 to 40 and of pulse rate from 176 to 
196. The sudden rise in output in dog C9 at 31 ° C 
was related to an acute fall in arterial oxygen con- 
tent which persisted until sudden vasomotor col- 
lapse led to death. This sudden increase in output 
may have been due to the acute anoxia but the eti- 
ology of the sudden drop in arterial oxygen con- 
tent could not be accounted for. Complete re- 
covery from cooling was not achieved as can be 
seen from the fact that the final values for cardiac 
output during rewarming were only about 50% 
of the original values. Increases in output during 
rewarming of the less deeply anesthetized dogs 
were more rapid and of a higher order and almost 
returned to the original values. 

In two dogs of the control group there was a fall 
in cardiac output coincident with a spontaneous 
fall in body temperature up to 2° C (Figure 1). 
The reduction in cardiac output may have been due 
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partly to an anesthetic action and partly to the re- 
duction of body temperature. No change in either 
body temperature or cardiac output occurred in 
the third control dog. 

Right auricular and pulmonary arterial pressures 

The mean right auricular pressure was meas- 
ured in 10 dogs during cooling and in three con- 
trols, and was found to lie in the range of 1 mm. 
Hg in the control state (compared to the atmos- 
pheric pressure). In the control group variations 
occurred, usually in a negative direction, the largest 
being — 2 mm. Hg. In the animals which were 
cooled the changes were as great as — 5 mm. Hg. 

The mean pulmonary arterial pressure was 
measured in eight cooled and three control dogs. 
The initial values lay in a range of 7 to 12 mm. 
Hg except in one dog in which it was 15 mm. Hg. 
In both control and cooled dogs there were rapid 
and substantial variations in pressures as much 
as 6 mm. Hg. The pressure changes were not 
consistent and bore no relationship to pulse rate, 
blood pressure, stroke volume or cardiac output. 

With the development of the direct Fick method 
in man, much attention has been paid to the right 
auricular pressure and its relation to cardiac out- 
put. McMichael and his group (19) have prom- 
ulgated the idea that within physiological limits 
in the compensated heart, the cardiac output 
changes concordantly with right auricular pres- 
sure but this concept has recently been criticized 
(20, 21 ) . In our experiments there was no rela- 
tionship between mean right auricular pressure 
and stroke volume, pulmonary arterial pressure, 
blood pressure or work of the right heart in either 
the cooled or the control series. Changes in the 
mean right auricular and mean pulmonary arterial 
pressures usually occurred in the same direction 
but were not proportional and on occasion the di- 
rection of change was discordant. 

H enio concentration 

Hematocrits were taken periodically in 10 dogs. 
It should be noted that about 100 to 150 cc. of 
blood were withdrawn and replaced with isotonic 
saline solution during each experiment. _ There 
was an average increase in the hematocrit value, 
of 10% at the lowest temperatures with a tendency 
to hemodilution during rewarming, Barbour (22) 
has demonstrated a reflex which originates in 


chilled skin and is mediated via the hypothalamus, 
to produce a shift in the body fluids from the circu- 
lating blood to the interstitial spaces in hypo- 
thermic states. 

Causes oj death 

Five animals died in the course of these experi- 
ments. Cardiac failure has been suggested as a 1 
cause of death in hypothermia in man (23), ins 
dogs (5) and in rats (17). However, this view is 
not substantiated by our observations. One death 
was due to ventricular fibrillation which occurred 
early in the cooling period ; ventricular premature 
beats were frequent from the onset of the ex- 
periment and in this case an irritating effect of the 
intracardiac catheter could not be excluded. In 
three dogs there was a sudden fall of blood pres- 
sure prior to the cessation of respiration. This 
occurred during rewarming at body temperatures 
of 35° C in one dog, at 34° C, in another, and in 
the third dog it occurred at 27.5° C. Marked 
brad 3 fpnea and respiratory irregularity developed 
soon after the blood pressure fell and respiration 
ceased shortly thereafter. In these dogs the pulse 
rates were 146, 120 and 90/min. respectively, and 
the cardiac outputs were at high levels during the 
period immediately preceding the fall in blood pres- 
sure. We must conclude that in such cases there 
was a sudden vasomotor paralysis. In the fifth 
dog there was a primary central respiratory ar- 
rest. A sudden anoxic rise in blood pressure oc- 
curred and this was followed by a progressive fall 
in pressure. In this case the vasomotor center 
was able to respond to anoxia in a normal manner. 
Artificial respiration was instituted and the heart 
continued to beat for about two hours after 
respiratory arrest. Therefore, in our cases death 
was due to failure in the central nervous system 
either of the respiratory or of the vasomotor cen- 
ters, as stated in some other reports (5, 24). In 
more prolonged and more intense hypothermia 
employed by others, other causes may be involved. 

GENERAL COMMENTS 

The present studies, correlated with those of 
other investigators, make possible a more com- 
plete analysis of the hemodynamic changes occur- 
ring during hypothermic states. Figure 2 repre- 
sents a composite graph in which the relationship 
between the hemodynamic factors which we have 
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and changes in body temperature can 
be seen. The general effect of cold on all 
tissues is to reduce progressively all cellular 
etabolic processes in accordance with van’t 
off’s Law. Early in the cooling period of a 
arm blooded animal such as the dog, reflexes are 
imulated which tend to decrease the loss of heat 
id to increase the rate of endogenous heat pro- 
duction, thus tending to maintain the body tem- 
perature at normal levels. Some of these reflexes 
result in a reduction in peripheral blood flow, 
shivering and redistribution of body fluids. The 
cardiovascular response during this early period 
is manifested by tach ycar dia, elevate d blo od pres- 
sure and increased c ardia c output, as was observed 
early in the cooling of the lightly anesthetized 
animals. Anesthesia tends to inhibit these protec- 
tive reflexes to some extent but shivering can be 
seen in most anesthetized animals during cooling. 

As cooling becomes more intense and more pro- 
longed there develops a progressive bradycardia, 
bradypnea, decreased oxygen consumption, de- 
creased cardiac output and hypotension. The 
metabolic demands of the tissues for oxygen and 
substrate are so markedly decreased that true an- 
|Oxia must be minimal despite a reduced avail- 
lability of oxygen. This accounts for the failure 
of the administration of lOQfo oxygen to be of 
benefit or to prolong life during hypothermia. At 
very low body temperatures a progressive respira- 
tory center depression occurs, due to the effect 
of cooling, and in our experiments to the effect of 
anesthesia. This depression may markedly reduce 
the oxygen supply and lead to the death of the an- 
imal in anoxia. During this phase of respiratory 
failure, oxygen and artificial respiration should 
be of value. 

The depressant effect of cold on all body tis- 
sues holds true for the myocardium itself. This 
is reflected by the development of progressive sinus 
bradycardia, abnormalities in depolarization and 
later in repolarization, prolongation of electrical 
systole and the development of intraventricular 
block, as well as prolongation of auriculo-ventric- 
ular conduction time. The direct effect of cold 
on the heart is well shown by the development in 
the isolated heart preparation of changes similar 
to those described above. We observed no evi- 
dence of an inability of the heart to deal satisfac- 


torily with the venous return of blood from the 
periphery. 

The marked decrease of cardiac output which 
occurred during cooling is primarily the result 
of changes in the peripheral circulation. There is 
a progressive decrease in the circulating blood 
volume with the development of hemoconcentra- 
tion, due to a shift of body fluids from the vascu- 
lar bed into the interstitial spaces. These factors 
tend to reduce the venous return to the heart and 
to decrease the cardiac output. There are cer- 
tain compensatory mechanisms, however, as is 
shown by the maintenance of the blood pressure 
at relatively high levels in the face of a markedly 
reduced cardiac output. These facts may thus be 
considered as evidence that marked peripheral 
vasoconstriction occurs, partially compensating for 
the decreased blood volume and cardiac output. 
When these compensatory mechanisms fail to meet 
the stress produced by hypothermia, vasomotor 
collapse occurs and leads to death. 

All the changes which we observed were en-i 
tirely reversible upon rewarming, and the re-i 
covery of function was in general related to the de- 
gree of rewarming accomplished. Thus the heart 
and respiratory rates, the blood pressure and the 
cardiac output tended to return to control values 
as the animal approached its normal body tempera- 
ture. This would suggest that the induction of 
hypothermia in a warm blooded animal such as the 
dog may not be an altogether unphysiological 
procedure, in the sense that the compensating 
adjustment patterns, which appear during the cool- 
ing and the rewarming periods, are ordinarily ca- 
pable of coping with the situation, within limits. 

SUMMARY 

1 . Circulatory changes and cardiac output were 

studied in 12 dogs during cooling induced by ex- 
posure to chipped ice packs and during rewarm- , 
ing, and in three control dogs. ' 

2. During the early cooling period, thermo 
genic reflexes which cause shivering are set ofi 
which act to produce an increase in oxygen con- 
sumption, respiratory and heart rates, blood pres' 
sure and cardiac output. Tiiese reflexes may Iv 
inhibited to some extent by deep anesthesia. 

3. As cooling continues, and the co mbined ’ 
pressing effects of hypothennia and anesthesia 
hemoconce ntrati on and a progress ive fall in 
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gen consumption, in respiratory and heart rates, 
and in blood pressure occur. The cardiac output 
also falls. Marked prolongation of electrical sys- 
tole, with the occurrence of intraventricular and 
A-V block, and changes in the S-T-T contour 
are seen. The changes in these values are re- 
lated to the degree of hypothermia obtained. 

4. During rewarming, these effects are reversed 
with a return of the blood pressure, respiratory 
rate, and pulse rate to normal, and with a tend- 
ency to a return to normal in the degree of hemo- 
concentration and cardiac output. Electrocardio- 
graphic changes were also reversed. 

5. When it occurred, death in hypothermia was 
attributable to failure of the vasomotor or respira- 
tory centers, rather than to failure of the heart. 

6. No consistent correlated changes in right 
auricular pressure, on the one hand, and pulmon- 
ary arterial pressures, cardiac output, or the work 
of the right heart, on the other, were observed dur- 
ing either the cooling or rewarming periods. 
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^ An elevation of the body temperature evokes 
many physiological changes, as a direct result of 
the increased rate of metabolism and the greater 
demand for oxygen and substrate, and indirectly in 
warm blooded animals because of the elicitation of 
thermolytic mechanisms. An understanding of the 
interrelationships between these factors is of ob- 
vious importance in an appreciation of the dynam- 
ics of hyperthermia and in the establishment of a 
rationale for its treatment. Despite many impor- 
tant contributions to this problem, there is a pau- 
city of information concerning the effect of hyper- 
thermia on the cardiac output and the right intra- 
cardiac pressures. We have therefore undertaken 
an analytical study of the circulation in hyper- 
thermia in an effort to assay these adjustments 
more satisfactorily. Our present experiments have 
been limited to a study of the changes which occur 
following exposure to radiant heat since this 
method of producing hyperthermia seemed to be 
the simplest, being free from incidental effects pro- 
duced by pyrogens and by other methods. A few 
experiments were done with short wave diathermy. 

METHOD 

Hyperthermia was induced in nine dogs. Six dogs, 
anesthetized with sodium pentobarbital, were exposed to 
radiant heat from several light bulbs until the body tem- 
peratures (about 38° C) gradually increased to 42° C 
during a two-hour interval. Body temperatures were 
reduced during the following one- to two-hour periods 
by using cold wet cloths applied to the body and by 
draft-producing electric fans. Temperatures were ob- 
tamed^ from a thermometer placed deeply in the recto- 
sigmoid ar ea. A mercury manometer attached to a 
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responsible investigator) . 

* Rockefeller Fellow from Prague, Czechoslovakia. 
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femoral artery recorded mean arterial blood pressures on 
a kymograph. Mean pulmonary arterial and right auric- 
ular pressures were obtained with saline manometers 
attached to their respective radio-opaque cardiac cathe- 
ters. Cardiac output was calculated according to the 
Pick formula, blood from the pulmonary artery being 
used as mixed venous blood, and oxygen consumption 
being recorded with a basal metabolism apparatus at- 
tached to the cannulated trachea. Hematocrits of the 
arterial blood were determined according to the method of 
Wintrobe. Blood O 2 and COj analyses were performed by 
the Van Slyke-Neill technique. A detailed description of 
these methods is given elsewhere (1). Measurements 
similar to the above were also obtained in a series of 
three dogs heated by short wave diathermy,® but unless 
specified, the results given below refer only to those 
experiments in which radiant heat was employed. Simi- 
lar measurements were made on three control anes- 
thetized dogs kept at room temperature. 

DISCUSSION OF RESULTS 

Oxygen consumption 

Many studies have demonstrated a close parallel 
between the rise in body temperature and the in- 
creased oxygen consumption (2-4) which ac- 
companies the acceleration of cellular metabolism 
during fever. In our experiments (Figure 1) an 
average increase of 57% was observed at a body 
temperature of 42° C, the greatest increase being 
100% in one instance. During the cooling period 
oxygen consumption decreased simultaneously 
with the fall in body temperature and returned to 
control levels as the temperature of the animal 
again reached 38° C. In the control series only 
slight and insignificant changes in oxygen con- 
sumption took place. 

Respiration and content 0 / blood gases 

The production of hj'perthermia was accom- 
panied by an increase in respiratory rate and 

® The Burdick Corporation generously supplied the 
short wave equipment 
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A-V OIFF. 



Fig. 1. A Composite Graph of the Average Values 
OF Various Factors during the Heating and Cool- 
ing OF Six Dogs 

A-V Diff. represents the arteriovenous oxygen dif- 
ference (vols.%) ; QOs, the oxygen consumption in cc./ 
kg./min.; Resp. and Pulse are, respectively, the respira- 
tory and pulse rates per minute; B.P,, the mean arterial 
blood pressure in mm. Hg; C.O., the cardiac output in 
cc./kg./min. ; and R.A.P., the mean right auricular pres- 
sure in cm. saline. 


volume (Figure 1 ) similar to that which has been 
reported in all types of naturally occurring fever 
(2). During recooling the respiratory rate and 
volume decreased proportionately to the tempera- 
ture fall. It is of interest to note, however, that 
greater than normal rates and volumes of respira- 
tion persisted even after the conclusion of the cool- 
ing period and the return of body temperature to 
control levels. This effect may have been due to 
the greater rate of destruction of the anesthetic 
agent during the febrile period and a consequent 
heightened activity of the respiratory center. In 
the control series no significant changes were 
noted. 

Differences in the respiratory response were 
noted, depending on the type of heating used. 
With radiant heat the respirations were regular 
and only slightly decreased in depth. When the 
fever was produced with short wave diathermy, 
respirations became shallow and grossly irregu- 
lar. The hyperpnea was probably due to the in- 
creased CO„ production in the tissues, the in- 
creased activity of the respiratory center itself, 
and the initiation of thermolytic reflexes. It has 
been reported that extreme tachypnea and shallow 
respiration may seriously interfere with the ex- 
change of alveolar air, and thus decrease the arte- 
rial oxygen content (3, 5). However, the slope 
of the oxygen consumption curve in our experi- 
ments indicated that the diffusion of oxygen in the 
lungs was not impaired when radiant heat was 
employed. With diathermy, the slope of the 
curve was highly irregular. It was because of this 


TABLE I 

Oxygen conienl of arterial and venous blood {volume per cent) 


Body 

tempera- 

ture 

Dog no. HI 

Dog no. H2 

Dog no. H3 

Dog no. H4 

Dog no. HS 

Dog no. H6 

Art. 

Ven. 

Art. 

Ven. 

Art. 

Ven. 

An. 

Ven. 

Art. 

Ven. 

Art. 

Ven. 

^ C. 

36 



12.6 

6.3 

_ 


24.1 

20.8 





37 

20.6 

13.6 

— 

— 

— 

7.5 

25.1 

16.2 

— 

• 




38 


— 

11.6 

3 

12.8 

23 

8 




14.9 

12.1 

39 

19.7 

10.4 

11.7 

2.4 

13 

5.5 

! 15.5 

11 

16 

12 

41 

19 

8 

12 

2 

12 

2.7 

24.5 

9.6 

19.4 

6.3 

16.2 

11.4 

42 

19.7 

5.7 

12 

1.9 

12.1 

— 

25.3 

10.1 

— 

— 

16 

10 

40 

19 

8.7 

— 

— 

13 

5 

24.8 

6.3 

20.3 

7 

16.4 

8.7 

39 


— 

— 

— 

— 

6.0 

— 

— 




38 

18.9 

8.7 

— 

— 

12.7 

24.6 

— 

20 

4.6 

15.4 

7.9 

37 


— — 





3.2 



— 


Art. = arterial. 
Ven. == venous. 
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irregularity that the results obtained with dia- 
thermy were not treated in the present study. 

The arterial oxygen content varied only slightly 
during our experiments with an average decrease 
of 0.8 vol.%. The large difference in dog H5 
(Table I) was associated with a simultaneous in- 
crease in hematocrit. No significant changes were 
noted in the control series. Others have reported 
decreases in arterial oxygen content during hy- 
perpyrexia (3, 6) with a relatively greater de- 
crease in venous blood oxygen content (3). 

The effect of hyperpnea on the CO^ content of 
the arterial and venous blood should be empha- 
sized. Figure 2 shows that as the respiratory rate 
incfeased, the COo content of the arterial blood 
decreased. The curve for venous blood is similar 
to that of arterial blood but shifted to the right. 
The primacy of the thermolytic mechanism which 
is effected chiefly by panting in the dog is seen by 
the marked reduction of blood COj and the conse- 
quent alkalotic tendency. Despite this tendency to 
alkalosis, the respiratory rate continued at high 
levels. 

Arteriovenous oxygen difference 

The oxygen content of the arterial and venous 
bloods is given in Table I. It can be seen from 



35 


40 


o £0 25 

COj—CC. VOLUMES X 


-I 

45 


Fig. 2. A Graph Showing the Relationship be- 
tween THE Body Temperature, Respiratory Rate, axd 
the Carbon Dioxide Content (Vols.%) of Arterial 
and Venous Blood during the Warming Period from 
TO 42° C 

T represents temperature. 


it that the utilization of oxygen increased pro- 
portionately to the rise in body temperature de- 
spite the progressively reduced cardiac output 
(Figure 1). The average arteriovenous oxygen 
difference was 6.1 vol.% at 36° to 38° C and in- 
creased to 11.3 vol.% at 42° C, remaining high in 
some instances or even increasing during the re- 
cooling period. The increase in A-V oxygen dif- 
ference was relatively greater than the increase in 
oxygen consumption. These findings are in gen- 
eral agreement with those of Uyeno (3). 

Hematocrit 

Approximately 100 cc. of blood were removed 
and replaced by isotonic saline solution during 
each experiment. Hematocrits of arterial blood 
samples showed no consistent trends. During 
fever it has been reported (7) that there is usu- 
ally an initial hemodilution with increased blood 
volume. 

Cardiac output 

Two of the most important factors which must 
be assayed in order to understand the circulatory 
’ changes which occur during exposure to radiant 
heat include the simultaneous measurement of the 
cardiac output and the blood pressure. In our 
experiments the cardiac output decreased con- 
sistently with fever (Table II) in all but two ani- 
mals in which a transient rise occurred at the be- 
ginning of the warming period. The output be- 
gan to decrease early or immediately after the 
heat was applied. In the two dogs H2 and H4, the 
cardiac output decreased markedly while the tem- 
perature was rising from 36° to 38° C (from 
1396 to 821 cc., and from 1300 to 712 cc./min., 
respectively). The relatively greater increase in 
the arteriovenous oxygen difference compared to 

TABLE II 

Cardiac output cc./k^.lmin. and body Icmperalurc 


Dog 

no. 


HI 

H2 

H3 

H4 

HS 

H6 


Body temperature (° C.) 


36 

37 

38 

39 

41 

42 

40 

39 

33 

37 

— 

78 

— 

95 

77 

64 

54 



53 



89 

52 

64 

— 

— 

57 

died at 










43° C. 





— 

136 

82 

86 

— 

85 

— 

77 

— 

111 

64 

— 

41 

49 

50 

— 

20 

— 

12 

— 

— 

— 

74 

33 

— 

29 

— 

16 





344 

166 

163 

129 

81 

— 

75 
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that of the oxygen consumption accounted for the 
decreased cardiac output which occurred in the 
face of increases in oxygen consumption and pulse 
rate. 

Electrocardiographic studies (2, 8) and the 
transitory character of the changes during fever 
suggest that the conduction system of the heart is 
apparently not damaged in short-lasting fever. 
We may therefore assume that the changes in car- 
diac output during fever were determined pri- 
marily by a decreased venous return rather than 
by cardiogenic factors. The decreased venous re- 
turn is probably an early result of redistribution 
of blood which may later be accentuated by the 
markedly reduced blood volume resulting from the 
fluid loss consequent to heating. Some decrease 
in cardiac output was noted in the controls due 
partly to the anesthetic and partly, perhaps, to 
the spontaneous fall in body temperature of one 
to two degrees (1). 

During recooling the cardiac output continued 
to decrease significantly, even after body tempera- 
ture had fallen to control levels (Table II). This 
would suggest that the febrile period sets up 
mechanisms which reduce the cardiac output, and 
that these mechanisms may persist for a time after 
the cessation of the heating period. 

Blood pressure 

Blood pressure changes seen during the induced 
fever were variable (Figure 1). In four dogs an 
initial and progressive fall occurred. In one, no 
change in pressure occurred and in one there was 
an initial rise followed by a fall. The greatest fall 
in pressure was 57% of the original level. In two 
of the three dogs heated with short wave diathermy 
the blood pressure tended to rise and then re- 
mained at 'the higher levels, findings similar to 
those reported by Wiggers and Orias (9). 

Since the blood pressure is the resultant of a 
number of factors, the effect of heating on each of 
them must be considered in the interpretation of 
results. Among the more important are the de- 
creased cardiac output, an increase in the vascular 
bed due to vasodilation in various portions of the 
body, and neurogenic factors which tend to in- 
crease the peripheral resistance and thus maintain 
the blood pressure. The apparent contradiction 
in the latter two factors may be resolved on the 


basis of regional differences in vascular tone. 
This mechanism deserves further analysis. In 
the control series, a slight decrease in blood pres- 
sure occurred probably due to the anesthetic and 
to the spontaneous fall in body temperature (1). 

Pulse rate 

A close correlation between body temperature 
and pulse rate has been shown (2), Acceleration 
of the pulse rate is effected by the direct action of 
the increased temperature on the sinus node which 
remains the pacemaker even during very rapid 
rates (10). The rate increases as much as 92 
beats per minute at 42° C, averaging 39 (Figure 
1). No significant changes were noted in the con- 
trol series. An acceleration of the pulse rate is 
obviously not necessarily associated with an in- 
crease in cardiac output since other factors play 
more dominant roles (11). 

I niracardiac pressures 

The pressure in the right auricle was measured 
in four dogs and showed steady and substantial de- 
creases (Figure 1). The pressures continued to 
fall during the cooling period and at the end of 
the experiments were as low as 4 cm. saline below 
the control levels. Large variations in both di- 
rections were seen in the pulmonary arterial pres- 
sure in both the heated and control series. The 
changes in the right auricular pressures in the 
control group were inconstant, varying only 
slightl}'^ from control levels. 

DISCUSSION 

The data collected during our experiments 
represent an analysis of the circulatory responses 
to exposure to an intense radiant heat. The 
mechanism of the rise in body temperature induced 
by exposure to radiant heat is essentially that of 
a prevention of heat loss (12). There is no doubt 
that adaptation will be different following ex- 
posure to different types of heat.. 

The generalized application of intense radiant 
heat was followed shortly by a progressive fall in 
cardiac output, regardless of the elevated body 
temperature, oxygen consumption and the heart 
rate. It has too often been assumed that cardiac 
output invariably increases during fever (2, 10). 
While the output may increase in certain circum- 
stances (3, 4, 6) recent ballistocardiographic stud- 
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ies have failed to demonstrate an increase during 
fever (13) and others have suggested that the out- 
put may be reduced in hyperthermic states (9, 
14). Our results demonstrate that in induced 
fever due to radiant heat, the cardiac output is 
usually diminished and that this is a dominant 
factor in the ensuing circulatory changes. 

In hyperthermia produced by high external 
temperature, marked vasodilatation occurs in the 
cutaneous and other vascular beds (2). Large 
amounts of blood may therefore be shifted to the 
periphery, resulting in a decreased volume of blood 
available for venous return to the heart. This is 
indicated by the falling venous pressure which we 
observed in our hyperthermic animals. The in- 
creased respiratory activity associated with an 
excessive internal temperature and the loss of 
body fluids both contribute to decrease further the 
effective blood volume. These changes also lead 
to a reduction in venous return and so to a further 
reduction in cardiac output, ih proportion to the 
duration and intensity of exposure to radiant heat. 

Many explanations have been advanced to ex- 
plain the circulatory collapse in heat stroke and 
these have been reviewed recently by Daily and 
Harrison (4). These include hemoconcentra- 
tion, reduction of blood volume, increased intra- 
capillary pressure resulting in increased fluid 
transudation and cardiogenic vascular collapse. 
Wiggers and Orias (9) have demonstrated a re- 
duction in systolic discharge and a decrease in the 
force 'of ventricular contraction when the body 
temperature rises above 41° C due to exposure to 
radiant heat. Our results suggest that the normal 
heart is not significantly injured by hyperpy- 
rexia and appears to be able to cope adequately' 
with the venous return from the periphery. 

Previous experiments in this laboratory (1) 
have re-emphasized that both man and animals 
may undergo prolonged exposure to cold with re- 
duction in body temperature as great as 12° C in 
the dog, with complete recovery in most instances 
following rewarming. Tolerance to elevated body 
temperature is therefore considerably less than 
tolerance to cooling. Thus, in the dog, survival 
after a rise in temperature of 5° C will be rare 
and even lesser elevations of body temperature 
may be sufficient to embarrass the cardiovascular 
system. 


When the febrile animal was permitted to lose 
heat, the body temperature rapidly returned to 
normal but the cardiac output continued to de- 
crease. Evidently mechanisms initiated during 
the hyperthermic phase which reduced the cardiac 
output persisted during the phase of return to 
normal body temperature. Rational therapy 
should therefore be directed to measures which 
would increase the cardiac output to normal values 
during the cooling phase. Simple reduction of the 
body temperature to normal obviously would be 
inadequate since the cardiac output remains mark- 
edly reduced and peripheral circulatory failure may 
result in death. 

SUMMARY 

The changes in the cardiovascular system were 
studied in anesthetized dogs during acute hyper- 
thermia induced by intense radiant heat and dur- 
ing the return of body temperature from 42° C to 
normal. 

During the warming period the oxygen con- 
sumption increased markedly, rising to about 
150% of normal at 42° C. The cardiac output 
was progressively reduced. As a consequence the 
arteriovenous oxygen difference was increased. 
The blood pressure was maintained at relatively 
normal levels in the face of an apparent increase 
in the capacity of the vascular bed and a coincident 
decreased cardiac output, indicating an active 
vasoconstriction process. The heart rate increased 
progressively with hyperthermia and the right 
auricular pressure tended to fall. 

During the recooling period the oxygen con- 
sumption, respiratory rate and heart rate re- 
turned toward normal levels. The cardiac output 
and right auricular pressure continued to decline 
significantly even after the body temperature had 
returned to control levels. The blood pressure 
was maintained in most of the animals. No sig- 
nificant changes were found in the pulmonary ar- 
terial pressure. 

During hyperthennia the heart appears to be 
able to cope with the venous return. Our e,x- 
periments therefore suggest that the circulatory 
changes occurring in acute hyperthermia depend 
upon (1) an increased demand for blood by the 
tissues which leads to (2) an increase in the vol- 
ume of the vascular bed. Since ( 3 ) the circulat- 
ing blood volume and venous return do not in- 
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crease proportionately and may even decrease, a 
marked reduction in cardiac output occurs. ( 4 ) 
If the blood pressure and the circulation are to be 
maintained vasoconstriction must occur. Failure 
of the vasomotor centers to compensate for the 
progressively reduced cardiac output prepares the 
ground for peripheral vascular collapse. 
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Evidence is accumulating that influenza virus 
plays a role in the etiology of certain pneumonias 
generally considered to be primarily bacterial in 
origin. The earliest recorded observations (1, 2) 
describe influenza as a mild self-limited disease of 
the upper respiratory tract which progressed oc- 
casionally in certain individuals to produce more 
serious symptoms involving the pulmonary tissue. 
Soon after the discovery of bacteria, clinicians (3) 
pointed out that pneumonia caused by strepto- 
cocci, staphylococci and pneumococci often fol- 
lowed symptoms of influenza. 

During the pandemic of 1918 influenza was fre- 
quently complicated by bacterial pneumonia. Cer- 
tain investigators (4, 5) believed that the primary 
disease was of unknown virus etiology and that 
the pulmonary involvement was a manifestation 
of the secondary invasion of the respiratory tissues 
by pathogenic organisms. 

Epidemiological data (6-10) show a significant 
increase in pneumonia deaths accompanying and 
following epidemics of clinical influenza. Other 
similar data (11, 12) indicate that localized epi- 
demics of pneumococcus pneumonia have been as- 
sociated with outbreaks of clinical influenza. 

Laboratory evidence (13-22) on clinical cases 
of bacterial pneumonia in man and experiments 
on laboratory animals (23-28) during the past 
decade have further supported these observations. 

The studies reported herein show that there was 
a simultaneous infection with pneumococci and in- 
fluenza virus in about one-half of the human cases 
of lobar pneumonia studied during an influenza 
epidemic. Such mixed infections were also ob- 
served during interepidemic periods. 

^ This study was supported in part by a grant from 
the Division of Research Grants and Fellowships, Na- 
tional Institutes of Health, U. S. P. H. S., Bethesda, Md. 

Read in part at the annual meeting of the American 
ociety for Clinical Investigation, May 3, 1948. 


MATERIAL AND METHODS 
Source and preservation of specimens 
Sputum: Specimens of sputum were obtained from 69 
cases of bacterial pneumonia admitted to hospitals in the 
Baltimore area between November 30, 1946 and August 
5, 1947. The group included 61 cases of pneumococcal 
pneumonia, three cases of pneumonia due to Fried- 
lander’s bacillus, and five cases which were diagnosed 
clinically as bacterial pneumonia but in which the causa- 
tive organism was not identified. Sixty-four were clini- 
cally lobar pneumonia and five were broncho-pneumonia. 
Sixty-two of the specimens were from the Osier Medical 
Clinic of The Johns Hopkins Hospital. These cases are 
believed to represent an unselected sample of the 75 
cases of bacterial pneumonia which hospital records show 
were admitted to the Osier Clinic during this period. 
The other seven specimens were obtained from either 
Sinai Ho.spital or from the Veteran’s Hospital, Fort 
Howard, Maryland. 

Thirty-six of the 69 cases (52 per cent) occurred 
during March and April 1947, when influenza "A” was 
known to be prevalent in the community as indicated by 
an increase in upper respiratory disease and by the fre- 
quent isolation of influenza virus. The occurrence of 
this outbreak afforded the opportunity to classify the 
cases into two groups (J) interepidemic, those occurring 
before and after March and April 1947, and (2) epi- 
demic, those occurring during March and April. This 
classification with respect to the influenza epidemic is 
used throughout this report. 

The sputa were mixed with beef heart infusion broth, 
pH 7.4, and were either inoculated immediately into em- 
bryonated hen’s eggs or were frozen in sealed glass 
ampoules and stored at — 20° C until they could be 
examined for the presence of influenza virus. The maxi- 
mum period of storage was approximately four months. 

Acute and convalescent sera: Acute and convalescent 
blood specimens were obtained from 53 of the 69 patients. 
The acute specimens were collected soon after admission 
to the hospital, and the convalescent specimens were 
secured just prior to discharge, approximately six to ten 
days later. A third specimen was collected about five 
months later from 25 of the cases. Scrum from these 
specimens was inactivated by heating for 30 minutes at 
56° C, frozen in rubber stoppered glass ampoules and 
stored at —20° C until it could be examined by the red 
cell agglutination-inhibition technique for antibody activ- 
ity against ^-arious known strains of influenza virus. 
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Autopsy material: Specimens of lung and bronchus 
were obtained at autopsy' from 86 persons dying in Balti- 
more 2 between December 1946 and October 1947. In 
addition one specimen was obtained from a person dying 
of pneumonia in May 1946. Of the 87 specimens, nine 
were from persons in whom death was believed to be 
due directly and primarily to pneumonia, 28 were from 
persons with pneumonia which was believed to be sec- 
ondary to some other condition, and SO were from per- 
sons who had no evidence of pneumonia. Classification 
was made on the basis of clinical and pathological data 
in the hospital and autopsy records. The group whose 
death was believed to be due primarily to pneumonia 
includes six cases of pneumococcal pneumonia and three 
cases which may not have been bacterial in origin since 
the causative organism was not identified. The group of 
secondary pneumonia consists of terminal or aspiration 
pneumonias and pneumonias first detected at autopsy. 
The third group includes only cases in which there was 
neither clinical nor pathological evidence of pulmonary 
pneumonia. 

A 25 per cent suspension of the lung and bronchial 
tissue was made by emulsification with beef heart infu- 
sion broth in a Waring blender. The suspension was 
centrifuged to remove large particles of tissue and the 
supernatant was stored at —20° C in sealed glass am- 
poules until it could be examined for the presence of 
influenza virus. The maximum period of storage was 
approximately six months. 

Virus isolation 

Both sputum and lung specimens were examined for 
influenza virus by the same technique. Five hundred 
units of penicillin and 5000 ng. of streptomycin were 
added to each milligram of the specimen and about 0.4 
ml. of this mixture was inoculated into the amniotic sac 
(29) of 12 or 13 day old chick embryos. Ten embryos 
per specimen were used for the first egg passage and 
six for each additional passage. 

The embryos were incubated at 35° C for four days. 
On the fourth day amniotic fluid and embryos were 
harvested. The amniotic fluid was tested for the pres- 
ence of influenza virus by the pattern agglutination tech- 
nique (30) using chick and guinea pig red blood cells. 
If the fluid was negative by this test the lungs and 
tracheas of the embryos were removed and ground in a 
mortar with the homologous amniotic fluid. Penicillin 
and streptomycin were added to the mixture and this 
material was passed amniotically to 12 or 13 day old 
embryos. Three egg passages were carried out before 
a specimen was considered negative. 

In an attempt to detect possible laboratory cross infec- 
tion six embryos were inoculated with sterile broth at 
the same time each group of specimens was examined. 
The broth control was carried along with the specimens 
through three egg passages of six embryos each. 

3 All autopsy specimens were obtained through the 
\ Department of Pathology of The Johns Hopkins Hos- 
pital and Medical School. 


Identification of viruses 

Amniotic fluids which gave positive tests by the pat- 
tern technique referred to above were inoculated into the 
allantoic sac of 10 or 11 day old chick . embryos. In- 
oculated embryos were incubated for two days at 35° C, 
chilled overnight at 4° C, and the allantoic fluid har- 
vested. Serial passage by the allantoic route was con- 
tinued until allantoic fluid with a sufficient concentration 
of virus could be obtained for identification by the hemag- 
glutination-inhibition test (31). A suitable antigen was 
usually obtained by the fourth egg passage. 

Known influenza immune sera used in identification of 
viruses were prepared by subcutaneous inoculation of 
chickens with the following strains of influenza virus: 
the PR8 strain of influenza A, the Lee strain of influ- 
enza B, a strain of influenza A (F47A7) * isolated from 
an uncomplicated case of influenza during the 1947 epi- 
demic in Baltimore, a strain of influenza A (P47A7) 
isolated from the lungs of a case of pneumonia in 
January 1947, and a strain of swine influenza virus. 

Some of the strains, particularly those isolated during 
March and April 1947, proved difficult to identify as 
either A or B using this technique. Three of these 
strains (P47A2, P47A7, P47A8) were selected for fur- 
ther study employing acute and convalescent sera from 
cases of influenza occurring during three different epi- 
demics: the 1943 influenza A epidemic,® the 1945 influ- 
enza B epidemic, and the 1947 influenza epidemic during 
which two of the three strains were isolated. 

Serological tests 

Serum was tested by the hemagglutination-inhibition 
technique (31) using known strains of influenza virus as 
antigen. The strains of influenza virus routinely used as 
antigen in these tests were the PR8 strain of influenza 
A, the Lee strain of influenza B, two recently isolated 
strains of influenza A (one [P47A2] from a fatal case 
of pneumonia occurring in January 1947 and one [F47A7] 
from an uncomplicated case of influenza in March 1947), 
a strain of influenza B (P47B2) from a case of pneu- 
monia in January 1947, and a strain of swine influenza.® 
In order to rule out the effects of variations in antigen 
concentration and variation in red cells used from time 
to time, all sera whose titers were to be compared were 
tested simultaneously. 

^ The method of strain designation for influenza virus 
isolated in this laboratory is as follows: The first letter 
stands for the disease from which the virus was isolated 
(F= uncomplicated influenza; P = pneumonia) . The 
first two numbers represent the year of isolation. The 
second letter refers to the type of influenza virus (A = 
influenza A; B = influenza B). The last number is the 
order of isolation in the laboratory. Thus F47A7 is 
the seventh strain of influenza isolated in this laboratory 
in 1947 from uncomplicated influenza. 

® These sera were obtained through the courtesy of 
Dr. Thomas Francis, Jr., Ann Arbor, Michigan. 

® Dr. Richard Shope, Princeton, New Jersey, kindly 
furnished his Strain 15. 
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TABLE I 


Influenza virus isolation and serological data on specimens collected from clinical cases of bacterial pneumonia 
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37 

36 
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On the basis of serological results using the six anti- 
gens above, the cases of pneumonia were divided into 
four categories: 

(J) Those in which the convalescent specii^en when 
compared with the acute specimen showed a three-fold 
or more increase in titer to at least one of the strains 
of influenza A, but not to either strain of influenza B 
used as antigen. 

(2) Those in which the convalescent specimen showed 
less than a three-fold increase in titer but in which the 
third specimen when compared with the convalescent 
specimen showed a four-fold or greater decrease in titer 
to at least one of the strains of influenza A, but not to 
either strain of influenza B. 

(2) Those in which the third specimen when compared 
with the convalescent specimen showed at least a four- 
fold decrease in titer to both influenza A and influenza B 
antigens. 

(4) Those in which there was neither a three-fold 
increase nor a four-fold decrease in titer to any of the 
antigens used in the test. 

Since no specific increases or decreases in titer were 
obtained with the influenza B antigens it is not necessary 
to include these categories. 

The cases in Group 2 were classified as pneumonia 
with positive serological evidence of recent or concomi- 
tant infection with influenza A. Specific decrease in 
ttter over a period of months has previously been used 
(15) as the basis for serodiagnosis of, infection with 
influenza virus, but the procedure is not so well estab- 
lished as that of diagnosis on the basis of specific in- 
creases in titer over a short period of time from the 
acute stage of the disease to early convalescence. In this 
laboratory it was observed that in a number of instances 
the convalescent specimen when compared with the acute 
specimen showed a non-specific decrease in titer to all 
the antigens employed in the test. Sometimes as much 
as a three- or four -fold decrease was noted. The cause 
of this non-specific decrease is entirely unknown. Since 
such a decrease would tend to mask specific increases in 
titer it would not give false positive results in category 
number 1. ft would, however, tend to magnify specific 

ecreascs in titer if the third specimen were compared 
with the acute specimen. For this reason in making 
positive diagnoses on the basis of decreases in titer, the 
t ird specimen was always compared with the second, or 
witi the convalescent specimen rather than with the 
a«tc specimen. Because of the uncertainties involved in 

lagnosis on the basis of specific decreases in titer over 


a period of several months it was felt that only four-fold 
or greater decreases should be considered as serological 
evidence of infection with influenza virus. 

The cases in Group 3 were classified as pneumonia 
with doubtful serological evidence of infection with in- 
fluenza virus. Only two cases fell in this group. The 
significance of these doubtful results is difficult to deter- 
mine. They may represent inherent inaccuracies in the 
test or they may be the result of anamnestic reactions. 
On the other hand, they may be indicative of actual 
infection with influenza virus. In the latter case their 
nonspecific nature might be explained either on the basis 
of infection with a strain of influenza virus with broad 
antigenic characteristics or on the basis of infection with 
more than one strain of influenza virus during the inter- 
val of several months. 

The cases in Group 4 were classified as pneumonia 
with no serological evidence of infection with influenza 
virus. 

RESULTS 

Clinical cases oj bacterial pneumonia 
Isolation of virus 

The results of both virus isolation and sero- 
logical studies in the 69 cases of bacterial pneu- 
monia investigated are shown in Table I. 

Of the 33 specimens collected during the inter- 
epidemic period only one was positive by virus 
isolation. This was a specimen of sputum obtained 
on the fifth day o.f disease from a case of T}T)e I 
pneumococcal lobar pneumonia occurring in Jan- 
uary 1947. A strain of influenza B (P47B2) was 
isolated from this sputum on the first egg passage. 
Influenza virus was not isolated from a second 
sputum obtained on the seventh da}' of disease. 
On retesting the original sputum which had been 
stored at — 20° C for two weeks influenza B was 
again isolated on the first egg passage. The other 
strain of influenza B (P47B1) was isolated from 
the lungs of a fatal case of pneumonia which also 
occurred in January of 1947. This case will be dis- 
cussed later. During the interval between De- 
cember 1945, at which time there was an epidemic 
of influenza B in Baltimore, and the time of isola- 
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TABLE 11 -• , 

Day of Hscaae m -.hick dUM a„i ‘"'te T H,a flT 

isolated from clinical eases of bacteria! pneumonia <iuate ror tlie following reasons : 


D.iy of disease 

Number of specimens 

IiUer- 

cpidemic 
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Positive 

for 

iufJticnza 

Kpidcmic 

period 

Positive 

for 

influenza 

1-4 

21 


20 

7 

5-9 

9 , 

1 

12 

5 

10 and over 

3 


3 

] 

Unknown 



1 


Total 

33 

1 

36 

t3 


tion of these two strains of influenza B, approxi- 
mately 100 specimens of nasal washings from per- 
sons with upper respiratory infections had been 
inoculated into chick embryos. In no instance was 
influenza virus detected. 

Influenza virus was isolated from 13 of the 36 
cases of bacterial pneumonia which occurred dur- 
ing the influenza epidemic in March and April, 
1947. The cases from which these strains of virus 
were isolated were all classified as pneumococcal 
pneumonia. Two were bronchopneumonia and 
the others were lobar pneumonia. Six were shown 
to be due to Type I, two to Type XXV, one to 
Type II, one to Type IV, and two to untyped 
pneumococci. Both Type IV and Type XXII 
were present in the sputum in one case. In these 
13 positive cases sputum specimens were obtained 
from the first to the 20th day after the onset of 
clinical symptoms of pneumonia (see Table II). 

In this small series of cases there is no correla- 
tion between day of disease and ability to isolate 
virus from sputum. The fact that virus was iso- 
lated from six specimens on or after the fifth day 
of pneumonia is somewhat surprising because it is 
generally believed that the virus is demonstrable in 
nasal or throat washings from uncomplicated in- 
fluenza only early in the disease. 

The isolation of influenza virus beyond the ex- 
pected time in these complicated cases of mixed 
virus and bacterial infection may be explained on 
the basis that the virus in conjunction with the 
pathogenic bacterium descends to the lower re- 
spiratory tract, persists and probably multiplies in 
the respiratory epithelium of the bronchial tree 
longer than it ordinarily persists in the epithelial 
cells of the upper respiratory tract. 

Appropriate precautions were taken to prevent 
laboratory cros.s infections leading to false posi- 


of the 13 strains isolated during the in- 
fluenza epidemic were found to be similar to strains 
of influenza A isolated from uncomplicated cases 
of influenza occurring in Baltimore during the 
same period. 

(2) In each case the influenza virus was isolated 
on the first egg passage. 

(i) All of the strains upon original isolation 
showed certain characteristics of the “O” type 
virus (32) in that they had a much higher ag- 
glutinating titer for guinea pig red blood cells than 
for chicken red blood cells. 

(4) Twelve of the positive sputa were retested 
after they had been stored at - 20° C for approxi- 
mately eight months. Virus was again isolated 
on the first egg passage from 11 of these. The 
12th sputum was negative after two egg pas- 
sages. It is believed that the long period of stor- 
age, during which time the specimens were al- 
lowed to thaw and refreeze at least once, might 
well account for the failure to reisolate influenza 
virus from^ this one case. The possibility that the 
first -isolation of influenza virus from this sputum 
might have resulted from a laboratory cross infec- 
tion must be considered. However, on original iso- 
lation this strain showed “O” characteristics, which 
usually do not persist beyond the first passage. 
Unfortunately, no second serum was obtained from 
this individual so that a confirmatory serological 
diagnosis could not be made. 

_ (5) None of the 18 broth controls which were 
inoculated and passed in a manner similar to the 
sputum specimens was ever- shown to be contami- 
nated with virus. 

_ (<5) All strains gave low hemagglutination titers 
in the early egg passages which increased for five 
to six passages. 

Serological studies 

Arale and convalescent serum specimens were 
obtamed from 22 of the 33 cases which occurred in 
the .nterepriemic periods. A third specimen was 
obtained from 10 of these. There were no posi- 
tive serological results in this group. The three 
specimens of serum obtained from the one case 
which was positive by virus isolation gave nega- 
tive results by all serological tests including The 
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test in which the homologous virus was used as 
antigen. This may be an indication that the in- 
fluenza virus played no part in this particular pa- 
tient’s illness. However, it has been noted that a 
certain proportion of persons who have clinical in- 
fluenza during proved influenza epidemics fail to 
show an antibody response (33-38). In this con- 
nection it is interesting to note that of 45 cases of 
uncomplicated influenza occurring during the 1947 
epidemic from which virus was actuall}' isolated, 
only 21 (39) showed a significant increase in titer 
when tested by the agglutination-inhibition tech- 
nique. Therefore, it seems reasonable to believe 
that the influenza B virus might have played a part 
in the disease process even though it caused no 
increase in serum antibody content as measured by 
the hemagglutination-inhibition test. 

There were two doubtful results obtained on the 
specimens in the interepidemic group. A case of 
clinical lobar pneumonia of undetermined cause, 
which occurred in February 1947, was tested sero- 
logically five months later and showed a four-fold 
decrease in titer to a current strain of influenza A 
as well as a six-fold decrease in titer to the Lee 
strain of influenza B. Another case of lobar pneu- 
monia believed to be due to Type VIII pneumo- 
coccus, which occurred in July 1947, showed a de- 
crease in titer to both influenza A and influenza B 
antigens after a period of three months. 

Acute and convalescent serum specimens were 
obtained from 33 of the 36 cases which occurred 
during the 1947 epidemic of influenza A. A third 
specimen was obtained from IS of these. Twelve 
positive serological results were obtained in these 
cases, 10 falling into Group 1 as described above, 
and two into Group 2. Of the 10 cases in which 
the convalescent specimen showed at least a three- 
fold increase to influenza A antigens seven were 
also positive by virus isolation. As previously 
stated these seven cases were pneumococcal pneu- 
monia due to various types of pneumococci. The 
other three were also due to pneumococci. All 
three were classified clinically as lobar pneumonia. 
One was due to Type I and one to Type II, Both 
Type III and Type XI were present in the sputum 
of the third case. Of the two cases diagnosed sero- 
logicall)’ on the basis of a specific four-fold de- 
crease, one was also positive by virus isolation. 
Both these cases were pneumococcal lobar pneu- 
monia, Type I. 


No doubtful results were obtained in the epi- 
demic group. Twenty-three specimens, including 
three which were positive by virus isolation, were 
negative serologically. 

Of the four strains of influenza A routine^ used 
as antigen in the agglutination-inhibition test by 
far the greatest number of positive results were 
obtained with P47A2, a strain of influenza A iso- 
lated from the lungs of a fatal case of pneumonia 
which occurred in February 1947. Nine of the 
ten cases which fell into the first group of sero- 
logical positives showed a three-fold or more in- 
crease in titer with this antigen. Seven of the ten 
were positive with F47A7, a strain of influenza A 
isolated from a clinical case of influenza in March 
1947 and chosen in this laboratory as the refer- 
ence 1947 influenza A strain. Only two of the ten 
showed a three-fold or more increase to PR8, and 
one showed a significant increase with a strain of 
swine influenza virus. Table III shows the re- 
sults of ten serologically positive cases with the 
four influenza A antigens. 

In summary, of the 33 cases in the interepidemic 
periods one was positive by virus isolation and 
none was positive by serological methods. Of the 
36 cases in the epidemic period 13, or 36 per cent, 
were positive by virus isolation. Eight of these 
13 were also positive by serological tests. In ad- 
dition to these eight, four cases were positive by 
serological results but negative by virus isolation. 
Thus, a total of 17 cases, or 47 per cent of those 
occurring during the influenza epidemic, gave posi- 


TABLE in 


Ratio of convalescent serum titer to acute serum tiler uiith four 
different influenza A antigens in cases of bacterial 
pneumonia with serological evidence of 
concurrent influenza virus infection 


Specimen number 


Convalescent titer/acute titer with 
various antigens 



PR8 

Swine 

F47A7 

P47A2 

367 

6.1 

4.3 

3.0 

3.0 

388 

13.0 

2.1 

21.0 

40.0 

390 

2.0 i 

0.6 

4.6 

10.0 

396 

2.3 

1.5 

7.0 

10.0 

406 

2.6 

— 

1.4 

12.0 

413 

0.6 

0.5 

5.2 

3.0 

424 

1.1 

0.7 

0.9 

773 

427 

0.8 

0.4 

2.0 

8.0 

434 

2.5 

2.3 

3.2 

3.3 

435 

0.7 

0.4 

3.0 

0.6 

Total positive 

2 

I 

1 

7 

9 
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tive evidence of the presence of influenza virus as- 
sociated with lobar pneumonia. All of these 17 
cases were pneumococcal pneumonia. Eight were 
classified as Type I, two as Type XXV and one 
each as Types 11, IV and XXII. ' Both Types 
III and XI were present in the sputum of one and 
Types IV and XXII in the sputum of another. 
Two cases were due to pneumococci whose type 
was not determined. 

Virus isolation from autopsy material 

The results of virus isolation from autopsy ma- 
terial are shown in Table IV. 

TABLE IV 

Influenza virus isolations from specimens of lung and 
bronchus obtained at autopsy from patients with 
pneumonia and with no pneumonia 


Classification 

Epidemic 

period 

i 

Intcr- 

epidemic 

period 

Total 

No. 

cases 

No. 

pos. 

No. 1 
cases 

1 

No. 

pos. 

No. 

cases 

No. 

pos. 

Primary pneumonia 

2 

0 

7 

2 

9 

2 

Secondary pneumonia 

7 

0 

21 

2 

28 

2 

No pneumonia 

26 

0 

24 

0 

SO 

0 


Influenza virus was isolated from two of the 
nine fatal cases classified as primary pneumonia. 
Both pneumococcus Type II and a strain of in- 
fluenza A were isolated from the lungs of one of 
these cases (P46A1) which occurred in May 1946. 
In order to determine the quantity of virus present 
in the lungs of this case, titrations were made by 
inoculating chick embryos both by the allantoic 
route and by the amniotic route. The dose which 
would infect 50 per cent of the embryos inoculated 
was calculated using the method proposed by Reed 
and Muench (40). The EIDgo for 11 day chick 
embryos inoculated via the allantoic route was 
lO*’’-®. For 13 day embryos inoculated by the 
amniotic method an EIDgo of 10“® ® was obtained. 
These data indicate that virus was present in large 
quantities. 

At the time of occurrence of this case, clinical 
and epidemiological evidence indicated that influ- 
enza A had not been prevalent in Baltimore for 2% 
years and laboratory studies on upper respiratory 
disease for at least six months prior to the case 
had not disclosed influenza A in the population. 


In Jaunary, 1947, in Baltimore, one year after 
the last known clinical case of influenza B, a strain 
of influenza B was isolated from the lungs of an- 
other fatal case of pneumonia (P47B1) and pneu- 
mococcus Type XI was isolated from the tracheal 
exudate three days before death. 

The clinical and pathological aspects of these 
two cases will be discussed in another paper (41). 

Influenza virus was isolated from the lungs of 
two of the 28 cases classified as secondary pneu- 
monia. Both of the cases occurred early in Feb- 
ruary, just one month prior to the influenza A epi- 
demic in Baltimore. One of the two strains 
(P47A1) of virus isolated was similar to strains 
isolated from clinical cases of influenza A during 
the epidemic. The other strain (P47A2) was 
also influenza A but it differed antigenically from 
the epidemic strain. 

Lack of data makes it impossible to determine 
the exact nature of the pulmonary involvement of 
these two cases. There is, however, evidence in 
both cases which indicates that there was some pul- 
monary involvement. Since these cases will not be 
included in the subsequent paper a brief resume 
of the clinical and pathological data is given here. 

One of the patients (P47A1 ), a colored male 14 
months old, entered Sydenham Hospital with a 
diagnosis of chicken pox from the Harriet Lane 
Home of The Johns Hopkins Hospital. On ad- 
mission his temperature was 103, pulse 176 and 
respirations 44. The uvula, the tonsils and the 
posterior pharynx were injected. The lungs were 
clear. The patient was given penicillin. After 
four da 3 's the temperature was normal and the 
throat injection had subsided. A systolic murmur 
was present over the base of the heart. Subse- 
quently, this became more pronounced, spreading 
to the apex. On the ninth hospital day the pa- 
tient died. The final clinical diagnosis was heart 
failure of unknown etiology, healed varicella, otitis 
media, and acute pharj'ngitis. 

At autopsy wide-spread collapse in the posterior 
parts of both lungs was noted. There were small 
scattered areas of what appeared to be consolida- 
tion. The right auricle and ventricle were much 
enlarged. 

Sections of the lung showed a condition com- 
patible with chronic passive congestion. There 
were also small scattered foci of coagulative necro- 
sis. The fresher ones seemed to be composed of 
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fibrin, a few mononuclear cells and some hemor- 
rhage. The walls of the alveoli in these areas were 
necrotic. These lesions were said to be not unlike 
those previously observed (42) in a case of con- 
genital varicella. 

Unfortunately, no cultures were made from this 
lung and it is impossible to determine what part, 
if any, pathogenic organisms might have played in 
the disease process. It is also impossible to de- 
termine whether or not influenza virus itself played 
any part in the formation of the lung lesions found 
at autopsy. 

The other fatal case (P47A2) classified as sec- 
ondary pneumonia from which a strain of influ- 
enza A was isolated was a white male seven months 
old. This patient was referred to Sydenham Hos- 
pital with a diagnosis of bronchopneumonia of one 
day’s duration. He was dead . on arrival at the 
hospital. A cisternal tap showed cloudy fluid 
containing H. influenzae. The patient’s older 
brother who was brought to the hospital at the 
same time was subsequently shown to have had 
meningitis due to H. influenzae. 

At autopsy the lungs were found to be mostly 
air-containing. The pleural surfaces were smooth. 
The bronchial mucosa was covered by thin mucoid 


material. On section the cut surfaces of the lungs 
showed numerous grayish areas separated by 
areas of red. In some areas the foci of consolida- 
tion appeared to be around the walls of the small 
bronchi. 

Histological examination of these lungs failed 
to show any evidence of consolidation, bronchitis, 
or interstitial pneumonia. 

As in the previous case no cultures from the 
lungs were reported. A culture made in this lab- 
oratory revealed no significant pathogen but the 
plates were contaminated with a gram negative 
rod believed to be Aerobacter aerogenes. 

Titrations in chick embryos were made to de- 
termine the quantity of virus in this lung. The 
EID 50 was ICh- ® with 11 day embryos inoculated 
allantoically. This is a minimum figure since the 
titration was made after the specimen of lung had 
been stored for six months at — 20° C. During 
the storage period the specimen was known to have 
been thawed and refrozen at least once. The quan- 
tity of virus in the lung was therefore sufficient to 
suggest that the virus might have become estab- 
lished in the lung tissue. The role it played, either 
alone or with some undetermined bacterial agent. 


TABLE V 


Serological study of strains of influenza virus isolated from cases of bacterial pneumonia iising serum 
from chickens immunized with known strains of influenza virus 


Strain of 
virus 

Source 

Date of 
isolation 

Hemagglutination-inhibition titer with specific immune chicken sera 

PR8 

1 

Lee 

Swine 

F47A7 

P47A2 

P47A7 

PR8 



1670 

128 

182 

120 

338 

388 

Lee 



69 

588 

169 

42 

45 

417 

Swine 



52 

32 

1560 

37 

49 

37 

F47A7 

Clinical influenza 

March 1947 

147 

56 

91 

835 

512 

549 

P46A1* 

Fatal pneumonia 

May 1946 

182 

32 

112 

64 

779 

256 

P47B1 

Fatal pneumonia 

Jan. 1947 

49 

338 

45 

32 

128 

128 

P47A1* 

Fatal pneumonia 

Feb. 1947 

128 

169 


1175 


— 

P47A2 

Fatal pneumonia 

Feb. 1947 

147 

32 

104 

74 

362 

32 

P47B2 

Nonfatal pneumonia 

Jan. 1947 

32 

169 

32 

32 

32 

32 

P47A3* 

Nonfatal pneumonia 

March 1947 

169 

194 

120 

1350 


' 

P47A4 

Nonfatal pneumonia 

March 1947 

208 

256 

208 

779 

! 56 

, 512 

P47A5 

Nonlatal pneumonia 

March 1947 

128 

64 

79 

588 

169 

1 223 

P47A6 

Nonfatal pneumonia 

March 1947 

294 

182 

182 

1450 

! 388 

479 

P47A7 

Nonlatal pneumonia 

March 1947 

84 

39 

52 

417 

208 

447 

P47A8 

Nonfatal pneumonia 

March 1947 

239 

208 

256 

1560 

512 

512 

P47A9 

Nonfatal pneumonia 

March 1947 

182 

256 1 

60 

779 

1 417 

223 

P47A10 

Nonfatal pneumonia 

April 1947 

208 

112 1 

158 

722 

239 

417 

r^47All 

Nonlatal pneumonia 

April 1947 

223 

194 

120 

958 

479 

447 

* 47A12 

Nonfatal pneumonia 

April 1947 

779 

1270 

512 

2200 

891 

588 

* 4/Ax3 

Nonfatal pneumonia 

April 1947 

138 

338 

169 

512 

588 

294 

t 4/ A14 

Nonfatal pneumonia 

April 1947 

91 

104 

52 

512 

294 

128 

1 4/AI5 

Nonlatal pneumonia 

April 1947 

97 

79 

32 

388 

182 

91 


•All 


except these tests were run simultaneously. 
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in the production of the clinical symptoms cannot 
be determined on the basis of available data. 

Strain identification 

The results of hemagglutination-inhibition tests 
using known immune chicken sera with the vari- 
ous strains of virus isolated from sputum or lung 
specimens are shown in Table V. 

Interpretation of these data is very difficult 
since the homologous titers of the various immune 
sera were different and since there was some un- 
avoidable variation in the quantities of the differ- 
ent antigens used in the test. 

It seems clear, however, that of the four strains 
isolated from the lungs of fatal cases of pneumonia 
one (P47B1) was a typical strain of influenza B 
and two (P^Al and P47A2) were strains of in- 
fluenza A which immunologically were very sim- 
ilar to each other, and somewhat similar to the 
PR8 strain of influenza A. Neither of these 
strains showed cross reactions with the Lee strain 
of influenza B. The fourth strain (P47A1) was 
inhibited to almost the same extent by both PR8 
chicken antiserum and Lee chicken antiserum. 
It was inhibited by much higher dilutions of 
chicken antiserum to the strain chosen in this 
laboratory because of its early isolation and its 
antigenic similarity to subsequently isolated strains 
as the reference 1947 strain of influenza A 
(F47A7). 

Of the 14 strains isolated from the sputum of 
nonfatal cases of pneumonia, one (P47B2) was a 
typical strain of influenza B. The other 13 strains, 
all isolated in March and April, 1947, were similar 
to each other and to the reference 1947 strain of in- 


fluenza A (F47A7), They were inhibited to al- 
most the same extent both by PR8 chicken anti- 
serum and by Lee chicken antiserum. 

The tests described above were carried out after 
the various strains had been passed only three or 
four times in chick embryos. Since it is known that 
antigen prepared from recently isolated strains may 
contain a substance which inhibits the agglutination 
of red blood cells in the presence of normal as well 
as immune sera (57) three strains (P47A2, 
P47A8 and P47A7) were selected for further 
study after repeated passages in chick embryos. 
After 12 embryo passages, the results were es- 
sentially the same as those obtained using antigens 
prepared from earlier egg passage material. Strain 
P47A2 was again inhibited, although to a small ex- 
tent, by PR8 antiserum but not by Lee antiserum. 
Strains P47A7 and P47A8 were inhibited to al- 
most the same extent by both PR8 antiserum and 
by Lee antiserum. They were inhibited to a 
greater extent by F47A7 antiserum. 

By using the unidentified strains of virus as 
antigens in hemagglutination-inhibition tests with 
human acute and convalescent sera obtained from 
persons who had clinical influenza during three 
different proved influenza epidemics, somewhat 
more clear-cut results were obtained. The results 
of these tests are shown in Table VI. 

On the basis of the results obtained with human 
acute and convalescent sera, the strains of in- 
fluenza virus isolated from patients with pneu- 
monia during the 1947 epidemic of influenza in 
Baltimore are believed to be more closely related 
to influenza A than to influenza B and to be very 
closely related to strains of influenza virus isolated 


TABLE VI 

Identification of selected strains of influenza virus using human acute and convalescent sera 

from three influenza epidemics 


Serum 

specimen 

number 

Source of serum 

1 

Convalescent titer /acute titer witli various antigens 

1 

PR8 i 

Lee 

P47A2 

F47A7 

P47A7 

P47A8 

1 

1943 influenza A epidemic 

5.0 

1.2 

5.2 

1.2 

1.6 

1.1 

9 

1943 influenza A epidemic 

8.5 


13.1 

2.5 

3.2 

1.2 


1943 influenza A epidemic 

2.1 

1.1 

5.0 

2,6 

2.6 

2.8 

4- 

1943 influenza A epidemic 

9.1 

1.1 

17.3 

2.3 

4.6 

2.3 


1945 influenza B epidemic 

1.3 

5.7 . 

1.3 

0.7 

0.7 

1.0 


1945 influenza B epidemic 

1.3 

16.0 

1.2 

1.0 

1.2 

1.0 

7 

1945 influenza B epidemic 

1.3 

24.0 

1.6 

1.1 

1.1 

0.8 


1947 influenza A epidemic 

10.0 

1.0 

16.0 

5.3 

9.2 

8,0 

0 

1947 influenza A epidemic 

1 3.5 

1.2 

60.0 

10.0 

7.0 

9.3 

10 

1947 influenza A epidemic 

i 7.0 

1.4 

i 3.7 

5.7 

5.3 

8.0 
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from uncomplicated cases oi influenza occurring 
during the same period. 

DISCUSSION 

It seems evident on the basis of results obtained 
in these and other similar studies that often during 
influenza epidemics and occasionally during non- 
epidemic periods, bacterial pneumonia is in some 
way related to recent or concurrent infection with 
influenza virus. The pathogenesis of these multi- 
ple infections is not yet understood. 

It seems unlikely that influenza virus alone is 
often responsible for severe pneumonia. During 
the 1918 pandemic a vast number of fatal cases of 
pneumonia were examined (4, 43-47) and in only 
two reported instances (47) was it impossible to 
isolate a pathogenic organism from the lungs. 
Since the discovery of the virus etiology of influ- 
enza a number of successful attempts have been 
made to isolate the virus from the lungs of fatal 
cases of pneumonia. In all but one of these (18) a 
pathogenic organism was also present in the lungs. 

No pathogenic organism was isolated from the 
lungs of one of the fatal cases reported in detail in 
another paper (41) and the pathology in this case 
is that of pure virus pneumonia. A pneumococcus 
Type XI was isolated, however, from the tracheal 
exudate three days before the patient died of 
bronchopneumonia. 

Influenza virus has been isolated from the spu- 
tum of non-fatal cases of pneumonia. In most in- 
stances the predominating organisms in the sputum 
from these patients were pneumococci or hemolytic 
staphylococci. However, there is clinical evidence 
that infections with influenza virus alone can 
cause slight abnormal pulmonary signs and might 
actually cause some patchy consolidation (22, 48), 
Reimann (49) in a review of pneumonias of viral 
origin states that pneumonia is an integral part of 
influenza but for unknown reasons influenzal 
lesions of the lung are more often invaded by 
pathogenic organisms than are the lesions of other 
viral pneumonias. 

^ Probably the most generally accepted explana- 
tion concerning the relationship of influenza virus 
and bacteria in the pneumonias accompanying in- 
fluenza is that the viral agent plays only a prepara- 
tory role. It is commonly believed that debilitating 
infections such as influenza decrease the general 
resistance of the host and predispose to bacterial 


invasion. The mechanism by which general host 
resistance is lowered is not understood. A more 
clear-cut explanation for the lowering of local re- 
sistance in the respiratory tract can be given. It 
is known that influenzal infections in the ferret 
(50) and probably in the human (51) cause de- 
struction of the ciliated epithelium of the respira- 
tory tract. The destruction of this important lo- 
cal defense mechanism would be expected to facili- 
tate invasion of the lungs by pathogenic organisms. 
Symptoms of pneumonia often have' their onset a 
week or more after the first symptoms of influenza. 

Although there is only slight evidence (26) to 
support such a concept, there is a possibility that 
the virus might act on certain potentially patho- 
genic organisms composing the normal flora of 
the nasopharynx in such a way as to increase their 
virulence and invasive ability. The invasive ability 
might be enhanced simply by the protective action 
against phagocytosis offered by mucus present as 
a result of influenzal infection. As reported 
herein, the isolation of influenza virus from 36 per 
cent of bacterial pneumonias occurring during an 
influenza epidemic indicates that the virus could 
have been playing an active part in the disease 
despite the onset of the pneumonia several days 
after the onset of clinical influenza. Both agents 
may be actively engaged in some as yet unknown 
relationship. Pathological manifestations of virus 
and bacterial complex infections are often similar 
regardless of the type of bacterium. The virus is 
thought to play a part in producing the pathological 
lesions and superimposed on such lesions are 
changes brought about by the bacterium. 

Taylor (52) observed that a sublethal dose of 
influenza virus kills mice if followed in a day or 
two by intranasal instillation of sterile fluid. He 
proposed that the sterile fluid upset a delicate host- 
parasite relationship between spread of the virus 
and antibody production. By analogy such a 
mechanism might explain the simultaneous bac- 
terial and influenza infections in man. 

The inflammation produced by the bacterium 
may enhance release of the influenza virus from in- 
fected cells and aid in the spread of the virus to un- 
infected cells before the production of sufficient 
antibodies could prevent such a spread. 

It is interesting to note that in five instances in 
the present study influenza virus was isolated 
from cases of pneumonia during interepidemic pc- 
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riods with respect to influenza. Sporadic cases 
of influenza have been reported by several investi- 
gators (20, 53-56) but there is not yet general 
agreement concerning the whereabouts of influenza 
virus between epidemic periods. Further investi- 
gation of bacterial pneumonias during periods 
when uncomplicated cases of influenza are not oc- 
curring to any great extent might indicate that in- 
fluenza is indeed an endemic disease reaching 
epidemic proportions at more or less regular in- 
tervals. Why it was possible to isolate influenza 
virus from the sputum or lung of five cases of pneu- 
monia and not possible to demonstrate the virus 
in nasal washings in any of about 100 cases of un- 
complicated upper respiratory infections during 
the same interepidemic periods is not known. It 
may be that in cases of complex infection the virus 
descends to the lower respiratory tract and pro- 
liferates longer than it would in the upper respira- 
tory epithelium. The number of uncomplicated 
cases from which nasal washings were examined 
represents only a small fraction of all the upper 
respiratory infections which occurred during the 
interepidemic periods and it is possible that more 
extensive studies would reveal sporadic cases of 
uncomplicated influenza as well as influenza com- 
plicated by pneumonia. 

While these studies have been concerned with 
the simultaneous occurrence of influenza virus and 
bacteria in pneumonia, it is difficult to resist the 
speculation that other respiratory viruses, if and 
when techniques are available for their ready isola- 
tion and identification, will also be found in as- 
sociation with bacteria in other cases of pneumonia 
in man. 

SUMMARY 

Seventeen of 36 cases of pneumococcal pneu- 
monia occurring during an epidemic of influenza 
A in Baltimore in March and April, 1947, yielded 
positive evidence, either by virus isolation or by 
serological studies of recent or concurrent infec- 
tion with influenza virus. 

2. All of the 13 strains of influenza virus iso- 
lated from these 36 cases were found to be similar 
to strains of virus isolated from uncomplicated 
cases of influenza occurring during the same pe- 
riod. 

3. Influenza virus was isolated from the spu- 
tum of one of 33 cases of bacterial pneumonia oc- 


curring during interepidemic periods. The one 
positive specimen was from a case of pneumococcal 
lobar pneumonia and the virus isolated was a typi- 
cal strain of influenza B. 

4. The lungs of two fatal cases of primary pneu- 
monia and two cases of secondary pneumonia, in 
which no pathogenic organism was identified, 
yielded influenza virus. Three of the strains of 
virus were influenza A and one was influenza B. 
All four of these cases occurred during inter- 
epidemic periods with respect to influenza. 

5. These studies indicate that influenza virus 
plays a role in the etiology of certain pneumonias 
which have hitherto been considered primarily bac- 
terial in origin. 
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A retardation of the absorption of amino acids 
derived from ingested protein into the bloodstream 
is known to result from a failure of the secretion 
of the pancreatic proteinases. West, Wilson and 
Eyles (1) have shown that a much smaller rise 
in blood amino nitrogen occurs in children with 
pancreatic fibrosis than in normal children after 
a test meal of casein. Preliminary results obtained 
by these authors indicated that gelatin might be a 
better test protein. To avoid a choice between the 
technically somewhat complex manometric ninhy- 
drin procedure (Hamilton ’ and Van Slyke [2]) 
and the analytically unsatisfactory colorimetric 
amino nitrogen methods (cf. Chinard and Van 
Slyke [3]) we have determined the plasma con- 
centration of the single amino acid, glycine. Ad- 
vantage is taken of the convenient method avail- 
able for glycine (Alexander, Landwehr and Selig- 
man [4]), the high glycine content of gelatin 
(25.5%), and the relatively slow disposition of 
this amino acid. Comparison of the fasting plasma 
glycine with the level 150 minutes after gelatin 
feeding provides a simple diagnostic procedure, al- 
though some qualifications will be noted below. 

Although duodenal intubation in most cases is 
not a difficult procedure, upon occasion it may be 
troublesome. Mention might be made of a) sev- 
eral instances where four or five separate unsuc- 
cessful attempts were made to obtain a satisfactory 
specimen from a patient, b) the undesirability of 
the procedure in the severely ill infant, and c) the 
occasional febrile reaction following intubation. 
The present procedure offers an alternative diag- 
nostic test. 

EXPERIMENTAL 

^ The test procedure is as follows ; the patient is given, 
six to 12 hours after the last meal, 1.5 grams of protein 
per kilogram of body weight in the form of Knox gela- 
tin, m 30 ml. of warm water per kilograms, either by 
moutli or by gavage. Venous blood is collected just 


before the feeding and 2% hours after. The plasma is 
separated at once, deproteinized with picric acid, and the 
glycine determined according to Alexander et al. (4). 
The analysis depends upon a colorimetric measure of the 
formaldehyde released from glycine by ninhydrin. A 
comparison of the optical densities of the two samples 
without translating them into glycine concentrations is 
sufficient. 

For the deproteinization, 5 volumes of picric acid are 
added to the plasma, and the mixture centrifuged (Ham- 
ilton and Van Slyke [2]). When analyzing fasting 
blood, a 4 ml. aliquot of plasma filtrate is used; for the 
samples taken later, 2 ml. usually give a suitable depth 
of color. This means that 3 or 4 ml. of fasting blood 
and 1.5 ml. of the postprandial blood samples permit 
duplicate analyses. The requirements can be decreased 
if necessary to about 0.5 ml. of blood by cutting quanti- 
ties used in half throughout the procedure, and distilling 
over to a volume of 5 ml. rather than 10 ml. A drop 
of normal sodium hydroxide is added for each 2 ml. of 
picric acid filtrate used in the determination, to neutralize 
the picric acid. 

The patients studied ranged from one month to 12 
years in age. In most cases the plasma glycine was 
determined before the test, and one and 2% hours after 
the test meal. The total a-amino nitrogen in many cases 
was also determined for comparison. 

RESULTS AND DISCUSSION 

Three groups of patients were studied : 

1 . Twenty-four patients for whom the diagnosis 
of pancreatic fibrosis had been established, in 22 
of them by the absence of tryptic activity in the 
duodenal contents. 

2. Nineteen patients for whom the diagnosis of 
pancreatic fibrosis had been excluded. These were 
malnourished children, several of whom suggested 
the diagnosis of pancreatic fibrosis on clinical 
grounds. 

3 . Six patients whose clinical course was con- 
sistent with the diagnosis of pancreatic fibrosis, 
w'ho had, however, definite although diminished 
trj-ptic activity. 
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TABLE I 


The plasma glycine nitrogen following gelatin feeding 

The values arc averages for the group of patients indi- 
cated, and arc m mg. N per 100 ml. 



Fast- 

ine 

In- 
crease i 
after 
60 
min. 

In- 

crease 

after 

ISO 

min. 

Ratio, ISO min. 
to fasting 

1 

Mean | 

Range 

Controls {19) 

0.26 

0.90* 

1.28 

5.0 

2.6 to 7.6 

Pancreatics {24) 

0.32 

1 0.44t 

0.59 

1.9 

1.2 to 3.2 

Pancrcatics + pan- 
creatin (5*) 

0.33 

1.37 

1.18 

3.6 

2.6 to 5.3 


* Average includes only 13 cases, 
t Average includes only 14 cases. 


To the first two groups of patients the following 
generalization could be applied, with two excep- 
tions to be discussed later. 

Patients without tr 3 'ptic activity have their 
plasma glycine increased up to 2.5 times the fasting 
level (mean, 1.9 times) ; patients with good tryptic 
activity have their glycine increased by 2.6 to 7.6 
times (mean, 5.0 times) 150 minutes after the test 
meal (Table I). 

Similarly these patients could be divided into 
the same two groups by the rise in the plasma a- 
amino nitrogen in the 17 cases where this deter- 
mination was made (Table II). Seven patients 
given pancreatin (coated granules) with the gela- 
tin had their glycine and a-amino nitrogen toler- 
ance curves moved from the deficient to the high 
normal range. The results were similar whether 
gelatin was fed by mouth or introduced by tube 
directly into the stomach or duodenum. 

Included in the group of 24 patients with no sig- 
nificant pancreatic enzymatic activity, were three 
patients showing rather high glycine responses, one 
so high on two of three occasions as to represent 
a striking exception. These patients all, inci- 


dentally, had a diagnosis of meconium ileus at 
birth. The ratios of the plasma glycine levels after 
and before gelatin were: R. E., 2.5; M. M., 3.2; 
and D. B., 4.1, 5.7, and 3.0. The last patient had 
hepatic disease (probably homologous serum jaun- 
dice) more severe at the time of the first two tests 
tlian at the time of the third test. Since the plasma 
glycine level undoubtedly represents a balance be- 
tween the relative rates of the absorption and of 
the disposal of glycine, severe hepatic disease may 
be a complicating factor in this test. 

The third group consisted of the six patients 
who presented relatively low yet quite definite 
tryptic activity in their duodenal contents. The 
ratio of final to original gl 3 '’cine levels were as fol- 
lows: D. R., 2.2; A. O., 2.4; S. F., 2.9; F. M., 3.2; 
R. V., 3.S; P. N., 5.7. Three of these values are 
above the range obtained for patients having no 
significant amount of tryptic activit 3 L That a 
group of children showing intermediate degrees of 
pancreatic enzyme activity should range rather 
widely in their rates of gelatin digestion is not 
surprising. Heretofore partial pancreatic insuf- 
ficiency, in patients with the clinical appearance of 
pancreatic fibrosis, has not been described. This 
group is under study. 

Finally, a single patient was observed who h^d 
normal enzymatic activities in his duodenal fluid, 
but who showed a rise to only 1.9 times his fast- 
ing plasma glycine after his test meal. This pa- 
tient could absorb glycine no better when pan- 
creatin was fed with the gelatin, or even when the 
glycine was fed in the free state. Since children 
with pancreatic disease absorbed glycine readil 3 ' 
in either of the last two situations, clearly this is 
a diflPerent t 3 q)e of deficiency, and according^ this 
patient is not included in the general averages. 


TABLE II 


The plasma a-amino nitrogen following gelatin feeding 
The concentrations are in milligrams per 100 ml. 




Fasting 


Increase 


Ratio, higher level 
to fasting level 



After 60 min. 

After ISO min. 


Mean 

Range 

Mean 

Range 

Mean 

Range 

Mean S.D. 

Range 

Controls {10) 

3.SS 

2.90 to 4.54 

2.31 

0.60 to 4.48 

3.51 

1.49 to 6.22 

2.0±0.3 

1.43 to 2.50 

Pancreatics {7) 

3.38 

2.89 to 4.05 

0.32 

— 0.37 to 1.10 

0.57 


1.2db0.2 

0.93 to 1.40 

Pancreatics pan- 
creatin {6) 

3.23 

2.55 to 4.81 

4.04 

3.02 to 5.35 

3.65 

2.10 to 5.33 

2.3rt0.4 

1.82 to 2.92 
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The subject also yielded a flat glucose tolerance 
curve. 

Apparently a further test is desirable for an oc- 
casional patient to determine whether or not pan- 
creatin intensifies significantly the elevation of the 
plasma glycine produced by gelatin feeding. Not 
only will this permit detection of the probably rare 
patient who cannot absorb readily even free gly- 
cine, but should also assist in clarifying the status 
of subjects who may show equivocal responses. 

SUMMARY ' 

1. Forty-nine patients presenting symptoms of 
malnutrition and respiratory disease suggesting a 
diagnosis of pancreatic fibrosis have been studied 
as to the response of their plasma glycine concen- 
trations to the feeding of gelatin. 

2. Twenty-two out of 24 patients having no sig- 
nificant tryptic activity in their duodenal fluid 
showed rises to not more than 2.5 times their fast- 

glycine levels. Nineteen patients having good 
pancreatic enzyme activity showed increases to 
' more than 2.5 times the fasting value (average, five 
times fasting level) . Liver disease may have been 
a factor in the exceptional increases shown by one 
of the patients with pancreatic disease. 

3. The feeding of pancreatin with the gelatin 
changed the responses of either the glycine or a- 


amino nitrogen from the pancreatic-deficient range 
to the high normal range. 

4. A group of six patients showing definite, al- 
though small, tryptic activity in their duodenal 
fluids gave rather widely ranging responses to the 
test. 

5. A single patient presenting evidence of nor- 
mal secretion of pancreatic enzymes absorbed gly- 
cine poorly even when the amino acid was fed in 
the free state. 

The assistance of Miss Jean Streicher is gratefully 
acknowledged. 
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INTRODUCTION 

Addis, Poo and Lew (1) aptly demonstrated the 
importance of the liver as a storage place for pro- 
tein substances. The extensive studies of Whipple 
and his associates (2, 3) allowed some insight 
into the magnitude of this protein storage and its 
availability during time of need. It also seems 
well established that the liver is the principal site 
of fonnation of albumin and fibrinogen and to a 
lesser extent of globulin (4-10). In the presence 
of severe hepatic disease such as advanced cir- 
rhosis, the functions of protein synthesis and stor- 
age are presumably inhibited and this inhibition is 
reflected by alterations in the various protein con- 
centrations in the plasma. Supporting this con- 
cept are the observations (4, 5) which correlated 
the fibrinogen content of the blood with the degree 
of liver injury. Similarly, hypoalbuminemia has 
been established as a characteristic laboratory find- 
ing in patients with far advanced cirrhosis of the 
liver (6, 7). Plasma protein concentrations can- 
not, however, be used as an index for total cir- 
culating proteins or plasma volume (11, 12). It 
has already been shown that the plasma volume 
may be elevated in patients with cirrhosis of the 
liver (13)- In a previous communication (14), 
data were presented from patients with cirrhosis 
of the liver, illustrating normal values for total cir- 
culating proteins despite the presence of low pro- 
• tein concentrations in the serum. The purpose of 
this communication is to record further data con- 
cerned with the plasma volume and the quantitative 
estimation of the various plasma proteins m pa- 
tients with far advanced Laennec s cirrhosis of the 

liver. 

material and methods 

Twelve patients were chosen for this study At the 
onseT of investigation each patient exhibited edema 
hepatomegaly, spider angiomata, and 


evidence of protein and multiple vitamin deficiency. 
Patients with jaundice were excluded from the study. 
Biopsy specimens from the liver, obtained by means of 
peritoneoscopy from 10 of the patients, were consistent 
with the impression of far advanced Laennec’s cirrhosis. 
The presence of complicating disease was excluded by 
means of venous pressure determinations, circulation 
times, electrocardiograms, renal function tests and roent- 
genograms of the entire gastrointestinal tract and chest. 
All patients were men and ranged in age from 38 to 67 
years. The average age for the entire group was 49.7 
years. 

Laboratory tests including hippuric acid excretion (in- 
travenous procedure), bromsulfthalein excretion (S mg. 
per kilogram of body weight), prothrombin time, cepha- 
Hn-cholesterol flocculation and quantitative thymol tur- 
bidity were repeated at approximately biweekly intervals. 
As far as possible these laboratory procedures were ob- 
tained within 48 hours before plasma volumes and protein 
concentrations were determined. 

Plasma volumes were determined in the fasting state 
at bed rest according to the method of Gibson and Evans 
(IS) as modified by Gibson and Evelyn (16). Dj'e free 
samples of serum obtained before the injection of T-1824 
were used as control readings. Fifteen minutes was 
found sufficient time to permit thorough mixing of the 
dye. Plasma volume was finally estimated by extra- 
polation of the time-concentration curve of the dye. 
Predicted plasma volumes were estimated according to 
height (17). Total blood volume was calculated from 
the simultaneous determination of the plasma volume and 
the venous hematocrit according to the formula (18) : 

Plasma volume 


100 — hematocrit 


X 100 = blood volume. 


ascites, anemia. 


The venous hematocrit was determined according to the 
method of Wintrobe modified by the use of a 4 ml. 
capacity tube. 

Total protein and albumin were determined according 
to the method of Howe (19) as modified by the use of 
Conway cells for the estimation of ammonia nitrogen 

(20) . Fibrinogen was determined by conversion to fibrin 

(21) and, after digestion, the estimation of fibrin nitro- 
gen by means of the Conway cell procedure. All blood 
samples for nitrogen determinations, hematocrits and 
plasma volumes were obtained simultaneously. 

During the period of observation each patient was 
maintained on a daily diet in excess of 3000 calories. 
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120 or more grams of protein, moderately low in fat 
and containing approximately 2.7 grams of sodium chlo- 
ride. Dietary therapy was augmented by vitamin supple- 
ments and, in some patients at the beginning of the study, 
by choline chloride and yeast. In a very few instances 
protein hydrolysates were given for a short period of 
time. For approximately the first half of the period of 
observation each patient received ammonium chloride, 6 
grams daily for three days, followed by the administra- 
tion of 2 ml. of mercupurin or mercuhydrin either intra- 


venously or intramuscularly. After a three day rest pe- 
riod this procedure was repeated. For reasons to be 
discussed it was felt that diuresis in this manner did 
not appreciably influence the plasma volume. All patients 
were considered semi-ambulatory. 

RESULTS 

Persistently abnormal results for thymol tur- 
bidity, cephalin-cholesterol flocculation, hippuric 


TABLE I 

Correlated data obtained from observations on plasma volume, blood volume, serum protein concentrations 
and total circulating proteins in 12 patients with advanced Laennec's cirrhosis of the liver 


Day 

Weight 

Plasma 

volume 

Hemato- 

crit 

(Average) 

Total 

protein 

Albumin 

Globulin 

Fi - 

brinogen 

Total 

circu- 

lating 

protein 

Total 

circu- 

lating 

albumin 

Total 

circu- 

lating 

globulin 

Total 

circu- 

lating 

fibrinogen 

j. c. 

1 

kg, 

66,3* 

.ml. 

2750* 

2630 

38.0 

gm.l 

100 ml. 

6.00f 

5.14 

««•/ 

JOO ml. 

4.00f 

2.23 

B<«./ 

100 ml. 

2.00\ 

2.91 

mg./ 

100 ml. 

365 

grams 

165.0% 

135.2 

grams 

110.0% 

58.6 

grams 

55.0% 

76.6 

grams 

5.5% 

9.6 

12 

68.1 

3740 

40.0 

5.70 

2.83 

2.86 

246 

213.2 

105.9 

107.3 

9.2 

32 

66.3 

5010 

36.5 


3.20 

3.60 

170 

340.9 

160.3 

180.4 

8.5 

46 

66.8 

5130 

38.5 

6.70 

3.10 

3.60 

168 

343.7 

159.0 

184.7 

8.6 

56 

68.1 

5180 

35.5 

6.01 

4.30 

1.71 

113 

311.3 

222.7 

88.6 

5.9 

63 

68.4 

4910 

32.2 

6.95 

3.22 

3.73 

505 

341.2 

158.1 

183.1 

24.7 

88 

70.4 

4350 

41.0 

6.59 

3.52 

3.07 

235 

286.7 

153.1 

133.6 

10.2 

125 

71.3 

4250 

38.0 

6.83 

3.78 

3.05 

296 

290.3 

160.7 

129.6 

12.5 

179 

65.9 

5540 

39.0 

7.01 

4.05 

2.96 

234 

388.4 

224.4 

164.0 

12,9 

217 

— 

5150 

39.0 

7.00 

3.25 

3.75 

189 

360.5 

167.4 

193.1 

9.7 

245 

62.2 

5080 

40.0 

6.40 

4.60 

1.80 

72 

325.1 

233.7 

91.4 

3.6 

259 

64.7 

4980 

39.0 

6.37 

3.59 

2.78 

164 

317.2 

178.8 

138.4 

8.1 

T. M. 

1 

74.0* 
70.9 ' 

2970* 

3910 


3.54 

1.59 

1.95 

188 

178.2% 

138.4 

118.8% 

62.2 

59.4% 

76.2 

' 5.9% 
7.3 

IS 

61.8 

3460 

40.5 

5.00 

— 

— 

208 

173.0 


— 

7.2 

28 

59.5 

4820 

36.0 

5.80 

3.46 

2.34 

346 

279.6 

166.8 

112.8 

16.7 

45 

65.4 

4050 

33.5 

5.44 

2.14 

3.30 

344 

220.3 

86.7 

133.6 

13.9 

59 

57.2 

3120 


5.75 

2.22 

3.53 

530 

179.4 

69.3 

111.1 

16.5 

73 

60.9 

3830 

34.5 

5.55 

2.26 

3.29 

415 

212.6 

86.6 

126.0 

15.8 

87 

61.3 



4.25 

1.49 

2.76 

472 

163.2 

57.2 

106.0 

18.1 

107 

62.9 

4010 

33.0 

5.60 

— 

— 

457 

224.6 

— 

. 

18.3 

147 

65.6 

3380 

32.0 

5.09 

2.53 

2.56 

425 

172.0 

85.5 

86.5 

14.3 

C. P. 

1 

73.6* 



6.28 

2.49 

3.79 

492 

184.8% 

218.5 

123.2% 

86.6 

m 

6.1% 

17.1 

25 

72.5 

3310 

40 

6.90 

3.48 

3.42 

— 

228.4 

115.2 

■flCT 



84 

71.3 

2900 

48 

7.59 

4.82 

2.77 

283 

220.1 

139.8 


8.2 

F. P. 

1 

67.7* 

65.9 

2778* 

4820 

32 

4.99 

1.82 

3.17 

410 

166.7% 

240.5 

111.1% 

87.7 

55 . 6 t 

152.8 

5 . 5 t 

19.7 

22 

67.9 

4410 

33 

— 

3.68 



532 



162.3 



23.4 

61 

64.5 

4460 

35 

5.23 

2.83 

2.40 

452 

233.2 

126.2 

107.0 

20.1 

92 

61.8 

4040 

32 

6.27 

2.74 

3.53 

315 

253.3 

110.7 

142.6 

12.7 

110 

60.4 

3965 

32 

6.82 

2.27 

4.55 

315 

270.4 

90.0 

180.4 

12.4 

J.G. 

1 

67.7* 

71.3 

2805* 

4890 

33.5 

5.26 

2.30 

2.96 

202 

168.3% 

257.2 

112.2% 

112.5 


5.6% 

9.9 

15 

68.1 

4260 

35.7 

7.48 

3.21 

4.27 

346 

318.7 

136.8 


14.7 

33 

68.1 

4150 

38.7 

7.60 

3.60 

4.00 

225 

315.4 

149.4 

166.0 

9.3 

43 

71.3 

4470 

38.5 

7.31 

3.58 

3.73 

322 

326.7 

160.0 

166.7 

14.4 

147 

209 

73.1 

4835 

41 

7.04 

4.65 

2.39 

357 

340.4 

224.8 

115.6 

17.2 

74.3 

— 

37 

6.13 

3.26 

2.87 







235 

71.3 

4880 

38 

6.58 

3.40 

3.18 

283 

321.1 

165.9 

I 5 S .2 

13.8 


Predicted normal weight and plasma volume for each patient. 

I minimum norrnal \’alucs for total protein, albumin and globulin concentrations. 

I Mimmum normal quandtj- of total circulating protein, albumin, globulin and fibrinogen for each patient. 
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TABLE 1 — Continued 




Plasma 

volume 

Hemato- 

crit 

(Average) 





Total 

Total 

Total 

Total 

Day 

Weiglit 

Total ■ 
protein 

Albumin 

Globulin 

Fi- 

brinogen 

circu- 

lating 

circu- 

lating 

circu- 

lating 

circu- 

lating 








protein 

albumin 

globulin 

fibrinogen 





gm./ 

gm./ 

gm./ 

mg./ 






kg. 

m\. 


100 vil. 

100 ml. 

100 ml. 

100 ml. 

grams 

grams 

grants 

grams 

G . 0 . 

67.7* 

2750* 






165.0% 

110.0% 

55.0% 

5.5% 

1 

73.6 

3375 

40 

6.72 

1.48 

5.24 

359 

226.8 

49.9 

176.9 

12.1 

3 

— 

3450 

39 

6.42 

2.72 

3.70 

195 

221.5 

93.8 

127.7 

6.7 

11 

— 

3320 

31 

3.72 

1.66 

2.06 

391 

123.5 

55.1 

68.4 

12.9 

23 

86.3 

4620 

34 

5.75 

2.83 

2.92 

283 

265.7 

130.8 

134.9 

13.0 

36 

87.5 

5530 

36.5 

6.44 

3.43 

3.01 

303 

356.1 

189.7 

166.4 

16.7 

60 

82.7 

4960 

34.5 

4.78 

2.44 

2.34 

314 

237.1 

121.0 

116,1 

15.5 

74 

85.9 

3950 

31.1 

6.15 

2.54 

3.61 

376 

242.9 

100.3 

142.6 

14.8 

85 

87.2 

— 

— 

6.84 

3.22 

3.62 

302 

— 

' 

— 

— 

88 

81.8 

4790 

33.7 

6.65 

1.97 

4.68 

282 

318.5 

94.3 

224.2 

13.5 

109 

84.3 

5190 

36 

5.95 

3.83 

2.12 

472 

308.8 

198.8 

110.0 

24.5 

122 

80.0 

4250 

37 

5.76 

3.35 

2.41 

357 

244.8 

142.4 

102.4 

15.1 

136 

90.0 

4620 

38 

6.60 

2.46 

4.14 

— 

304.9 

113.6 

191.3 

— 

176 

77.7 

3940 

39 

5.89 

1.14 

4.75 

170 

232.1 

44.9 

187.2 

6.6 

192 

84.3 

4100 

38 

5.88 

2.46 

3.42 

378 

241.1 

100.9 

140.2 

15.4 

218 

80.0 

4000 

38 

5.44 

2.70 

2.74 

375 

217.6 

108.0 

109.6 

15.0 

232 

4040 

38 

5.72 

2.26 

3.46 

425 

231.1 

91.3 

139.8 

17,1 

276 

84.5 

3905 

35 

7.72 

2.08 

5.64 

315 

301.4 

81.2 

220.2 

12.3 

280 

86.5 

3820 

38 

6.13 

2.36 

3.77 

440 

234.1 

90.1 

144.0 

16.8 

A . D . 

83.1* 

3223* 






193.4% 

128.9% 

64.5% 

6.4% 

1 

80.9 

4040 

44.5 

4.45 

2.45 

2.00 

315 

179.8 

99.0 

80.8 

12.7 

8 

86.3 

3810 

38 

5.75 

3.37 

2.38 

189 

219.1 

128.4 

90.7 

7.2 

12 

81.6 

4060 

44 

5.18 

3.02 

2.16 

189 

210.3 

122.6 

87.7 

7.6 

22 

82.2 

3320 

43 

6.02 

3.02 

3.00 

312 

199.9 

100.3 

99.6 

10.3 

35 

84.7 

3915 

43 

5.64 

2.36 

3.28 

315 

220.8 

92.4 

128.4 

12.3 

43 

84.3 

4400 

42 

— 

— 

— 

— 

227.5 


— 

— 

64 

85.9 

4550 

41 

5.00 

2.35 

2.65 

126 

106.9 

120.6 

5.7 

78 


4058 

45 

5.94 

3.30 

2.64 

420 

241.0 

133.9 

107.1 

17.0 

H R. 

74.0* 

2981* 




5.15 

127 



59.6% 

5.9% 

' 1 

14 


2622 

37 

6.55 

1.40 




3.3 

81.8 

2278 

40 

5.93 

1.21 

4.72 

99.8 

135.1 



2.2 

1 s 

74.0 

3320 

40.5 

6.57 

2.33 

4.24 

255 

218.2 

77.3 

140.9 

8.4 


78.6 

3900 

38 

6.25 

1.48 

4.77 

238 

243.7 

57.7 


9.2 

40 

70.4 

3820 

39 

7.10 

1.32 

5.78 

169 

271.2 

50.4 

220.8 

6.4 

63 

80.2 

3990 

38 

6.61 

2.88 

3.73 

217 

263.7 

114.9 

148.8 

8.6 

r w 

74.0* 

2987* 




3.06 

299 



59.7% 

5.9% 

1 

10 

31 

58 

62 

94 


2920 

40 

5.22 

2.16 




8.7 


3005 

40 

6.72 

3.85 

2.87 

378 



86.2 

11.3 


3440 

40 

7.72 

1.25 

6.47 

236 

265.6 

43.0 

222.6 

8.1 

61 5 

2940 

38 

7.05 

4.54 

2.51 

441 

207.2 

133.4 

73.8 

12.9 

61 5 

3270 

38 

7.72 

4.30 

3.42 

520 

252.4 

140.6 

111.8 

17.0 

63.1 

3030 

39 

6.83 

3.96 

2.87 

— 

206.8 

119.9 

86.9 

— 

J.R. 

1 

58 

106 

142 

170 

184 

70.9* 

2926* 





163 

/ r 5 . 5 t 

117.0% 

58.5% 

5 . 5 t 

84 5 

5270 

24 

6.44 

1.52 

4.92 

339.4 

80.1 

259.3 

8.5 

82 0 

4980 

36 

5.64 

— 

— 

220 


— 

— 

10.9 

81.8 

83.6 

82.5 

83.6 

4740 

36 

3.41 

2.08 

1.33 

284 

161.6 

96.6 

63.0 

13.4 

4500 

40 

39 

5.80 

6.40 

2.08 

2.83 

3.72 

3.57 

189 

252 

261.0 

93.6 

167.4 

8.5 

— 

36 

8.62 

2.83 

5.79 

126 

— 

— 

— 

— 

205 

82.2 

4440 

“ 









E . D . 

1 

73.1* 

70.9 

70.9 

n.i 

72.7 

3003* 






180.1% 

120.1% 

60.0% 

6.0% 

1^1 

40 

6.12 

3.77 

2.35 

409 

191.6 

118.0 

73.6 

12.8 


44 

7.25 

2.46 

4.79 

365 

306.7 

104.1 

202.6 

15.4 

9 


45 

7.94 

3.78 

4.16 

208 

313.6 

149.3 

164.3 

8.2 

23 

36 

3620 

44 

6.78 

1.70 

5.08 

567 

245.4 

61.5 

183.9 

20.5 

A . B . 

1 

15 

66.3* 

2772* 





270 

166.3% 

110.9% 

55.4% 

5 . 5 J 

9710 

41 

• 6.65 

1.82 

4.83 

180.2 

49.3 

130.9 

7.3 

— 


41.5 

7.31 

3.15 

4.16 

315 

168.1 

72.4 

95.7 

7.2 
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acid excretion and bronisulfthalein excretion were 
found in all patients throughout the study. Pro- 
thrombin time returned to normal in all patients 
soon after the institution of parenteral and oral 
vitamin K therapy. The results of these five tests 
were taken to indicate that persistent liver damage 
was present in each patient for the duration of the 
study. 

Table I contains the correlated data obtained 
from observations on plasma volume, serum pro- 
tein concentrations and total circulating proteins 
in the 12 patients. Percentage deviation values for 
the various serum protein concentrations were 
based on the minimum normal values of 6, 4 and 2 
grams per 100 ml. for total protein, albumin and 
globulin respectively (22) . The minimum normal 
values for the total circulating proteins in any 
given patient were obtained by use of these figures 
and the predicted plasma volume. Thus, any value 
for the individual total circulating proteins which 
exceeded the theoretical minimum normal value 
could be considered within normal limits for the 
patient. 

It is apparent that the vast majority of the indi- 
vidual plasma volumes represent significant ele- 
vations above the predicted normal values. In 
83 determinations, 68 (81.9 per cent) were more 
than 10 per cent above predicted values. Thirty 
(36.1 per cent) were more than 50 per cent above 
normal. In one patient (J. C.), nine of 12 deter- 
minations were more than 50 per cent above nor- 
mal. Twelve determinations (14.4 per cent) were 
within plus-minus 10 per cent of predicted values. 
The three remaining determinations were more 
than 10 per cent below normal. Despite fluctua- 
tions, sustained elevations in plasma volume were 
present in most of the patients. 

The total blood volume was estimated 79 times. 
Of these, 60 (75.9 per cent) were more than 10 
per cent above predicted values. Eleven (13.9 per 
cent) were more than 50 per cent above normal. 
Of the remaining determinations, 14 (17,7 per 
cent) were considered to be within normal range 
and five (6.3 per cent) were more than 10 per 
cent below normal. 

Total protein concentration in the serum was de- 
termined 84 times on the 12 patients. Of these, 34 
(40,4 per cent) were below 6 grams per 100 ml. 
Three patients (A. B., C. P., E. D.), accounting 
for nine determinations, had total protein concen- 


trations consistently above 6 grams per 100 ml. 
Thus, the remaining nine patients were considered 
to have had hypoproteinemia either consistently or 
at some time during the course of their study. 

The quantity of total circulating protein was 
found to be within theoretical normal limits in 69 
(86.2 per cent) of 80 determinations. Five pa- 
tients (C. P., F. P., E. D., A. B., J. G.) had total 
circulating protein values consistently within the 
range of normal. These five patients accounted 
for 19 of the 80 determinations. 

Albumin concentration in the serum was deter- 
mined 82 times. Of these, 75 (91.4 per cent) were 
below 4 grams per 100 ml. Each patient exhibited 
hypoalbuminemia, as determined by concentration 
levels, almost consistently throughout his period 
of study. At no time did eight of the patients reach 
a normal value for albumin concentration. 

The quantity of total circulating albumin was 
found to be within theoretical normal limits in 32 
(41,0 per cent) of 78 determinations. Only one 
patient (J. G.) had consistently normal values. 
This patient accounted for six of the determina- 
tions. 

Globulin concentration in the serum was deter- 
mined 81 times. In only four instances was the 
globulin concentration below 2 grams per 100 ml. 
This represented 4.9 per cent of the total number 
of the determinations. 

The quantity of total circulating globulin (77 de- 
terminations) was found to exceed the theoretical 
minimum normal values in every instance. 

Fibrinogen concentration was determined 82 
times. In 64 (78.0 per cent) the concentration 
was above 200 mg. per 100 ml. In 75 (94.9 per 
cent) of 79 determinations, the quantity of total 
circulating fibrinogen was found to be above the 
theoretical minimum normal values. One patient 
(J, C.), at a time when the plasma volume was 
5080 ml., had a fibrinogen concentration of only 
72.5 mg. per cent which represented a total circu- 
lating value of 3.6 grams. Another patient (H. 
R.) had moderate!}' low values on two occasions; 
at one time the plasma volume was 2622 ml., tlie 
fibrinogen concentration 127 mg. per cent and the 
total circulating quantity of fibrinogen 3.3 grams. 
At another time the plasma volume was 2278 ml., 
the fibrinogen concentration 99.8 mg. per cent and 
the quantity of total circulating fibrinogen 2.2 
grams. A third patient (.■\. D.) accounted for the 
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fourth subnormal value. The plasma volume was 
4550 ml., the fibrinogen concentration 126 mg. per 
cent and the quantity of total circulating fibrinogen 
5.7 grams. At no time did any of the patients ex- 
hibit hemorrhagic tendencies which could be at- 
tributed to subnormal values for fibrinogen. 

From these observations it is apparent that the 
serum protein concentrations alone cannot be 
used to estimate the quantity of total circulating 
proteins in patients with advanced Laennec’s cir- 
rhosis of the liver. It is also apparent that any 
estimation of the degree of protein synthesis de- 
pends, in part, upon the determination of total cir- 
culating quantities rather than concentrations in 
the serum. Thus, patients with low concentra- 
tions of proteins in the plasma mzy, by virtue of 
sustained elevations in plasma volume, have total 
circulating quantities within the limits of normal. 
These data, based upon the total number of indi- 
vidual determinations, are summarized in Table 

II. 


TABLE II 


Tabular listing of the number of individual delerminations 
on 12 patients ■with advanced Laennec's cirrhosis of the 
liver showing both numerical and percentile rela- 
tionship between concentration of proteins 
and circulating proteins 


Plasma volume 
Total protein concentration 
Total circulating protein 
Albumin concentration 
Total circulating albumin 
Globulin concentration 
Total circulating globulin 
Fibrinogen concentration 
Total circulating fibrinogen 


Number 
of de- 
termi- 
nations 

Number of 
determina- 
tions above 
minimum 
normal value 

83 

68* 

84 

SO 

80 

69 

82 

7 

78 

32 

81 

77 

77 

77 

82 

64 

79 

75 


Per cent of 
deterrtiina- 
tions above 
minimum 
normal value 


81.9 
S9.6 
86.2 

8.6 

41.0 

95.1 
100.0 

78.0 

94.9 


* Number of plasma volumes more than 10 per cent 
above predicted values. 


Attempts to evaluate response to treatment were 
imited to seven patients all of whom were studied 
vr more than 90 days. Since results of the four 
lepatic function tests discussed above could not be 
:orrelated with the clinical state of the patient, 
dinical improvement was based specifically upon 
lisappearance of edema and ascites, ^ return to a 
dinically normal nutritional state, improved or 
aormal blood count and, finally, ability to remain 
ambulatory without recurrence of preexisting signs 
and symptoms. The maintenance of a continued' 
=^^ate of improvement while fully ambulatory out- 


side the hospital was considered an important fac- 
tor in evaluating prognosis. 

Only three patients (J. C., J. G., C. W.) satis- 
fied these criteria for improvement. The first two 
patients have been observed for four months fol- 
lowing discharge from the hospital. The third 
(C. W.) has remained as a hospital employee. 
A fourth patient (F. P.), in whom temporary im- 
provement occurred, failed towards the end of the 
study. Coincident with this failure to maintain an 
improved state was the demonstration of a filling 
defect in the stomach. Ability to maintain a quan- 
tity of total circulating albumin above predicted min- 
imum values occurred in three of these patients 
and temporarily in the fourth (F. P.) despite the 
presence of hypoalbuminemia as estimated by con- 
centrations in the serum. Another patient (J. R.) 
showed only moderate improvement while in the 
hospital and has not been adequately followed since 
discharge. One (G. O.) has shown no improve- 
ment over a long period of time and one (T. M.) 
expired from his disease and complicating broncho- 
pneumonia. These last three patients were not 
able to maintain a quantity of total circulating al- 
bumin above predicted minimum values. 

Of the remaining five patients, all of whom were 
studied for less than 90 days, only two (E. D., 
C. P.) are making satisfactory progress. One 
(A. B.) left the hospital before response to treat- 
ment could be evaluated. Another (H. R.) ex- 
pired in severe hepatic decompensation compli- 
cated by bronchopneumonia. The fifth (A. D.) 
expired following a “button” operation performed 
in another hospital without our knowledge. This 
patient had entered the hospital with a history of 
having had 96 abdominal paracenteses during the 
preceding 12 months. Routine studies revealed 
the presence of peritoneal tuberculosis complicat- 
ing the cirrhosis. Despite this complication and 
the loss of large amounts of albumin in the ascitic 
fluid, a near normal quantity of total circulating 
albumin was maintained in the plasma until his 
demise. 

Although this series is small, clinical improve- 
ment, based on criteria given above, could be cor- 
related with ability to maintain a quantity of total 
circulating albumin above predicted minimum val- 
ues. Since all of the patients exhibited subnormal, 
concentrations of albumin in the serum, this cor- 
relation existed only in those who had sustained 
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TABLE III 

Tabular listing of 12 cases of advanced Laennec's cirrhosis 
of the liver to illustrate the average per cent deviation from 
the predicted plasma volume and from the minimum 
normal values for both concentrations of proteins 
in the serum and total circulating proteins 
in individual patients 



Concentrations 

Circulating proteins 


P.V. 

T. P. 

Alb. 

Glob. 

T.C. P. 

T.C. A. 

T.C. G. 

J. c. 

+69.5 

+ 7.6 

-13.1 

+ 49.2 

+84.5 

+50.2 

+153.1 

J. G. 

+63.3 

+12.7 

-14.2 

+ 67.1 

+86.1 

+41.0 

+ 76.3 

C. W. 

+ 3.8 

+14.9 

-16.4 

+ 76.6 

+19.6 

-14.1 

+ 87.2 

F. P. 

+56.1 

- 2.8 

-33.3 

+ 70.6 

+49.5 

+ 3.8 

+162.0 

J. R. 

+63.5 

+ 0.8 

-43.3 

+ 93.3 

+48.5 

-23.0 

+179.0 

A. D. 

+24.7 

- 9.5 

-29.0 

+ 29.3 

+10.7 

-13.1 

+ 58.3 

T. M. 

+28.7 

-14.7 

-43.9 

+ 40.9 

+ 9.9 

-26.1 

+ 80.8 

G. 0. 

+53.7 

+ 0.5 

-37.5 

+ 76.7 

+53.6 

- 3.4 

+167.5 

E. D. 

+24.2 

+17.0 

-26.8 

+104.7 

+46.7 

- 9.8 

+160.1 

H. R. 

+11.4 

+ 8.3 

-55.7 

+136.5 

+21.5 

-49.0 

+162.5 

C. P. 

+ 4.8 

+15.3 

-10.0 

+ 66.3 

+20.3 

- 7.5 

+ 76.0 

A. B. 

- 9.6 

+16.3 

-37.8 

+124.7 

+ 4.7 

-45.1 

+104.5 










elevations in plasma volume. In most instances 
wide fluctuations in serum protein concentrations 
were not present. Three of the four patients who 
made the greatest degree of improvement possessed 
high plasma volumes and quantities of total cir- 
culating albumin above predicted minimum values 
throughout most of the study. The fourth patient 
.(C. W.) eventually became able to maintain a 
normal quantity of total circulating albumin with- 
out an appreciable elevation in plasma volume. 


Observations relative to the average percentile de- 
viation from the predicted plasma volume and 
from the minimum normal values for both con- 
centrations and total circulating proteins for each 
patient are presented in Table III. In most in- 
stances fluctuations in plasma volume in any given 
patient were paralleled by similar fluctuations in 
the quantity of total circulating protein. This ob- 
servation is illustrated in Figure 1 which records 
the data on one of the patients. 

DISCUSSION 

The sustained elevations in plasma volume in 
cirrhotic patients cannot be explained by behavior 
of the dye. Wide variations in protein concentra- 
tion do not appreciably affect the optical density 
of T-1824 (23) . In accord with reports elsewhere 
(13, 24), we were unable to demonstrate the pres- 
ence of the dye in the ascitic fluid as long as one 
hour after the intravenous injection of large 
amounts. On the basis that intra-abdominal pres- 
sure might act as a barrier preventing diffusion of 
the dye into the peritoneal cavity, the ascitic fluid 
was largely removed. Again, the dye failed to ap- 
pear in the remaining ascitic fluid as long as one 
hour later under similar conditions. Under cer- 


REIAIIOMSHIP BETWEEN PLASMA VOLUME AND CIECULATING PROTEINS 



Fig. 1 

Predicted normal values for patient G. O. are; Plasma volume, 2750 
ml.; total circulating protein, 165 grams; total circulating albumin, 110 
grams; total circulating globulin, 55 grams; total circulating fibrinogen, 
5.5 grams. 
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Hypocellularity of the marrow was considered an 
unusual finding. 

The clinical significance of the serum protein 
changes has been recently reviewed (33). Con- 
centrations of proteins in the serum cannot, how- 
ever, be used to estimate total circulating quanti- 
ties in cirrhotic patients. This is emphasized by 
the sustained elevations in plasma volumes in the 
patients reported here. That the quantity of total 
circulating albumin may be related to prognosis is 
demonstrated by the findings in four of the pa- 
tients who improved according to criteria already 
discussed. Despite low concentrations of albumin 
in the serum and persistently abnormal hepatic 
function tests, three of these patients have shown 
continued improvement and ability to maintain a 
quantity of total circulating albumin above the 
theoretical minimum values. The same correla- 
tion existed temporarily in a fourth patient. Two 
of these patients have been under observation for 
more than 16 months and two for more than nine 
months. No correlation existed between im- 
provement and the various serum protein concen- 
trations, total circulating protein, total circulating 
globulin and several hepatic function tests. Ob- 
servations (34) on the amount of protein lost in 
the ascitic fluid due to repeated abdominal para- 
centeses in some of the patients suggested that 
synthesis of albumin ‘proceeded at an unusually 
high rate despite low concentrations in the serum 
and impairment of other liver functions. 

Ability to synthesize fibrinogen in normal quan- 
tities even in the presence of advanced cirrhosis is 
also suggested. Apparently, fibrinogen synthesis 
IS one of the last functions to be impaired in pro- 
gressive cirrhosis of the liver. 

SUMMARY 

1. Periodic observations of the plasma volume, 
blood volume, various serum protein concentra- 
tions and total circulating proteins were made on 
12 patients with far advanced Laennec’s cirrhosis 
of the liver. 

2. Considerable and sustained elevation of the 
plasma volume was present in most of the patients, 
Obsen-ations on four patients, during the absence 
of clinical edema and ascites, suggest that the 
major portion of the elevation in plasma volume is 
due to hepatomegaly, splenom^aly and the ex- 


tensive collateral circulation which develops in 
certain patients with cirrhosis of the liver. 

3. Subnormal concentrations of proteins in the 
serum did not necessarily indicate subnormal quan- 
tities of total circulating proteins. 

4. Clinical improvement was correlated with 
ability to maintain a normal quantity of total cir- 
culating albumin in four of the patients. It is sug- 
gested that this may be an important factor in de- 
termining prognosis in the cirrhotic patient. 

5. It is possible for patients with advanced cir- 
rhosis of the liver to show clinical improvement 
for long periods of time despite persistent impair- 
ment of liver function as determined by several 
hepatic function tests and despite the presence of 
subnormal concentrations of albumin in the serum. 
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Thulin (1-3) has recently reported an agglu- 
tination test, using human serum and hemolytic 
streptococci which had been treated at a high tem- 
perature. He found that in human sera the ag- 
glutination titers were significantly higher in sam- 
ples from patients with rheumatic fever and with 
rheumatoid arthritis than in others and that the 
titers observed in both diseases were similar. This 
test would seem to offer an unusually simple tech- 
nique for the measurement of antibodies which oc- 
cur in active streptococcal diseases and in rheuma- 
toid arthritis. Many streptococcal agglutination 
tests have been described and proposed in the 
past, but the principle of subjecting the bacterial 
suspension to a temperature of 120° C prior to 
its use as an agglutinogen (4) , is a new suggestion 
insofar as its clinical application for the study of 
streptococcal diseases is concerned ; for this reason 
alone it has seemed to deserve further investiga- 
tion. 

It is the purpose of this paper therefore to re- 
port confirmation of Thulin’s observation that sera 
from patients with rheumatic fever and rheumatoid 
arthritis agglutinate autoclaved streptococci and 
to present the results of further investigations 
utilizing this technique. 

MATERIALS AND METHODS 

1) Preparation oj bacterial suspension. The hemo- 
lytic streptococcus ^ used throughout the present work 
was a strain of Group A Type 4. Cultures were made 
with beef heart infusion broth containing either 0.5% calf 
serum or 1% glucose; after incubation at 37° C for IS 
to 18 hours, the bacterial cells were collected by cen- 
trifugation and washed once with phosphate buffer solu- 
tion (0.01 M) at pH 7.8. The cells were then resus- 
pended in the buffer and autoclaved at a temperature of 

' Aided by a grant from the Life Insurance Medical 
Research Fund. 

-Milbank Memorial Fund Fellow. 

^ The term “hemolytic streptococcus” throughout tliis 
paper refers to the Lanccficld Group A beta-hemolytic 
streptococcus, unless stated otherwise. 


120° C for two hours. The heat-treated cells were then 
washed twice with the buffer (pH 7.8). Finally, a heavy 
suspension of the autoclaved bacteria was made in a 
small volume of physiological saline, buffered with 0.01 M 
phosphate to pH 7. Tests done with unbuffered saline 
prepared from laboratory-distilled water, which was found 
to have a pH of about S to 6, gave non-specific agglu- 
tination. 

For the agglutination test, the bacterial suspension was 
diluted to a concentration of about 100 million organisms 
per milliliter by comparison with a barium sulphate 
standard, containing a third of the strength of the No. 1 
tube of the Brown's standard (5, 6). The undiluted 
bacterial suspension was usually not kept longer than 
one week in the refrigerator at a temperature of 4° C. 
Diluted suspensions were freshly made for each test from 
the stock. 

2) Serim. Samples of serum were obtained from pa- 
tients suffering from rheumatic fever of varying severity 
and at different stages of their illness; from patients 
with scarlet fever or other bacteriologically proven strep- 
tococcal diseases taken during active and convalescent 
stages of their illness; from patients affected by rheu- 
matoid arthritis, taken at various stages of the disease; 
from individuals with a wide variety of ailments other 
than the above three; and from “normal” subjects.* All 
the samples of serum were stored at — 17° C and were 
not heated before being tested. 

S) The agglntination technique. Serial two-fold dilu- 
tions of serum were made with buffered saline (pH 7), 
starting from 1 : 20. To 0.2 ml of serum dilution in each 
tube an equal volume of the bacterial suspension was 
added. Therefore, the final dilutions of each serum 
tested ranged from 1 : 40. 

After the addition of the cells to the serum, the tubes 
were shaken, incubated in a 52° C waterbath for two 
hours and left in the refrigerator at 4° C for a period of 
15 to 18 hours. A longer time in the refrigerator tended 
to give rise to excessively high titers, while too short a 
period resulted in low titers. When the test was read, 
the individual tubes were gently shaken and tlien read 

* The serum samples were collected and generously 
made available by Dr. Robert W. Quinn from the pa- 
tients in the Grace-New Haven Community Hospital and 
Dispensao' Clinics, New Haven, Conn., the U. S. Naval 
Hospital, St. Albans, L. I., St Francis Sanatorium for 
Cardiac Children, Koselyn, L. I., the Oiiidrcn’s Center, 
New Haven, Conn., and Soulhbury Training Center, 
Southbury, Conn. 
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against a black background, without the aid of a hand serum was adopted for the agglutination titer of the 

lens. The presence of sandy granules which were not sample. This serial two-fold dilution of serum forms a 

broken into a homogeneous suspension by the shaking geometric series with a common ratio of 1 : 2. To ob- 
was considered as definite agglutination. The final dilu- tain a geometric mean from numcricals of the dilutions 

tion of the serum in the last tube of the series which is not too easy a job. If it could be converted into an 

showed definite agglutination was taken as the agglutina- arithmetic series, the task would then not be difficult, 
tion titer of the sample. The series of dilutions of serum starts with 1 : 40. Here 

4) Calculations. In this agglutination test, two-fold 40 = 20 X 2'. The next tube contains a dilution of serum 

dilutions of serum were used and the final dilution of of 1 : 80, where 80 = 20 X 2’. The third tube contains a 








Fig. 1. Distribution of Agglutination Titers of the Five Groups of Human Serum 

A. Serum from patients with rheumatic fever. (311 samples, mean titer 1 : 646.) 

B. Serum from patients with rheumatoid arthritis. (50 samples, mean titer 1 : 614.) 

C. Serum from patients with “streptococcal diseases." (75 samples, mean titer 1 : 474.) 

D. Serum from patients with “other” diseases. (137 samples, mean titer 1 : 95.) 

E. Serum from “normal” subjects. (160 samples, mean titer 1:49.) 

F. Percentage distribution of the five groups. 
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A, 




Fig. 2. Frequency Distribution of Agglutination Titers of Serum from Rheumatic 

Fever Patients 

A. Active. ( 163 samples, mean titer 1 : 640.) 

B. Active subsiding. (29 samples, mean titer 1 : 1084.) 

C. Inactive. (63 samples, mean titer 1 : 456.) 


dilution of 1 : 160, where 160 = 20 X 2“. And so on. The 
ninth tube contains a dilution of 1 : 10240, where 10240 
= 20 X 2’. This series may, then, be coded with the first 
tube (1:40) as 1, second tube (1:80) as 2, . . .the 
ninth tube (1 : 10240) as 9, and with a negative reaction 
as 0 (Table I). Thus, the mean, the standard deviation, 
and the standard error of a group of serum may be cal- 
culated as usual. The f-test is used to compare the 
differences between two groups. 

For converting the code of the mean into the original 
series, the following procedure may be taken. Taking the 
first group of serum as an example, the mean was calcu- 
lated to be 5.01 in terms of the code. 5.01 lies between 
5 and 6. 5 corresponds to 1 ; 20 X Z". 5.01 should cor- 
respond to 1 ; 20 X a’ " or 1 : 645. 

RESULTS 

The first group consisted of 31 1 samples of serum 
obtained from 193 patients with rheumatic fever 
representing wide variations in severitj' and dur- 
ation of activity of the disease. Only 23 of the 31 1 
(7.47.) failed to show any agglutination (nega- 
tive), and 269 (86.5%) showed agglutination 


titers of 1 : 160 or higher. The geometric mean 
titer of the group as a whole was 1 : 645 (or 5.01, 
in terms of the code, with a standard deviation of 
2.26 and standard error of 0.128) (Figure 1-A). 

Sera from some of the rheumatic fever patients 
were further studied to determine the relation of 
the agglutination titer to the stage of the illness. 
Of the 311 samples of sera (charted in Figure 
1-A), 49 were obtained from rheumatic fever pa- 
tients whose detailed histories were not definitely 
known. Since the stage of their disease could not 
be determined accurately they were excluded from 
this analysis. One hundred and sixty-three sam- 
ples were taken during the active phase of their 
illness and of these, 13 (8%) were negative and 
139 (85.3%) had a titer of 1 : 160 or higher, with 
a mean agglutination titer of 1 : 640 (or 5.0, in 
terms of the code, with a standard deriation of 2.29 
and a standard error of 0.182). It is noteworthy 
that the specimens of serum from ten of the 13 
negative reactors were obtained i'.Tthin one week 
of the onset of their disease (Figure 2-A). 
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Twenty-nine samples were obtained from rheu- 
matic fever patients when the activity of the dis- 
ease was considered to be subsiding. None of 
these was negative and the agglutination titer of 
28 samples was 1 ; 160 or higher, with a mean 
titer of 1 ; 1084 (or 5.76, in terms of the code, with 
a standard deviation of 3.01 and standard error of 
0.558) (Figure 2-B). 

Of 63 specimens of sera obtained from rheu- 
matic fever patients during the inactive phase of 
their illness; seven (11.1%) were negative and 53 
(84.2%) had a titer of 1 ; 160 or higher with a 
mean titer of 1 :456 (or 4.51, in terms of the code, 



Fig. 3. Comparison of Mean Agglutination Titers 
OF Rheumatic Fever Patients at Various Ages with 
Those of “Normals”' of the Sample Age Group 
In the top graph, the dotted line and crosses represent 
the distribution of mean agglutination titers of the rheu- 
matic fever group at various ages; and the horizontal 
broken line, the grand mean titer of the rheumatic fever 
group (1 ; 596 for a total of 266 samples). 

In the lower graph, the lines and crosses represent the 
distribution of mean agglutination titers of the normal 
group at various ages; and the horizontal broken line, 
the grand mean titer of the “normal” group (1:56 for 

a total of 97 samples). _ 

The numerical at each point indicate the number of 

samples examined at that particular age group. 


60 



Fig. 4. Percentage Distribution of Agglutination 
Titers of Serum from Rheumatic Fever Patients 
AND FROM “Normal” Subjects of Ages Between Five 
and 40 

The circles represent rheumatic fever patients ; the 
crosses, “normal” subjects. 

with a standard deviation of 2.42, and a standard 
error of 0.305) (Figure 2-C). 

There were seven samples of serum from pa- 
tients with a diagnosis of possible rheumatic fever ; 
and of these one was negative, and six had titer 
above 1:160. The mean agglutination titer was 
1 : 640 (or 5.0 in terms of the code, with a stand- 
ard deviation of 1.73, and standard error of 0.655). 

From our data, the ages of 268 rheumatic fever 
patients were definitely known. Of these, 266 fell 
between the ages of five and 40. The mean agglu- 
tination titers of serum samples grouped in five- 
year periods were computed. The mean agglutina- 
tion titer of the whole group was estimated to be 
1 : 596. Of the same age group (five to 40), 97 
samples from normal controls were recorded. 
They were analyzed in the same manner. The 
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mean agglutination titer of this group was 1 : 56. 
The difference between the mean agglutination 
titers of these two groups of population at the 
same ages was statistically significant (Figure 3). 
The percentage distributions of agglutination titers 
of these two groups were essentially the same as 
the original corresponding group (Figure 4). 

Serial bleedings of three or more samples from 
each individual were obtained from 32 patients of 
the rheumatic fever group; they represented pe- 
riods of observation varying from 21 to 245 days. 
In general, the agglutination reaction was negative 
in the first few days after the onset of the acute ill- 


ness; thereafter the titer rose fairly rapidly to a 
level of 1 ; 320 or higher during the active stage ; 
and during the convalescent phases, it usually re- 
mained at this high level. In the few instances 
when the agglutination titer fell, the level, never- 
theless, remained much higher than the mean 
titers of the control groups. Readings from three 
representative patients are shown in Figure 5. 

Of the second group, comprising 50 samples of 
sera from 38 patients suffering from rheumatoid 
arthritis, three (6%) were negative and 44 (88%) 
had titers of 1 : 160 or higher. The mean titer for 
the group was 1 ; 614 (or 4.76 in terms of the code, 


PATIENT WIN 



PATIENT SE PATIENT PC 




Fic. 5. The Agglutination Titer of Serum from Three P.\tients with Rheumatic Fever as Corre- 
lated TO THE Clinical Course of the Disease 
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TABLE I 


The distribution of the agglutination titers of the five groups of serum examined 


Titer 

Code 

Rheumatic 

fever 

Rheumatoid 

arthritis 

Streptococcal 

diseases 

"Other" 

diseases 

"Normal” 

subjects 



No. 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

Negative 

0 

23 

7.4 

3 

6 

3 

4.0 

61 

44.5 

97 

60.6 

1:40 

1 

KB 

2.9 

0 

0 

1 

1.3 

10 

7.3 

10 

6.2 

1:80 

2 

msm 

3.2 

3 

6 

2 

2.7 

11 

8.0 

15 

9.4 

1:160 

3 

20 

6.4 

4 

8 

10 

13.4 

10 

7.3 

11 

6.9 

1:320 

4 

46 

14.8 

13 

26 

17 

22.6 

16 

11.6 

12 

7.5 

1:640 

5 

64 

20.6 

8 

16 

23 

30.6 

8 

5.8 

7 

4.4 

1:1280 

6 

57 

18.4 

11 

22 

12 

16.0 

10 

7.3 

6 

3.8 

1:2560 

7 

39 

12.6 

4 

8 

5 

6.7 

7 

5.1 

1 

0.6 

1:5120 

8 

36 

11.5 

2 

4 

1 

1.3 

4 

2.9 

1 

0.6 

1 : 10240 

9 

7 

2.2 

2 

4 

1 

1.3 

0 

0 

0 

0 

Total for each group 


311 

100.0 

50 

100 

1 

75 

99.9 

137 

99.8 

160 

100 

Mean titer for each 
group 


1 

1:645 

1 

1:542 

1:472 

1:95 

1: 

49 


with a standard deviation of 1.68 and standard er- 
ror of 0.194) (Figure 1-B). 

The third group of sera comprised 75 samples 
from 65 patients who were either in the active 
or convalescent stage of scarlet fever or other 
bacteriologically proven streptococcal infections. 
Three (4%) of the 75 samples collected were neg- 
ative and 69 (92^0) showed a titer of 1 : 160 or 
over, with a mean titer of 1 : 472 for this group 
(or 4.56 in terms of the code, with a standard de- 
viation of 1.68 and standard error of 0.194) 
(Figure 1-C). 

The jotirth group (one of the two control 
groups) of sera included 137 specimens of serum 
obtained from 133 patients in the Grace-New 
Haven Community Hospital with infectious and 
non-infectious diseases other than those given 
above. Of the 137 sera in this group, 61 (44.5%) 
gave negative results and 55 (40.2%) had an 
agglutination titer of 1:160 or higher. The 
mean agglutination titer was 1 : 95 (or 2.24 in 
terms of the code, with a standard deviation of 
2.53 and a standard error of 0.216) (Figure 1-D). 

In this fourth group, 1 1 patients suffering from 
lobar pneumonia were also included. The sera of 
nine of them gave negative results and two demon- 
strated an agglutination titer of 1 : 80 with a mean 
titer of 1 : 17. This fourth group also included 14 
patients with tonsillitis in whom definite bacterio- 
logical proof for hemolytic streptococcus as the 
causative organism was lacking. Among these 14 
the sera of three gave a negative reaction, while 


those of ten gave agglutination titers of 1 : 160 
or higher. The mean titer of the 14 was 1 ; 290 
(or 3.86 in terms of the code, with a standard de- 
viation of 2,50 and standard error of 0.664). Af- 
ter the exclusion of these 14 patients, the mean ag- 
glutination titer of the fourth group became 1 ; 83 
(or 2.06, with a standard deviation of 2.48 and a 
standard error of 0.223). 

The fifth group (the other control group) com- 
prised sera from “normal” subjects, and included 
apparently healthy subjects, surgical patients such 
as those with simple fractures or hernias, and those 
admitted for routine tonsillectomy and adenoidec- 
tomy. From 142 “normal” ® subjects, 160 sam- 
ples of sera were obtained. Of the 160, 97 
(60.6%) were negative and 38 (23.8%) showed 
a titer of 1 : 160 or higher. The mean agglutina- 
tion titer for the group was 1 : 49 (or 1.29, in terms 
of the code, with a standard deviation of 1.94 and 
standard error of 0.153) (Figure 1-E). 

A comparison was made of the above five groups 
with regard to the percentage distributions of 
their agglutination titers. This is illustrated in 
Figure 1-F. 

No special effort was made to determine the ex- 
perimental error of this particular agglutination 
test. However, from repeated tests on 25 sam- 
ples of serum (two tests on each sample at differ- 

= The word “normal” is used in this paper for con- 
venience as the designation for this heterogeneous group 
of subjects who were apparently healthy or had no 
obvious infectious diseases. 
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ent times and with different preparations of the 
bacterial suspension), the mean difference of ag- 
glutination titers was found to be less than two- 
fold. Therefore, a four-fold difference of the ag- 
glutination titers may be considered significant. 

DISCUSSION 

Significance of finding. From the observations 
made, there was no statistically significant differ- 
ence of the mean agglutination titers among the 
first three groups, viz., rheumatic fever, rheuma- 
toid arthritis and streptococcal diseases. The dif- 
ferences between the mean titers of each of these 
three groups and the fourth (or patients suffer- 
ing from diseases other than the above three) 
were highly significant statistically. Likewise, the 
differences between the mean titers of each of the 
above first three and the last group (composing 
“normal” subjects) also were significant. Though 
a statistically significant difference between the 
two control groups {i.e., the fourth and the fifth) 
was demonstrated, this might be explained by the 
inclusion of patients suffering from tonsillitis and 
other similar conditions where definite bacterio- 
logical proof of causation by the hemolytic strepto- 
coccus was not obtained. The agglutination titers 
of the sera of these tonsillitis patients were, on the 
average, higher than those of the sera of other pa- 
tients. The result of the fourth group as a whole 
might thus be influenced to some extent. How- 
ever, the exclusion of these 14 patients did not 
significantly alter the mean agglutination titer of 
the fourth group. The differences between the 
fourth group after exclusion of these patients and 
the fifth group remained still significant. Among 
other causes, it is conceivable that an anamnestic 
reaction caused by the present illness on previous 
experiences with the streptococcus, known or un- 
known, might also contribute to the slightly higher 
mean titer of the fourth group. Therefore, this 
difference between the two control groups might 
not be taken too seriously. The frequency dis- 
tribution curves of the agglutination titers of these 
two control groups were essentially the same (Fig- 
ure 1, D and E). Those of the first three groups 
followed the pattern of the normal distribution 
cur\-e (Figure 1). 

Because the mean agglutination titers of the con- 
trol groups were below 1 : 100, and those of the 
three test groups were above 1 : 320, it has seemed 


reasonable to set the tentative line of demarcation 
between the control and the test groups at the level 
of 1 : 160. Therefore, if this test is to be used for 
clinical diagnostic purposes and when rheumatic 
fever is suspected, an agglutination titer of the pa- 
tient’s serum against autoclaved hemolytic strepto- 
coccus above 1 : 160 may be considered suggestive. 
From the estimation made by means of an em- 
pirical equation, y = 2.55 which 

was constructed from the data of the rheumatic 
fever group, the chances that the serum sample 
from a rheumatic fever patient would show an ag- 
glutination titer of, or over, 1:160 were 85 times 
out of 100. For the serum of a “normal” subject, 
the chances of being so were only about 20 times 
out of 100, as estimated from an empirical equa- 
tion, y = 90 which was computed from our 

data. The estimate for the latter group was in- 
evitably rather high, perhaps because the fre- 
quent occurrence of unrecognized infections of 
hemolytic streptococcus may give rise to an in- 
creased antibody titer. In the rheumatic fever 
group, a negative agglutination reaction, or a posi- 
tive one with a low titer, might be explained by the 
fact that, at very early stages of the disease, the 
individual might not have elaborated enough anti- 
bodies against the “infection” to give a positive 
reaction with a high titer above the normal level. 
Moreover, there are always individual variations 
in the reaction to any antigenic stimulation. It is 
not to be expected, therefore, to observe a uniform 
narrow range of antibody titer. As is well known, 
for example, in the production of diphtheria anti- 
toxin some horses are encountered which are re- 
fractory to diphtheria toxin or toxoid. 

Rhetiviatic fever. Since rheumatic fever is 
mainly a disease of younger age groups, the ques- 
tion may be raised as to whether the age distribu- 
tion of the rheumatic fever patients was sufficiently 
different from the control groups as to make a com- 
parison impossible. As shown in Figure 3, the 
differences between the mean agglutination titers 
of the serum of these two groups of population at 
the same ages were statistically significant. Fur- 
tliermore, the percentage distribution of agglutina- 
tion titers of tliese two groups did not differ from 
their original corresponding groups. This setwes 
as additional evidence that the agglutination titers 
were higher in rheumatic fever patients than in 
“normal” subjects. 
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From the studies on serial samples taken from 
patients at various stages of rheumatic fever, a 
negative reaction was observed with sera obtained 
within a week of the onset of the disease and the 
agglutination titer subsequently rose fairly rapidly 
and thereafter remained elevated. Thulin (3) at- 
tributed this agglutination reaction to an “O anti- 
gen” in the hemolytic streptococci. He also ob- 
served that “the O agglutinins are acute antibodies 
which, as a rule, make their appearance in seven to 
14 days after the onset,” and “in chronic cases, 
. . . the O agglutinins remain relatively un- 
changed.” A negative reaction, therefore, does 
not exclude the presence of rheumatic fever par- 
ticularly in the early stages, but a rise of the titer 
during the course of the disease is very suggestive. 
Repeated determinations at weekly intervals would 
appear to be indicated when the test is used as an 
aid in diagnosis. The degree to which sustained 
elevation of streptococcal agglutinins are main- 
tained in rheumatic fever in possible contrast to the 
response in acute streptococcal disease is as yet 
unknown. 

Rheumatoid arthritis. Extensive work has been 
done on agglutination reactions against hemolytic 
streptococcus with sera from patients suffering 
from rheumatoid arthritis. However, not many of 
the previous studies included numerous samples of 
sera from patients with rheumatic fever. The ma- 
jority of them have shown higher values for rheu- 
matoid arthritis and thus constituted a differential 
test between rheumatoid arthritis and rheumatic 
fever. The bacterial suspensions employed were 
either live cultures of streptococci or streptococcal 
suspensions killed at 56° C. Because the methods 
used were so different, a comparison of the data 
of previous studies with the results of the present 
work cannot easily be made. Although Clawson 
et al. (7) and Goldie (8, 9) demonstrated no dif- 
ference of agglutination titers between sera from 
rheumatoid arthritis and rheumatic fever patients, 
the bacterial suspensions used by the two groups 
of workers were different. The size of the popu- 
lation examined and the stage of disease when the 
samples were collected are among the important 
factors which contribute to the variations in anti- 
body titer, as demonstrated by different investi- 
gators. Using autoclaved hemolytic streptococci, 
Thulin obtained higher agglutination titers in 
rheumatoid arthritis and rheumatic fever patients 


than in controls. In the series published in 1947 by 
him (2) 34 out of 43 of the “chronic polyar- 
thritis” group showed agglutination titers of 1 : 160 
or higher and none was negative. Of the rheu- 
matic fever group, 13 of 16 showed agglutination 
titers of i : 160 or higher and none was negative; 
and of the control group, 114 of 117 were negative 
while not a single sample had a titer of 1:160 or 
higher. The following information was given in 
his latest monograph (3) : 54 patients with rheu- 
matic fever were examined by him within three to 
six months after onset; 51.9% of them showed an 
agglutination titer of 1 : 160 or higher. Over half 
of each of 20 scarlet fever patients and of 20 pa- 
tients with acute tonsillitis had agglutination titers 
of 1:160 or higher. Of 285 patients with rheu- 
matoid arthritis, 51.6% gave titers of 1:160 or 
higher. Only 7.6% of the control serum showed 
agglutination titers of 1:40 or higher. Our ob- 
servations, as noted above, agree well to these 
points. 

From the present study, this agglutination test 
could not differentiate rheumatic fever from rheu- 
matoid arthritis. Since the number of series of 
bleedings at various stages of illness obtained from 
patients suffering from rheumatoid arthritis was 
not large, it is rather difficult to make definite com- 
ment on the usefulness of the test in diagnosis. This 
awaits the results of further investigation. Never- 
theless, from our limited data, it appeared worth- 
while to use this test in patients with rheumatoid 
arthritis as in cases of rheumatic fever. 

The similarly high agglutination titers of the 
sera from patients with rheumatic fever and from 
those with hemolytic streptococcus has pointed to 
a possible etiological association of hemolytic 
streptococcus with rheumatic fever. On the other 
hand, one might take this finding as analogous to 
the Weil-Felix reaction in rickettsial diseases. 
This seems less likely in view of the epidemiologi- 
cal evidence of an association between strepto- 
coccal infections and rheumatic fever. Whether 
a similar interpretation can be applied to rheuma- 
toid arthritis is beyond the scope of the present 
study. One may still wonder whether similarly 
high agglutination titers would be obtained with 
other autoclaved organisms, particularly other 
Gram positive or negative cocci. As mentioned 
above in the fourth group of sera examined, nine 
out of 1 1 samples of serum obtained from patients 
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with lobar pneumonia failed to agglutinate the 
autoclaved streptococci. This offered evidence for 
the specificity of this particular agglutination reac- 
tion. The denaturation of protein by heat has 
probably left the somatic polysaccharide alone 
among the known factors to be considered of any 
consequence in serving as the antigenic fraction 
responsible for the agglutination reaction. Fur- 
ther studies on the specificity of this reaction and 
the possible part played by the group-specific poly- 
saccharide have been reported elsewhere (10). 

SUMMARY 

agglutination reaction using autoclaved 
(120° C for two hours) hemolytic streptococci 
has been described and investigated. It has been 
used in this study with samples of serum from pa- 
tients with rheumatic fever, rheumatoid arthritis, 
and streptococcal diseases, as well as with other 
conditions. 

The agglutination titers in groups of patients 
with rheumatic fever, rheumatoid arthritis, and 
streptococcal diseases did not differ significantly 
one from the other. The titers in each of these 
conditions were significantly higher than in the 
control groups. 
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The precise role of platelets in the coagulation 
of blood has long been a matter of debate. Ac- 
cording to the classical theory of blood coagulation, 
platelets are the most important source of the 
thromboplastic substance necessary to convert 
prothrombin to thrombin (1 ) . On the other hand 
Lenggenhager (2, 3) believes that platelets play 
no part in the initiation of coagulation. It is a 
well-known fact that patients with thrombocyto- 
penia rarely have defective blood coagulation as 
measured by the usual laboratory tests. Aggeler 
and his associates (4) in a recent study of 404 pa- 
tients found no statistically significant correlation 
between platelet counts and the clotting times of 
whole blood. While in most cases of thrombo- 
cytopenia the clotting time of whole blood is nor- 
mal, there may be a diminished consumption of 
prothrombin during clotting (5). Quick (6) has 
shown that there is a decreased consumption of 
prothrombin during the clotting of plasma in which 
the platelet concentration has been reduced by 
centrifugation. 

Studies on the function of platelets in coagula- 
tion have been hampered by the difficulty of ren- 
dering plasma to which no anticoagulant has been 
added platelet-free before spontaneous coagulation 
occurs. However, the addition of anticoagulants 
has not simplified the problem. Quick (7) has 
called attention to the acceleration of clotting pro- 
duced by decalcification and subsequent recalcifica- 
tion, presumably as a result of physico-chemical 
alterations in which platelet rupture may play a 
major part. 

Numerous studies have been undertaken using 
decalcified blood. Eagle (8) has shown that the 
clotting time of oxalated plasma upon recalcifica- 
tion varies inversely with the concentration of 
platelets, Cramer and Pringle (9) and Eagle (8) 
found that oxalated plasmas after Berkefeld filtra- 
tion were incoagulable upon recalcification. How- 


ever, in view of our present knowledge it seems 
quite likely that the prothrombin was removed in 
the process of filtration. 

Brinkhous (10) studied the recalcified plasma 
clotting time of citrated human plasma collected in 
silicone-treated apparatus. After 22^ hours of 
centrifugation at 14,000 RPM (about 14,000 g), 
this plasma was incoagulable upon recalcification. 
Centrifugation for 165 minutes failed to produce 
incoagulable plasma. This difference in clotting 
behavior was presumed to be due to the complete 
removal of platelets after the prolonged centrifuga- 
tion. The author concluded that the clotting of 
normal plasma depends on the presence of formed 
elements. No platelet counts were recorded. In 
our experience platelets can be completely removed 
at 14,000 g in much less time than 165 minutes. In 
Brinkhous’ experiment the failure of the plasma 
to clot might well be explained by changes not re- 
lated to platelets. 

A number of attempts have been made to prepare 
platelet-free plasma without anticoagulants. Bor- 
det and Gengou (11, 12) collected blood in par- 
affin-coated vessels and removed the formed ele- 
ments by centrifugation. The supernatant plasma 
was found to clot promptly when placed in glass 
tubes, but the clotting time in paraffined tubes was 
greatly prolonged. These authors believed that 
initiation of coagulation was brought about by a 
physico-chemical change induced in platelet-free 
plasma by contact with glass surfaces. Whether 
or not their plasmas were actually platelet-free 
cannot be determined. 

Fuchs (13, 14) on the other hand reported the 
preparation of a “Stable Plasma” without the use 
of anticoagulants by means of special venipuncture 
technique, paraffin-lined apparatus, low tempera- 
tures and rapidly attained high-speed centrifuga- 
tion. Although the characteristics of this “Stable 
Plasma” were not clearly described, Fuchs stated 
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that it was spontaneously incoagulable in glass and 
paraffined tubes. Feissly (IS) and Smith, Warner 
and Brinkhous (16) have been unable to confirm 
Fuchs’ observations using similar techniques. 

Jaques and his co-workers (17) have intro- 
duced into blood coagulation studies a method for 
coating laboratory apparatus with a non-wettable 
surface of silicone.^ With this apparatus it is pos- 
sible to obtain a fluid plasma free of platelets with- 
out the use of anticoagulants. Jaques and his as- 
sociates presented experimental data to show that 
as the number of platelets is reduced by centrifuga- 
tion the spontaneous clotting time of this native 
(undecalcified) plasma becomes longer. How- 
ever, their lowest reported platelet counts were in 
the neighborhood of 2500 per cmm., a level not 
approaching platelet-free. These authors believe 
that in silicone-coated containers the initiation of 
coagulation is independent of platelet action. 

Quick (6) using silicone-treated apparatus 
found a decreased consumption of prothrombin 
during the process of clotting when native plasmas 
were subjected to “high-speed” centrifugation 
(3500 RPM for seven minutes) as compared to 
“low-speed” centrifugation. This finding was at- 
tributed to the removal of all but a few of the plate- 
lets. However, no platelet counts were recorded. 
Quick did not obtain spontaneously incoagulable 
plasmas, but he believed it highly probable that 
with removal of all the platelets before any dis- 
integration occurs, a spontaneously incoagulable 
plasma could be obtained. 

Patton, Ware and Seegers (18) studied the 
clotting behavior of normal dog plasma by means 
of silicone-treated apparatus and high-speed cen- 
trifugation. They were unable regularly to obtain 
spontaneously incoagulable plasma, and found that 
platelet-free plasma clotted as promptly in silicone- 
treated as in glass tubes. For this reason they 
concluded that there was no evidence for the view 
that plasma contains a soluble factor which can ini- 
tiate clotting independent of platelet action. In 
view of the high-speed centrifugation employed 
(22,000-23,000 RPM) it seems possible that the 
plasma thromboplastic protein described by Oiar- 
gaff and West (19) could have been removed in 
these experiments. 

The purpose of our studies was to determine the 
clotting b ehavior of human platelet-free plasma 

' General Electric Dri-Film 9987. 


prepared by the use of silicone-treated apparatus 
and high-speed centrifugation. 

METHODS 

Preparation of “platelet-free" plasma: Needles, syr- 
inges, test-tubes and pipets were treated with silicone 
after the method described by Jaques (17). When draw- 
ing blood, in order to avoid contamination with tissue 
juice, we employed a multiple syringe technique, discard- 
ing the contents of the first syringe. Thirty to 40 ml. 
of blood from the second syringe were carefully placed 
in iced silicone-treated tubes and centrifuged at 7000 RPM 
(about 6000 g) at 4° C for five minutes to remove the 
cells and most of the platelets. The upper portion of the 
plasma was removed with a silicone-treated pipet and 
re-centrifuged at 12,000 to 14,000 RPM (17,500-22,000 g) 
for 10 minutes. Occasionally another centrifugation at 
this speed was performed. Thereafter the upper portion 
of this plasma was removed and stored in silicone-treated 
tubes in an ice bath. Normal plasma obtained in this 
manner remains fluid for at least several days at 4° C. 

Clotting times: All clotting times were performed by 
a modified Lee- White three tube method at 37° C using 
scrupulously clean glass or silicone-treated tubes. With 
this technique normal individuals occasionally have a 
whole blood clotting time in glass tubes as long as 30 
minutes, and the clotting time in silicone tubes may be 
much longer. For the sake of brevity only the clotting 
time in the third and most significant tube is recorded, 
although it is ordinarily wise to consider the results in 
all three tubes. Clotting tubes were observed for a mini- 
mum period of 24 hours. 

Prothrombin times: Prothrombin times were deter- 
mined by the one-stage method of Quick using a highly 
standardized rabbit-brain thromboplastin prepared accord- 
ing to the technique of Brambel (20). Since the native 
“platelet-free” plasma had not been decalcified, in the 
prothrombin estimations on this plasma 0.1 ml. of physio- 
logical saline was used in place of 0.1 ml. of M/40 cal- 
cium chloride. 

Anticoagulant assays: Tests for the presence of circu- 
lating anticoagulants were performed by adding freshly 
drawn normal blood to the subject’s "platelet-free” 
plasma, and noting the effect on the clotting time of the 
former. Details on the use of this method and its sensi- 
tivity to heparin have been reported (21). 

Platelet counts: Platelet counts on whole blood were 
performed by a routine method employing Rces-Eckcr 
diluent. Normal values in our laboratory arc in excess 
of 200,000 per cmm. Platelet counts on "platcict-frcc” 
plasma were performed by introducing the undilutcil 
plasma into a Spencer “Bright-Line" counting chamlxr. 
The use of silicone-treated cover-slips delayed clotting 
30 minutes or more, enabling one to complete accurate 
counts. By using the fine adjustment of the microscope 
the entire area between the cover-slip and chamber was 
visualized so that platelets which liad not settled to the 
counting ch.amber surface could be counted. All rcfrac- 
tilc bodies resembling platelets in any manner whatsoever 



342 


C. LOCKARD CONLEY, ROBERT C, HARTMANN, AND WILLIAM I. MORSE, 11 


were counted, so that reported values are maximal and 
correct values are probably somewhat lower. 

Preparation of plasmas with varying platelet concen- 
trations: In order to study further the role of platelets 
in clotting, different specimens of the same native plasma 
were rendered “platelet-free” by high-speed centrifugation 
and platelet-rich by very low speed centrifugation. Plate- 
let counts were performed, and the two plasmas then 
mixed in varying proportions. 


RESULTS 

Eighty-six human subjects were studied. Of 
these, 41 were normal individuals and the re- 
mainder were patients with various diseases. 

NORMALS 

Studies of the clotting behavior of normal 
“platelet-free” plasma correlated with the whole 


TABLE I 

The clotting behavior of normal “platelet-free” and “platelet-poor” plasmas correlated with the 
whole blood clotting times and prothrombin times of oxalated plasmas 


Subject 

Whole blood 
clotting times 
in glass tubes 

Prothrombin 
times of 

oxalated plasma 

Native "platelet-free" plasma 

Platelets 

Glass tube 
clotting times 

Silicone tube 
clotting times 

Prothrombin 

times 



sec» 

per cmm. 

' . viin. 

Ptin, 

SfC, 

1 

11 

— 

60 

13 

— 

— 

2 

10 

— 

60 

15 

— 

— 

3 

16 

17 

20 

1 77 

— 

— 




20 

31 

‘ — 

— 

4 

14 


20 

29 

— 

— 

5 

21 


20 

74 

— 

— 

6 

15 


>1000 

14 

— 

— 

7 

17 

16 

20 

12 

— 

— 

8 

24 

16 

96 

35 

— 

15 

9 

29 

17 

55 

42 i 

— 

16 

10 

23 

18 

500 

53 

— 

14 

11 

27 

16 

230 

27 

— 

13 

12 

10 

— 

None 

9 

— 

14 

13 

14 

17 i 

None 

17 i 

— 

IS 

14 

15 

15 

40 

34 : 

— 

11 

15 

18 1 

j 

200 

24 j 

— 

13 

16 

23 

18 

12 

20 

— 

16 

17 

17 

21 

8 


23 

18 

18 

24 

— 

3 

i 

45 

— 

19 

17 

— 

>1000 

24 

34 

— 

20 

14 

— 

None 

19 

60 

— 



9 

24 

34 

— 

21 

12 

— 

4 

31 

75 

— 



None 

36 

126 

— 

22 

24 

22 

None j 

48 

183 

20 


None 

41 

75 

23 

23 

11 

18 

None 

14 

16 

19 

24 

14 

19 

3 ; 

35 

46 

19 

25 

15 

18 

50 

15 

15 

17 

26 

19 

— 

21 

8 

10 

— 

27 

32 

19 

11 

140 

>210 

17 

28 

19 

19 

8 

26 

28 

19 

29 

17 

22 

6 

47 

>70 

19 

30 

19 

— 

16 

14 i 

30* 

18 

^1 

16 

19 

2 

26 

47* 

20 


22 

21 

11 

62 

320* 

— 


22 

21 

10 j 

39 

No clots 72 hrs.* 

18 

7.± 

21 



13 

60 

>130* 

23 


17 

21 

1 

42 

140* 

20 

OO 

15 

21 

1 

17 

No clots 48 hrs.* 

19 

oo 

17 

20 

3 

54 

No clots 72 hrs.* 

21 

o / 

19 

18 

5 

47 

165* 

19 

^0 

18 

18 

1 

70 

' No clots 24 hrs.* 

23 


16 

16 

3 

27 

! 63* 

18 

W 

41 

22 

16 

4 

33 

Partial clot 24 hrs.* 



Note: All determinations on each subject were made on a specimen obtained from the same venipuncture. All pro- 
cedures^were^cam^^OTt^^t 3 improved technique of re-coating the silicone-treated tubes before each use was em- 
ployed. 
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clotting behavior of human “platelet-free” plasma 

blood clotting time in glass tubes and the pro- platelet counts under 1000 per cmm. there appeared 
thrombin time of oxalated plasma are shown in to be no correlation between platelets and clotting 

Table I. fime. Completely platelet-free plasmas did not 

We abandoned the routine use of "silicone- have clotting times longer than plasmas containing 
treated tubes for determination of the whole blood a few platelets. 

clotting time, since the results were too variable. Clotting of normal platelet-free plasma in glass 
poor clots were formed, and it was difficult to rec- tubes could be prevented by the addition of sodium 
ognize end-points. The clotting time of whole oxalate. This indicates that thrombin did not 
blood in silicone-treated tubes seems to be more a exist in the platelet-free plasma prior to its intro- 
measure of imperfection in technique than of the duction into glass tubes. As a matter of fact, no 
inherent properties of the blood. Theoretically thrombin was demonstrable until immediately 
blood should not clot in silicone-treated tubes if prior to the onset of visible clotting, 
technique were perfect. In our early experiments we did not recoat the 

It was not always possible to obtain a plasma silicone-treated clotting tubes before each use. 
entirely free of retractile bodies even when re- Under these conditions the clotting times of 
'peated high-speed 'centrifugations were used. It “platelet-free” plasmas in silicone-treated tubes 
seemed unlikely that all of these retractile bodies were not always significantly longer than the 
were platelets, although they must be presumed to clotting times in glass tubes. When freshly pre- 
be and were recorded as such. In some instances pared silicone-treated tubes were used, a signifi- 
platelets appeared to be completely absent. To cant difference was constantly observed. In fact, 
emphasize the extremely small number of platelets in four cases (cases Nos. 33, 36, 37, 39) ihe plas- 
remaining after centrifugation we have called these vias jormed no clots in silicone-treated tubes at 
plasmas “platelet-free” in contrast to the “de- 37° C. In two of these there was a very slight pre- 
plateletized” plasmas of Tocantins (22) which cipitation of some amorphous material but no true 
contained as many as 20,000 platelets per cmm. clot formation. In the other two cases, although 
Furthermore, we found no difference in behavior the plasmas became slightly cloudy after several 
of plasmas containing 0 to 100 platelets per cmm. hours, there was not the slightest evidence of pre- 
Normal "platelet-free" plasmas invariably clot- cipitation or fibrin formation. It seems possible 
ted in glass tubes at 37° C in a relatively short that with constantly perfect technique one could 
time. There was considerable variation in the regularly obtain platelet-free plasmas spontane- 
time required for this clotting. In most instances, ously incoagulable in silicone-treated tubes at 
however, the clotting time of normal “platelet- 37° C. 

free” plasma in glass tubes was longer than that When thromboplastin was added to these 
of the whole blood from which it was derived, “platelet-free” plasmas, prompt clotting occurred 
Even with careful technique it was rarely possible silicone-treated tubes. The prothrom- 

to demonstrate a perfect correlation between plate- times of these plasmas were almost the same as 
let counts and clotting times (Table II). With prothrombin times of oxalated plasmas ob- 

tained from the same venipuncture. Native 
TABLE II “platelet-free” plasmas maintained their prothrom- 

^Pimlaneous^ clotting times of native bin activity as measured by the one-stage method 

when they were stored in a frozen state, whereas 
the prothrombin times of frozen oxalated plasmas 
became a few seconds longer. Freezing and thaw- 
ing of “platelet-free” plasma in silicone-treated 
tubes resulted in shortened clotting times. 

The mechanism of clotting of “platelet-free” 
plasma was obseiwed in Spencer “Bright-Line” 
counting chambers. Clotting occurred first on the 
cover-slip and not until later on the silvered count- 
ing chamber surface. Clotting definitely did not 


plasma to me number of plaletets present 

Platclels^ 1 < L„ 1 1 1 L 


Clotting time 
•n giajs 


37° C. 

(in minutes) 


2&,000 

S6.000 

140,000 

280,000 

420.000 

560,000 

33 

24 

19 

IS 

9 

11 


tm were obUined from pooled sources by hieh- ; 

centnfugations respectively. Platelet cou 
portio^”'^'™'^'^' plasmas mixed in varj-ing j: 



344 


C. LOCKARD CONLEY, ROBERT C. HARTMANN, AND WILLIAM I. MORSE, II 


begin around platelets when they were present. As 
clotting occurred small retractile structures ap- 
peared at the crossings of the fibers. Although no 
platelets may have been present before clotting 
occurred, thousands of these retractile structures 
could be seen at the fiber crossings once clotting 
began. If a few platelets were present, these 
were seen to settle to the chamber surface and dis- 
appear only after clotting was well under way. 

By altering the platelet concentrations of plas- 
mas we were able to demonstrate that the degree 
and speed of clot retraction varied directly with 
the number of platelets present. This correlation 
was poor and irregular in glass tubes but excellent 
in silicone-treated tubes. Clot retraction occurred 
promptly with platelet-counts as low as 20,000 per 
cmm. in silicone-treated but not in glass- tubes. 
The clots of platelet-free plasmas did not retract 
either in glass or in silicone-treated tubes. 

The dynamics of the coagulation of platelet-free 
plasma in glass tubes was studied by determining 
the time of thrombin appearance, fibrinogen utiliza- 
tion, and prothrombin consumption. .Results of 
a representative experiment are shown in Table 
III. In general there was minimal prothrombin 


consumption even over a period of several hours. 

In order to investigate a possible quantitative 
relationship between platelet concentration and the 
amount of prothrombin converted in the process of 
clotting, prothrombin times of the residual serum 
after clotting were determined using plasmas con- 
taining varying numbers of platelets. The results 
in Table IV show a striking correlation even at the 
higher platelet levels when glass tubes were used. 
In silicone-treated tubes prothrombin consumption 
was minimal regardless of the number of platelets 
present. 

High-speed centrifugation did not prolong the 
prothrombin time of native plasma when rabbit 
brain extract was used as a source of thrombo- 
plastin. However, prothrombin times with Rus- 
sell’s viper venom - were greatly prolonged by 
high-speed centrifugation. Similar observations 
on oxalated plasmas were reported by Macfarlane 
( 23 ). 

Plasmas from fasting individuals gave the best 
results in our experiments. In grossly fatty plas- 

2 Stypven, Wellcome Physiological Research Labora- 
tories, Beckenham, England. 


TABLE in 


The dynamics of the coagulation of normal platelet-free plasma: tests for the rate of thrombin formation, 
fibrinogen utilization, and prothrombin consumption 


Time after 
plasma 
transferred 
to glass 
tube at 

37° C. 

Gross appearance 
of plasma 

Assay for thrombin 
Clotting time of the mixture: 
0.2 ml. oxalated plasma* 

0.2 ml. platelet-free plasma 

Assay for fibrhtogcti 
Clotting time of the mixture: 
0.2 ml. thrombinf solution 

0.2 ml. platelet-free plasma 

Assay for prothrombin 
Clotting time of the mixture: 

0.1 ml. thromboplastin 

0.1 ml. prothrombin-free plasmat 
0.1 ml. platelet-free plasma 

min. 


sec. 

sec. 

sec. 

0 

Fluid 

No clots 

7 

16 

1 

Fluid 

No clots 

— 

— 

5 

Fluid 

No clots 

— 

— 

10 

Fluid 

No clots 

— 

— 

13 

Small fiber 

No clots 

10 

— 

15 

1 Definite fibrin forma- 
tion 

420 

— 

17 

Solid clot 

240 

7 

— 

20 

(Clot compressed to re- 
! move "plasma”) 

75 

i 11 

- — . 

23 

Re-appearance of solid 
clot 

60 

IS 


24 

28 

31 

35 

45 

55 

75 

— 

74 

No clots 

16 


85 

No clots 



120 

No clots 

17 


No clots 

No clots 



No clots 

No clots 

15 

— 

No clots 

— 

15 

135 



1 

16 


* Eiffht Darts prothromoin-iree piasnia v'-'d.num auudic ausui ^ yen t.uuium oxaiate. 

+ Thrombin Uoiohn Company, Kalamazoo, Michigan. _ 

i Three parts prothrombin-free plasma (barium sulfate adsorption) and one part of M/40 calcium chloride. 
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TABLE IV 

The relationship of prothrombin consumption in the clotting 
of native plasma in glass tubes to the number of platelets 
present, as measured by the determination of pro- 
thrombin times on serum expressed from the 
clots four hours after clotting 


Platelets (per cmm.) 

6 

175,000 

i 262,500 

350,000 

Clotting times in glass tubes 
at 37° C. (min.) 

14 

10 

7 

10 

Prothrombin time of ex- 
pressed serum 4 hours 
after clotting (sec.) \ 

20 

63 

80 ■ 

141 


The plasmas with various platelet concentrations were 
prepared by mixing platelet-free and platelet-rich plasmas 
from the same source. 

The prothrombin times were determined by adding 0.1 
cc. of the expressed serum to a mixture of O.lcc. thrombo- 
plastin and 0.1 cc. prothrombin-free plasma at 37° C. and 
measuring the time required for clotting. 

mas coagulation often occurred in the lipoid layer 
at the top of the tube after centrifugation. 

Hemophilia 

Seven patients with hemophilia were studied. 
Results are shown in Table V. In every instance 
the “platelet-free” plasma was spontaneously in- 
coagulable in glass and silicone-treated tubes at 
37° C regardless of the length of the whole blood 


clotting time. No trace of fibrin was noted in any 
of the tubes even after a period of days or weeks. 
Yet the addition of rabbit brain thromboplastin 
produced prompt clotting, with prothrombin times 
comparable to those of oxalated plasmas. When 
hemophilic blood was centrifuged in lusteroid tubes 
untreated with silicone, the resultant platelet-free 
plasma clotted. The silicone surface therefore ap- 
peared to be necessary for the preparation of 
spontaneously incoagulable hemophilic platelet-free 
plasma. When whole blood clotting times on 
hemophilic blood were performed in silicone- 
treated tubes, the clotting times were tremendously 
prolonged and in some instances no clotting oc- 
curred regardless of the clotting time in glass 
tubes. 

One untreated hemophilic patient (Case No. 42) 
had a normal whole blood clotting time ranging 
from 12 to 25 minutes during an. active bleeding 
episode. A platelet-rich plasma obtained by low- 
speed centrifugation had approximately the same 
clotting time. However, the “platelet-free” plasma 
was spontaneously incoagulable in glass and sili- 
cone tubes. Thus it appears that platelets are nec- 
essary for the clotting of hemophilic plasma, al- 
though our present results are compatible with the 


TABLE V 


The clotting behavior of hemophilic “platelet-free" plasma 


Patient 

Whole blood 
clotting limes in 
glass tubes 

Prothrombin 
times of 

oxalated plasma 

j 

i Native "platelet-free'' plasma 

Platelets 

Glass tube 
clotting times 

Silicone tube 
clotting times 

Prothrombin 

times 


min. 

5€C. 

PtT cmm. 

min. 

min. 

SfC. 

42 

25 

— 

None 

No clots 

— 

14 


16 


>1000 

No clots 

— 

— 

43» 

225 

15 

60 

No clots 






390 

21 

20 

No clots 

— 

— 


300 

21 

20 

No clots 

— 

15 

44 

325 

i 

60 

No clots 

— ■ 

19 

45 

600 

i 21 

1700 

I No clots 


20 




None 

No clots 

— 

20 

46 

33 ■ 

19 

290 

i No dots 

— — 

17 


46 

22 

30 

No dots 






74 

— 

18 

— 

No dots 

— 

47 

240 

— 

None 

1 No dots 

No dots 

— — 




None 

1 No clots 

t 

No clots 

18 

4S 

212 

21 

None 

No dots 

No clots 1 

22 


180 

23 

70 

No dots 

No clots ! 

1 

24 


* This patient had a positive test for the presence of circulating anticoagulant. 
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view that they are not necessary for the initiation 
of coagulation of normal plasma. 

The hemophilic “platelet-free” plasmas were 
tested for antithromboplastic properties by deter- 
mining prothrombin times with progressively di- 
luted thromboplastin solutions. For this we used 
silicone-treated tubes and native "platelet-free” 
plasma. The results shown in Table VI reveal no 
definite evidence for the presence of antithrombo- 
plastic activity in hemophilic plasma. In one ex- 
periment the native plasmas were first oxalated, 
then incubated several minutes with thrombo- 
plastin solutions and finally recalcified. Results 
were the same in this experiment. Variations in 
the clotting times obtained with highly diluted 
thromboplastin solutions must be interpreted with 
great caution since under such circumstances it is 
technically difficult to reduplicate results. 

Heparinised blood 

"Platelet-free” plasmas were obtained from 
normal individuals after the intravenous injection 
of small quantities of heparin. In other experi- 
ments heparin in small amounts was added in 
vitro to normal “platelet-free” plasma. Results 
shown in Table VII demonstrate that even after 
minute doses of heparin, so small that the whole 
blood clotting times were not affected, the "plate- 
let-free” plasmas would not clot in glass or silicone- 


-treated tubes at 37° C. The in vitro addition of 
minute amounts of heparin likewise resulted in 
the production of incoagulable plasma. The au- 
thors (24) have previously shown that there is an 
inverse relationship between the action of heparin 
and platelet concentration. With low concentra- 
tions of heparin, prothrombin determinations on 
the “platelet-free” plasmas gave normal results. 

Dicumarolizcd patients 

Five patients with hypoprothrombinemia due to 
dicumarol were studied. Results are shown in 
Table VIII. While the findings are somewhat 
variable, the "platelet-free” plasmas of these pa- 
tients were often spontaneously incoagulable in 
glass or silicone-treated tubes at 37° C. On two 
occasions these plasmas gave suggestively pos- 
itive tests for the presence of circulating anticoagu- 
lant. The addition of solutions of thrombin to 
oxalated plasmas of dicumarolized patients re- 
sulted in longer clotting times than the addition of 
the same thrombin solution to normal plasmas. 
Further studies are in progress regarding this 
finding. 

Thrombocytopenia 

Studies were performed on 12 patients with 
hemorrhagic diathesis associated with thrombo- 


TABLE VI 

Tests for the presence of antithromboplastic activity in native "platelet-free” hemophilic plasma 
Prothrombin times were determined using serial dilutions of thromboplastin. 


Protliromb'm times {in seconds) using serial dilutions of thromboplastin 



1 Undi- 
1 luted 

1:10 

1:50 

1 100 

1:200 

i 

1:400 

1:600 

1:800 

1:1600 

1:3200 

Saline 

Patient No. 43* 
Control 

D 

19 : 

65 

56 

170 

108 

307 ' 
240 

416 

320 

1 

■ 

H 

— 

— 

— 

Patient No. 48 
Control 

16 

16 

24 

21 

— 

49 

40 

65 

57 

109 

135 


H 

345 

205 

— 

>24 hrs. 
660 

Patient No. 46 
Control 

19 

17 

22 

21 

35 

32 

50 

44 

62 

59 

83 

77 

93 

91 

133 

112 

— 

— 

— 

Patient No. 46 ! 

Control 

17 

15 

20 

19 

29 

30 

36 

37 

51 

SO 

75 

~ 

— 

— 

— 

— 

Patient No. 46t 
Control 

22 I 
20 

22 

22 

32 

33 

42 

44 

64 

60 

73 

64 

96 

78 

1 116 

94 

165 

161 

290 

325 

— 


* Thiq natient had a positive test for circulaUng anticoagulant. 

+ In th.q exoeriment the native “platelet-free" plasma was first oxalated by the addition of 10% by volume of M/10 
^ n 1 ml of this plasma was added to 0.1 ml. of thromboplastin. After several minutes of incubation at 
I?" c“twl mfxture\tS‘recalcifiW by the addition of 0.1 ml. of M/40 calcium chloride solution. 

Note: All tests performed at 37° C. 
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TABLE VII 


The cloning behavior of “platelet-free" plasmas obtained frotn normal subjects after the 
intravenous injection of varying amounts of heparin as indicated 


Subject 


Whole blood 
clotting times 
in glass tubes 

Prothrombia 
time of 
oxalated 
plasma 

Native “platelet-free” plasma 

Platelets 

Glass tube 
clotting times 

Silicone tube 
clotting times 

Prothrombin 

times 

49 

41 minutes after intra- 
venous injection of 50 
mgms, of heparin 

jnin. 

102 

sec. 

cmm. 

230 

min. 

No clots 

min. 

sec. 

19 

50 

40 minutes after intra- 
venous injection of IS 
mgms. of heparin 

105 

16 

j None 

No clots 

* 

15 

■ 

30 minutes after intra- 
venous injection of 10 
mgms. of heparin 

27 

21 

36 

No clots 

No clots 

18 

52 

16 minutes after intra- 
venous injection of 10 
mgms. of heparin 

31 

18 

3 

No clots 

No clots j 

19 

53 

12 minutes after intra- 
j venous injection of 7.5 
j mgms. of heparin 

19 

17 

3 

No clots 

No clots 

24 

54 

18 minutes after intra- 
venous injection of 5 
mgms. of heparin 

30 

19 

7 

No clots 

No clots 

18 

55 

12 minutes after intra- 
venous injection of 5 
mgms, of heparin 

17 

21 

2 

No clots 

No clots 

19 

1 

1 

56 

16 minutes after intra- 
venous injection of 3 
mgms. of heparin 

20 

18 

1 

24 

No clots 

! No clots 

1 

16 

57 

16 minutes after intra- 
venous injection of 3 
mgms. of heparin 

17 

22 

16 

No clots 

No clots 

1 

19 

i 

58 

In vitro dilutions of 
"platelet-free” plasma to: 
0.01 mgms. heparin/cc. 
0.001 mgm. heparin/cc. 
0.0005 mgm. heparin/cc. 

— 

— 

5 

5 

5 

No clots 
No clots 
No clots 

1 

No clots 
j No clots 
No clots 

1 

18 


case of Subject No. 58 the “platelet-free” plasma was obtained first, and then varying amounts of 
neparm added in vitro to the final concentrations indicated. 


cytopenia (Table IX). Three of these patients 
had marked prolongation of their whole blood 
clotting times and in each of these instances the 
platelet-free” plasmas were spontaneously in- 
coagulable in glass and silicone-treated tubes. 
Eight patients with essentially normal whole blood 
clotting times had “platelet-free” plasmas which 
clotted in glass tubes in a perfectly normal fashion. 
In all of our cases of thrombocytopenia a sensitive 
test for circulating anticoagulant was negative. 
In order to eliminate the possibility that failure of 


the three "platelet-free” plasmas to clot in glass 
tubes could be attributed to the presence of anti- 
coagulant in quantities too small to be detected by 
our routine anticoagulant assay, a further study 
was carried out in one case. Spontaneously in- 
coagulable "platelet-free” plasma from patient No. 
73 was added to normal "platelet-free” plasma in 
glass tubes. Five tenths ml. of the patient’s plasma 
failed to prevent coagulation of 1.0 ml. of normal 
"platelet-free” plasma, conclusively demonstrating 
the absence of anticoagulant. 
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TABLE vni 

The clotting behavior of “platelet-free" plasma from patients ■ 
with hypoprothrombincmia due to dicnmarol 



Whole 

1 Pro- 


“Platelet-free plasma" 



blood 

throm- 





Patient 

clotting 
time in 

bin 

time of 


Glass 

Silicone 

Pro- 


glass 

oxalatcd 

Plate- 

tube 

tube 

throm- 


tubes 

plasma 

lets 

clotting 

clotting 

bin 





time 

time 

time 


(min.) 

(sec.) 

(per 

cmm.) 

(min.) 

(min.) 

(sec.) 

59 

32 

40 

5 

40 

45 

44 




1 

44 

No clots 

45 

60 

20 

107 

10 

<800 

<800 

128 

61 

41 

52 

2 

No clots 

No clots 

51 




1 

No clots 

No clots 

52 


26 

53 

11 

No clots 

No clots 

44 




2 

No clots 

No clots 

43 


18 

34 

60 

35 

No clots 

42 

62 

55 

27 

None 

No clots 

No clots 

24 


15 

23 

4 

No clots 

No clots 

23 

63 

55 

117 

8 

No clots 

No clots 

109 


All of the determinations were made at 37° C. 


Miscellaneous patients 

Table IX shows the results of studies on a group 
of patients with hemorrhagic diathesis associated 
with a variety of conditions. Detailed studies on 
the two patients with “undiagnosed disease due 
to circulating anticoagulant” have already been 
reported (25). 

The patients with liver disease were of great 
interest. The two (Cases Nos. 81, 82) whose 
“platelet-free” plasma did not clot had positive 
tests for circulating anticoagulant as well as a 
severe hypoprothrombincmia. Furthermore, the 
clotting times of their plasmas after the addition 
of a thrombin solution were tremendously pro- 
longed as compared to the clotting times of normal 
plasmas, although the fibrinogen concentrations 
were adequate. We therefore believe that these 
patients had circulating antithrombic anticoagu- 
lants. The rate of fibrinolysis of the sterile re- 
calcified plasma clot was determined in these two 
cases by Dr. Oscar Ratnoff. The clot lysis time 
of patient No. 81 was normal, but that of patient 
No. 82 was shortened. There was no evidence 
that the coagulation defect was caused by in- 
creased proteolytic activity of the serum. Many 
patients with more markedly increased proteolytic 
activity of the serum showed no abnormality of 
blood coagulation. 

In view of the reported occurrence of circulating 
heparin-like anticoagulant after treatment of Hodg- 


kin’s disease with nitrogen mustards ^ (26), three 
such patients were studied. None of these pa- 
tients developed hemorrhagic diathesis and tests 
for circulating anticoagulant were negative. Their 
“platelet-free” plasmas were similar to those of 
normal individuals (Table X). 

DISCUSSION 

The use of silicone-treated apparatus has made 
possible the satisfactory preparation of a “platelet- 
free” plasma without the use of anticoagulants. 
Employing this technique we have been able to 
study the clotting behavior of human plasma. The 
most significant finding has been that 7iomial 
‘^platelet-free’" plasma clots in a relatively short 
time in glass tubes at 37° C, hut its clotting time 
in silicone-treated tubes is markedly prolonged and 
sometvnes there is no clotting at all. This observa- 
tion suggests that contact with glass activates some 
plasma constituent which can initiate clotting. 
This factor is apparently activated slowly or not 
at all by contact with silicone-treated surfaces. 
We believe that with constantly perfect technique, 
platelet-free plasma would regularly be spontane- 
ously incoagulable in silicone-treated tubes. 

We have no information concerning the origin 
and nature of this plasma factor. It is quite pos- 
sible that during the manipulations involved in 
our experiments a few platelets may have been 
broken up. However, if active thromboplastic 
substance were liberated in this manner, it seems 
reasonable to assume that the clotting time of 
platelet-free plasma would be the same in silicone- 
treated tubes as in glass tubes. There is no evi- 
dence that a silicone surface itself interferes with 
the clotting process, for on addition of highly di- 
luted thromboplastin to platelet-free plasma, clot- 
ting occurs as promptly in silicone-treated tubes 
as in glass tubes. We are therefore unable to 
escape the conclusion that an inactive thrombo- 
plastin precursor in plasma is activated on con- 
tact with glass surfaces. 

The existence of a plasma thromboplastin inde- 
pendent of platelets has been postulated by some 
workers (2, 3). Howell (27) believed that a con- 
tinuous destruction of platelets in vivo led to the 


3 Methyl-bis-(^-chloroethyl) amine hydrochloride, 
Merck & Co., Inc. 
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TABLE IX 


The clotting behavior of "platelet-free" plasma from patients suffering from 
hemorrhagic diathesis due to a variety of conditions 




Whole 
blood 
platelets 
{per cmm.) 1 

i 

! 

1 Whole blood 
dotting 
times in 
glass tubes 
(min.) 

i 


Native “platelet-free” plasma 


Sub- 

ject 

time of 
oxalated 
plasma 
(sec.) 

1 

Platelets 1 
{per cmm.) \ 

1 

Glass tube 
dotting 
times 
{milt.) 

1 

Silicone tube j 
dotting 
times 
{min.) 

Prothrombin 

times 

{sec.) 


I. Hemorrhagic diathesis with thrombocytopenia 


Acute leukemia 

64 


36 hrs. 

_ 

None 

No clots 

No clots 

20 


65 


19 

22 

9 

27 

32 

20 



22,000 

9 

25 

None 

11 

22 

23 


66 

12.000 

88 

22 

None 

No clots 

No clots 

21 


67 


7 

23 

3 

18 

160 

26 


68 


27 

23 

2 

180 

14 hrs. 

24 

Idiopathic thrombocytopenic 

69 

30,000 

15 

21 

1 

27 

63 

21 

purpura 

70 

Mumani 

8 

18 

6 

IS 

23 

17 


71 

20.000 

13 

21 

2 

24 

SO 

23 


72 


31 

20 

4 

24 

37 

21 

Refractory anemia with 

73 

36,000 

93 

24 

mm 

No clots 

No clots 

23 

thrombocytopenia 

74 

90,000 

25 

21 


90 

No clots 

18 





IHi 

90 

18 hrs. 

18 

Marchiafava-Micheli 

syndrome 

75 

68,000 

29 

— 

3 

No clots 

No clots 

18 


II. Hemorrhagic diathesis without thrombocytopenia 


Non-thrombocytopenic 

purpura 

76 

200,000 

14 

1 


5 

11 

11 

IS 

Atypical hemorrhagic diathesis 

77 

226,000 

21 

21 

13 

60 

No clots 

22 

Multiple myeloma 

78 

i — 

43 

26 

None 

26 

24 

~ 

Undiagnosed disease with cir- 

79t 



1 

120 

30 

None 



24 

cuiating anticoagulant 

80t 

i 

68 

20 




15 

III. Hypoprothrombinemia due to fatal liver disease 


811 


109 ! 

54(10%)* 

10 

No clots 

1 No clots 

54 


821 

— 

24 hrs. 1 

87(5%)* 1 

1000 

No clots 

; No clots 



83 

— 

22 

187 «5%)* 

45 

55 

' 78 

' 155 






7 

60 

! 130 

1 


. Estimated percentage of normal prothrombin. 

I Ihese patients had positive assays for circulating anticoagulant. 

Nn No. 83 was not suffering from hemorrhagic diathesis, but is included for comparison with patients 

AiOS. oi snci 82. 


formation of a plasma thromboplastin, as was pre- 
viously suggested by Morawitz (1). Lozner and 
Taylor (28) maintain that the effect of foreign 
surfaces such as glass is not due to lysis of platc- 
fets but rather to activation of a plasma thrombo- 
plastin. Owren (29) has presented data to refute 
Lenggenhager s (2, 3) conclusions concerning the 
existence of a plasma thromboplastic factor and 
considers tliat no substantial evidence has been 


presented. On the other hand, Chargaff and 
West (19) b)’ ultracentrifugation of platelet-free 
plasma have obtained a sediment with potent 
thromboplastic properties. Quick (6) and Brink- 
hous (10) using techniques similar to those which 
we have employed have concluded that nonnal 
plasma contains a soluble factor whose interaction 
with platelets is necessary for nonnal blood coagu- 
lation. However, lliese author.s do not believe 



































































that the plasma factor can initiate clotting in the 
absence of platelets. 

Recent discovery of several patients with a curi- 
ous type of circulating anticoagulant (25, 30) lends 
strong support to the theory of the existence of a 
plasma thromboplastin precursor. Although the 
plasmas of these patients contained a potent clot- 
ting inhibitor, they reacted in a perfectly normal 
way to highly diluted thromboplastin. It is ap- 
parent, therefore, that the action of the circulating 
anticoagulant in these cases preceded and in some 
way prevented the liberation of active thrombo- 
plastin. These observations can be explained only 
by assuming that the clotting inhibitor delays con- 
version of a thromboplastin precursor to an active 
thromboplastin. 

While our studies show that platelets do not ap- 
pear to be necessary for the initiation of clotting, 
it is clear that they increase the rate of clotting and 
the amount of prothrombin consumed in the proc- 
ess. There is a close correlation between the num- 
ber of platelets present and the amount of pro- 
thrombin converted during clotting in glass tubes. 
Other observers (5, 6) have previously noted that 
in thrombocytopenic blood little prothrombin is 
consumed during clotting. The prothrombin con- 
sumed in the coagulation of platelet-free plasma is 
minimal. 

Hemophilic platelet-free plasmas were invari- 


ably spontaneously incoagulable in glass tubes at 
37° C although they clotted promptly on the ad- 
dition of thromboplastin. This suggests that the 
defect in hemophilia is a deficiency of the plasma 
thromboplastic factor. It is apparent that hemo- 
philia is not caused by any defect in platelets, but 
rather that the presence of platelets is what makes 
hemophilic blood clot at all. Even when an un- 
treated hemophilic patient {e.g. Case No. 42) has 
a normal whole blood clotting time, the hemor- 
rhagic diathesis may persist. This indicates that 
the plasma thromboplastin is necessary for normal 
hemostasis regardless of the clotting time of the 
blood in vitro. Presumably the “antihemophilic 
globulin” (31) is identical with the plasma throm- 
boplastin precursor. 

Whether or not the plasma thromboplastic fac- 
tor is totally absent from hemophilic blood has 
not been established. Lenggenhager (32) be- 
lieved that it was present in hemophilia but ab- 
normally resistant to activation. Craddock and 
Lawrence (33) have presented data to indicate 
that "antihemophilic globulin” may be antigenic 
in hemophilic subjects. If their observations are 
correct, it must be presumed that hemophiliacs are 
entirely devoid of this plasma component. 

Quick (34) observed that high-speed centrifu- 
gation of oxalated hemophilic plasma caused marked 
prolongation of the recalcified clotting time. 
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Quick originally believed that platelets were ab- 
normally resistant in hemophilia, and that they 
could therefore be removed by centrifugation be- 
fore thromboplastin was liberated. Rather, it 
seems to us that the results of Quick’s experiment 
again demonstrate that platelets are critically nec- 
essary for the clotting of hemophilic plasma. 

Hemophilic blood, presumably lacking in 
plasma thromboplastic factor, will clot if platelets 
are present, although clotting is delayed and incom- 
plete. Likewise, normal plasma will clot in the 
absence of platelets, but in this instance also co- 
agulation is incomplete. It appears that both the 
platelet and plasma factors are necessary for nor- 
mal coagulation, although either one alone will 
suffice to initiate coagulation. The nature of the 
interaction between platelets and the plasma factor 
remains to be elucidated. 

No evidence was obtained to support the theory 
that the primary defect in hemophilia is an in- 
creased anti thromboplastic activity of the plasma. 
We were unable to demonstrate any antithrombo- 
plastic activity of the plasma of our hemophiliac 
patients even when a potent clotting inhibitor was 
present (Case No. 43). 

Normal platelet-free plasma containing an ex- 
ceedingly low concentration of heparin is spontane- 
ously incoagulable at 37° C even though the pro- 
thrombin time upon the addition of thromboplastin 
IS normal. The inverse relationship between 
heparin activity and platelet concentration has al- 
ready been reported (24). Studies on the pre- 
cise mode of action of heparin in platelet-free 
plasma will be published later. 

Experiments on the plasmas of patients with hy- 
poprothrombinemia due to dicumarol gave variable 
results. In most cases the “platelet-free” plasmas 
were spontaneously incoagulable in glass tubes. 
We are unable to account for this on the basis of 
hypoprothrombinemia alone. Two patients tem- 
poranly showed suggestive evidence of circulating 
anticoagulant. The oxalated plasmas of dicumar- 
olized patients clotted more slowly on the addition 
of thrombin solution than did normal plasmas. 
Further studies will be necessary to explain 
these results. 

The ‘platelet-free” plasmas of most of the pa- 
tients with thrombocytopenia behaved in a nonnal 
manner. However, in each of three cases with 
prolonged whole blood clotting times the “platelet- 


free” plasma was spontaneously incoagulable. We 
are unable to explain the prolonged whole blood 
clotting time and associated failure of platelet-free 
plasma to clot in three cases. It is apparent that 
these deviations from normal were caused by a 
deficiency of a thromboplastic factor rather than 
by the presence of a clotting inhibitor. The nu- 
merical reduction of platelets alone is not sufficient 
to account for the coagulation defect, and we can 
only surmise that there must have been a deficiency 
also of a plasma thromboplastin. These plasmas 
could not be distinguished from those of the hemo- 
philiacs. Other cases of thrombocytopenia with 
unaccountably prolonged whole blood clotting 
times have been reported (35). 

Two of the three patients with fatal liver dis- 
ease (Cases Nos. 81 and 82) had positive anti- 
coagulant assays and their “platelet-free” plasmas 
did not clot. We have presented evidence that 
these patients had plasma antithrombic anticoagu- 
lants in addition to severe hypoprothrombinemia. 
By contrast, the “platelet-free” plasma of the third 
patient (Case No. 83) clotted in glass tubes in 
spite of a severe hypoprothrombinemia, and this 
patient had no evidence of circulating anticoagu- 
lant. 

Three patients with Hodgkin’s disease treated 
with nitrogen mustard showed no evidence of a 
disturbance of blood coagulation, and their “plate- 
let-free” plasmas were similar to those of normal 
individuals. The heparin-like anticoagulant re- 
ported by Smith ef al. (26) to occur following ni- 
trogen mustard therapy was not demonstrable in 
our cases. 

SUMMARY 

1. By means of silicone-treated apparatus and 
high-speed centrifugation at low temperature it 
has been possible to prepare fluid platelet-free 
plasma without the use of anticoagulants. 

2. Studies on the “platelet-free” plasmas of 86 
human subjects with • and without hemorrhagic 
diathesis are presented. 

3. Evidence is submitted for the existence of a 
soluble plasma thromboplastin precursor which on 
contact with glass surfaces is converted to an active 
state. Both this plasma factor and platelets are 
necessar)- for normal coagulation, but clotting can 
be initiated by cither alone. 
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4. The coagulation defect in hemophilia appears 
to be a deficiency of this plasma thromboplastin 
precursor. 
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INTRODUCTION 

Renewed interest in veratrum viride began with 
the investigations of Craig and Jacobs (1) who 
isolated the veratrum alkaloids and found them to 
be sterol compounds related chemically to the digi- 
talis glycosides, the steroid hormones and vitamin 
D. Using the pure alkaloids, Krayer and his co- 
workers (2) demonstrated that sub-toxic doses in 
experimental animals produced a vasodepressor 
response of reflex nature. They found that the 
most important receptor area for the reflex was 
located in the left ventricle of the heart, and that 
the primary afferent pathway was the vagus nerve. 
They did not determine the efferent pathways of 
this vasodepressor response. 

Meanwhile, clinical interest in veratrum viride 
steadily increased because of its therapeutic use 
in the eclamptic toxemias of pregnancy (3, 4) and, 
more recently, in cases of severe essential hyper- 
tension (5). Nevertheless, very little was known 
of its hemodynamic or other pharmacologic effects 
in human beings. The present study was under- 
taken to elucidate the actions of the drug in both 
hypertensive and normotensive individuals. 

MATERIALS AND METHODS 

The subjects were patients, mostly hypertensive, ad- 
mitted to the Massachusetts Memorial Hospitals. Both 
oral (Vertavis^) and parenteral (Veratrone^) prepara- 
tions of veratrum viride were administered. Arterial 
pressure was measured either with a Hamilton manom- 
eter (6) (during the determinations of vasopressor re- 
sponses, cardiac output, and/or hepatic-portal blood 

' This investigation was supported in part bj’- the 
Squibb Institute for Medical Research, New Brunswick, 
Lew Jersey, and by the Justin Dart Foundation, Los 
Angeles, California. 

•Fellow, Life Insurance Medical Research Fund, New 
York City. 

Company, Decatur, Illinois. 

* Parke, Davis & Company, Detroit, Michigan. 


flow) ; or with an arm cuff and a mercury manometer. 
Cardiac output was determined directly by the Fick 
principle using the intravenous catheter method of Cour- 
nand (7) and determinations of blood oxygen by the 
method of Van Slyke and Neill (8). In order to insure 
complete mixing, the venous blood samples were with- 
drawn always from the pulmonary artery, while oxy- 
genated blood was taken either from the brachial or the 
femoral artery. Ballistocardiograms (9, 10) were re- 
corded simultaneously in these and other hypertensive 
subjects but due to the abnormal ballistocardiographic 
complexes occurring in patients with hypertension, ac- 
curate measurements of .cardiac output by this method 
were not possible. Blood flow in the forearm and calf 
was determined plethysmographically by the method of 
Wilkins and Eichna (11), modified by the use of a thin 
rubber sleeve instead of the rubber diaphragms cemented 
to the skin (12). Hepatic-portal (splanchnic exclusive 
of renal and adrenal) blood flow was estimated by the 
bromsulfalein method of Bradley et at. (13), with three 
modifications; first, peripheral blood samples consistently 
were arterial; second, determinations of BSP were made 
on oxalated plasma rather than serum; and third, esti- 
mations of blood flow rate were calculated for the times 
at which arterial blood samples were drawn. Renal 
plasma flow (PAH) and glomerular filtration rate 
(mannitol, inulin) were determined by the methods of 
Smith and his co-workers (14). 

Vasopressor overshoots after blood-pressure-lowering 
procedures were measured by the method of Wilkins 
and Culbertson (15), refle.x vasoconstrictions in the 
digits by the method of Bolton, Carmichael and Stump 
(16) and skin temperature responses according to the 
method of Uprus, Gaylor and Carmichael (17). Vascu- 
lar distensibility in the extremities was determined using 
the method of Litter and Wilkins (18). 

RESULTS 

I. Cardiac junction 

Cardiac output, mean arterial pressure and total 
peripheral resistance 

Control and experimental determinations were 
carried out during a single test on five patients 
given Veratrone Iiy intramuscular injection. In 
two other patients a control study was done, after 
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* Oral veratrum viride given twice per day for one week after control test in four equal hourly doses (time counted from beginning of last dose), 
t Parenteral — given intramuscularly immediately following control period, 
j Determined by planimetric measurement of the arterial pulse waves. 
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Fig. I. Optical Records of the Ballistocardiogram 
and the Brachial Arterial Pressure (Hamilton) 
Before and After the Oral Administration of 30 
Craw Units of Veratrum Viride in Patient M. A., 
Male, Aged 43 

Pulsus alternans was present in the control record. 
Following veratrum there was a marked reduction in 
arterial pressure, a disappearance of pulsus alternans, 
and a return of the ballistocardiogram to a more normal 
pattern. 
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which Vertavis was administered orally for one 
week before the determinations were repeated. 
The results in both types of experiments were es- 
sentially the same (Table I). In all but two of the 


RESPIBATIONS 


seven cases there was a fall in mean arterial pres- 
sure of from 8 to 28 per cent, and in three patients, 
of more than 20 per cent. However, during the 
period of reduced blood pressure depression of 
cardiac output was not observed. Rather, in three 
cases, there was a slight increase in cardiac output 
of 6 to 8 per cent, and in two patients, with conges- 
tive heart failure, an increase of 20 and 24 per cent. 
As a result of the significant fall in mean arterial 
pressure and slight rise in cardiac output there was 
a considerable decrease in the calculated total 
peripheral resistance (between 30 and 35 per cent 
in four of the cases and of 11 per cent in one case) , 
In two cases (M. H. and J. C., Table I) there were 
insignificant changes in cardiac output or periph- 
eral resistance during the time the cardiac output 
determinations were being carried out, the major 
portion of the test period in patient M. H. having 
been devoted to estimations of hepatic-portal blood 
flow (Table III, Figure 5), 

Other aspects of cardiac function 

It was not unusual to observe a decrease in car- 
diac enlargement as measured by roentgenography 
(5) in patients who exhibited a prolonged reduc- 
tion in blood pressure after months of continuous 
oral administration of veratrum viride. Less fre- 
quently, changes toward normal in the electro- 
cardiogram were observed. Pulsus alternans usu- 
ally decreased or disappeared during the reduc- 
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Fig. 2. Optical Records of Respiration and Brachial Arterial 
Pressure (Hamilton) in Patient C. B., Female, Aged 49 
Ninety minutes following the oral ingestion of 20 Craw units of- 
veratrum viride (second tracing) there was a fall in arterial pressure 
accompanied by bradycardia. Atropine (1 mgm. intravenously) was 
given immediately, and three minutes later (third tracing) there was a 
tachycardia and a rise in diastolic but not in systolic pressure. The 
diastolic rise was more apparent than real since it i\-as associated with 
shortening of the run-off period. 
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TABLE n 


Effect of veratrum viride ( Veralrone*) on blood flow in forearm and calf 


Case 

no. 

Patient and diagnosis 

Sex 

Age 

Dose 

Control 

After veratrone 

Arterial 

pressure 

Blood flow 
per too cc. 
limb volume 

Time 

after 

drug 

Arterial 

pressure 

Blood flow 
per 100 cc. 
limb volume 

Arm 

Leg 

Arm 

Leg 

1 

D. C. 

Essential hypertension 

F 

27 

0.6 cc. 

mm. He 

1 

180/112 

173/115 

170/116 

ec. 

2.83 

2.56 

3.41 

CC. 

3.01 

1 2.77 
! 2.78 

1 

j 

minutes 

11 

12 

34 

52 

77 

97 

107 

134 

mm. He 

158/100 

141/90 

111/73 

103/71 

115/81 

121/88 

132/93 ! 

137/95 

CC. 

2.85 
2.73 
2.25 
2.24 
2.95 
2.84 

2.86 
3.38 

cc. 

2.19 

2.02 

1.69 
1.77 
2.40 
2.37 

2.69 
3.01 

2 

L. B. 

Essential hypertension 

j 

F 

1 

49 

0.5 cc. 

160/100 

156/110 

3.29 

2.74 

2.54 

2.57 

13 

34 

46 1 
67 

134/106 

132/99 

129/95 

2.68 

2.39 

1.97 

2.46 

2.63 

1.91 

1.73 

2.21 

0.15 cc. 
at 70 minutes 

1 

' ■ 1 


i 

87 

99 

109 

114/93 

147/94 

149/100 

1.3,1 

2.98 

2.59 

2.47 

2.56 

2.27 

3 

M. St. J. 

Essential hypertension 

F 

51 

0.5 cc. 

196/120 

198/116 

3.92 

3.94 

4.04 

2.54 

2.42 

2.40 

20 

190/116 

3.40 

[ 

2.42 

0.2 cc. 

at 35 minutes 

1 

1 

1 



57 

74 

85 

•164/110 
160/104 
j 158/101 

2.22 

3.28 

3.11 

2.30 

2.43 

2.52 

4 

D. C. 

Essential hypertension 

M 

SO 

0.5 cc. 

201/121 

175/112 

1.49 

1.86 

— 

50 

181/113 

1 

2.18 

— 

0.2 cc. 

at 55 minutes 




72 

97 

179/110 

156/107 

2.76 

2.48 

— 

3 

F. V. 

Chronic 

glomerulonephritis 
advanced renal damage 

M 

22 

0.5 cc. 

175/114 

167/116 

2.23 

2.46 

2.66 

2.73 

23 

36 

166/106 

164/98 

2.88 

2.96 

2.89 

0.15 cc. 
at 50 minutes 




55 

68 

79 

91 

162/99 

152/92 

152/88 

154/85 

2.81 

2.54 

2.54 

2.72 

2.82 

2.98 

2.73 

3.04 

6 

R. F. 

Essential hypertension 
advanced renal damage 

M 

46 

0.75 cc. 

199/130 

186/122 

189/120 

1.70 

2.10 

2.16 

3.29 

2.86 

2.76 

13 

25 

39 

193/120 

170/109 

136/88 

2.49 

2.50 
2.16 

3.08 

2.82 

2.27 


* Parenteral— given intramuscularly immediately following control period. 


tion of blood pressure following veratrum viride, 
and the ballistocardiogram also occasionally re- 
verted toward a more normal form (Figure 1). 

Pulmonary congestion lessened and dyspnea 
improved during the hypotensive action of vera- 
trum. For example, patient J. Me. (Table I) at 
the time of the control cardiac output determina- 
tion exhibited clinical evidences of cardiac failure, 
including dyspnea and pulmonary congestion. 
After Veratrone, the systemic arterial pressure de- 


clined from 290/185 to 230/135 while the pul- 
monary arterial pressure fell from 90/60 to 58/28 
mm. Hg and the cardiac stroke volume increased 
from 32 to 48 ml. At this time the patient noted 
subjective relief of dyspnea. The injection of 
Veratrone was followed by a decrease in pulmonary 
arterial pressure in the three cases who exhibited 
abnormal elevations (Table I). 

Bradycardia was frequently observed after vera- 
trum viride and was shown to be vagal in origin 
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by the fact that it could be abolished by the intra- 
venous injection of 1 mgm. of atropine. Although 
atropine abolished the bradycardia it did not 
greatly affect the reduction in blood pressure 
(Figure 2), In occasional patients bradycardia 
was not manifested following Veratrum even 
though the arterial blood pressure was signifi- 
cantly reduced (case W. G., Table I). Thus, 
bradycardia appeared to be a common, perhaps an 
augmenting, but not a necessary accompaniment 
of the hypotensive response. 

II. Blood flow through various regions 
Blood flow through the forearm and calf 

All six hypertensive patients who were studied 
plethysmographically following the intramuscular 
injection of Veratrone (Table II), had a decrease 
in mean arterial pressure of from 8 to 38 per cent. 
The blood flow to the forearm in two of the six 
subjects decreased as the arterial pressure fell, 
but returned to control levels as the arterial pres- 
sure became stabilized at a lower level. In three 
subjects, as the pressure fell the blood flow in the 
forearm increased and remained elevated, while in 
one the flow was unchanged. The blood flow in 
the calf followed a similar pattern, falling in two of 
five cases but returning to control levels before the 
blood pressure, increasing in two, and remaining 
unchanged in one. Since in all of these patients 


blood flow remained at or returned to oi; above 
control values during the hypotensive response to 
Veratrone a decrease in peripheral resistance in 
the limbs was assumed to have occurred. 

Blood flow through the hepatic-portal circuit 

The blood flow through the liver (EHBF) was 
estimated in three hypertensive patients in the 
basal state and horizontal position both before and 
after administration of veratrum viride (Table III) . 
In the first patient, W. G., two separate studies 
were made, one for control measurements and the 
other after a week of treatment with Vertavis tab- 
lets by mouth. The latter study revealed an in- 
crease of 25 per cent in the average EHBF and a 
decrease of 27 per cent in the average “mean” 

(= ^ ■ ^- -) arterial pressure, indicating a signifi- 
cant reduction in hepatic-portal vascular resistance. 

In the two other cases acute experiments were 
performed. After a period of control observations, 
patient J. C. received 0.6 ml. of Veratrone solu- 
tion intramuscularly. Twenty minutes later, be- 
cause there had been no evidence of a hypotensive 
response, but on the contrary, a moderate pressor 
reaction, he received a dose of 0.2 ml. of Veratrone. 
Twelve minutes after the second injection, EHBF 
and arterial pressure had decreased from control 
values by 12 per cent and 32 per cent respectively, 
and at 22 minutes by 21 and 46 per cent respec- 


TABLE m 


Effects of veratrum viride on estimated hepatic blood flow 


Patient and diagnosis 

Sex 

Age 

Drug and dose 

Control 

After veratrum 

Arterial 

pressure 

EHBF 

Elapsed 

time 

Arterial 

pressure 

EHBF 






ml. per mtn. 



ml. per tntn. 




! 

mm, Hg 

per J.73 sq. in. 

minutes 

mm. IJg 

per 1.73 sg. m. 

W. G. 



Vertavis* 

235/142 

1106 1 

282 

183/95 

1590 

Essential 

M 

52 

40 Craw units 

230/140 

1307 ! 

293 

177/90 i 

1411 

hypertension 



1 


1 

306 

I4S/90t 

1521 




Veratronef 

219/121 

mam 

15 

230/130 

1126 

Essential 

M 

50 

0.8 cc. 

215/120 


24 

i 240/130 

1285 

hypertension 




213/120 


32 

i 150/80 

1040 

— 





mnn 

42 

120/60 

931 

M. H. 


j 

Veratrone ! 

220/133 

925 

15 

210/120 

1130 

Essential 

F 

49 

0.7 cc. 

224/141 

1154 

31 

i 183/105 

1 960 

hypertension 




220/135 

1243 

42 

177/106 

1129 







54 

184/110 

1050 





1 


60 


1260 


* 1 Noutions as in Table I. 

t Clot in needle prevented accurate recording of arterial pressure. 
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bromsulfalein 

DATA 

MG PER 40^ 
MINUTE 30 

2 . 0 - 

MG PER I 5. 
100 ML 

PLASMA 10- 


OECIMAL 
FRACTION o!3- 
OXYGEN DATA 

L/MIN..OR 60; a 

VOLS/ 4 5- ■ 

100 ML 3 5- :: 

BLOOD 2.5- 



INFUSION RATE •' 

REMOVAL RATE • 

ARTERIAL CONCENTRATION 
HEPATIC VENOUS CONCENTRATION 




■•■“0 EXTRACTION 


8 


8 


•70 HEPATIC (•splanchnic’) 
n -55 02 CONSUMPTION a. 

■ -40 ML/MIN.A73 SO M 

3 -30 (SCALE AT RIGHT) 


EHBF 1500- 
ML/MIN7I00O 
173 SQ.M 800 



250- 


ARTERIAL 
PRESSURE 
MM HG 


220 

190- 

)60- 


130 

PULSE RATE 

BEATS PER 70 
MINUTE 

40 



LEGEND FOR OTHER OXYGEN 
DATA (SCALE AT LEn) 

• •HEPATrC A.v 0, DIFF., 

VOLUMES /lOO ML BLOQO 
■ •PULMONARY A-V Oi DIFF.. 
VOLUMCS/lOO ML BLOOD 

O -CARDIAC OUTPUT. 

UTCBS/MIH./L7S SO W 
IJ. CARDIAC INDEX, 

LITCRS/MIK/ SO U 


6 18 30 42 54 66 78 90 102 120 138 156 

MINUTES OF CONSTANT BSP INFUSION 


Fig. 3. Chart of Estimated Hepatic-Portal Blood Flow (EHBF), 
Arterial Pressure (Hamilton), and Pulse Rate in Patient M. H., 
Female, Age 50 

Above are the infusion and removal rates, the arterial and hepatic 
venous concentrations and the extraction rate of bromsulfalein. In the 
middle are data on hepatic and pulmonary A-V oxygen differences, 
cardiac output (Fick), cardiac index and hepatic oxygen consumption. 
Observed data are represented by solid symbols and lines, calculated 
values by open symbols and lines. Following the injection of 0.7 ml. of 
Veratrone (vertical line) there was a significant fall in arterial pressure. 
The estimated hepatic blood flow fell off slightly during the first 30 
minutes after the drug and then increased above the highest level re- 
corded in the control period. 


lively. Thus, a reduction in hepatic-portal vascu- 
lar resistance became apparent, but the hypoten- 
sive reaction then became excessive, and proceeded 
to a state of collapse with arterial pressure of 90/48 
mm. Hg, pulse rate of 75 beats per minute, and 
development of nausea and vomiting. Therefore, 
experimental observations were discontinued and 
restorative therapy was instituted. While this 
case illustrates acute hemodynamic changes strik- 
ingly, it serves also as an example of the effects of 
overdosage. 

The third patient, M. H., was observed similarly 
before and after a single injection of 0.7 ml. of 
\'eratrone, which in this instance proved to be 
less than the optimal therapeutic dose and produced 
only a modest reduction in arterial pressure 
(Table III, Figure 3). Nevertheless, EHBF re- 


mained above the lowest control value and finally 
rose above the highest control value at a time when 
“mean” arterial pressure had become stabilized at 
a level definitely (17 per cent) below the average 
control. Hence, this case also is consistent with 
the others in indicating that a significant reduction 
occurs in hepatic-portal vascular resistance follow- 
ing treatment with veratrum viride. 

Blood flow through the kidneys 

Changes in renal blood flow were similar to those 
observed in hepatic blood flow after veratrum 
viride. In two (W. G. and A. D.) of three cases 
maintained for one week on continuous oral ad- 
ministration of the drug (Table IV), the effective 
renal plasma flow increased moderately despite 
significant reductions in arterial pressure. In the 



TABLE IV 

Effects of verairttm viride on renal clearances 
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* t Notations as in Table I. 
t Notation as in Table III. 
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third (B. H.) it remained unchanged. In all of 
seven cases who received veratrum viride acutely 
by intramuscular injection (Table IV) there was 
an initial decrease in renal plasma flow followed 
in the later period by a return to control values. 
In five of these cases renal blood flow after vera- 
trum rose to levels above those recorded in the 
control period (Figure 4, Table IV). 

Estimations of cardiac output, hepatic-portal 
and renal blood flows were carried out in a single 
subject (case W. G., Tables I, III and IV) both 
before and after one week of treatment with orally 
administered veratrum viride. Following the car- 
diac output determinations the intravenous catheter 
was moved from the right pulmonary artery to an 
hepatic vein, urine samples being obtained mean- 
while through a bladder catheter. These proce- 
dures permitted estimation of the percentage of 
the cardiac output circulating through the hepatic- 
portal and renal vascular beds before and after 
veratrum viride. In the control period the mean 
cardiac output was 6.55 L. per min., the average 
estimated hepatic-portal blood flow was 1.2, and 
the mean renal blood flow was 0.565 L. per min. 
After one week of continuous oral administration 


of veratrum viride the mean values were for car- 
diac output 7.0 L. per min., for estimated hepatic- 
portal blood flow 1.48 L. per min., and for renal 
blood flow 0.612 L. per min. Thus, estimated 
hepatic-portal blood flow utilized 18.3 per cent of 
the cardiac output before the drug and 21.7 per 
cent after the drug; renal blood flow utilized 8.6 
per cent of cardiac output prior to treatment and 
8.7 per cent after treatment. These results sug- 
gest that despite a reduction in arterial pressure 
from approximately 225/130 to 170/92 the per- 
centage of the cardiac output utilized by the 
hepatic-portal and renal vascular beds showed no 
significant change. 

III. Renal function 

In addition to the studies of renal plasma flow 
just described, measurements of glomerular filtra- 
tion, filtration fraction and urine volume were also 
made (Table IV). Four of the patients exhibited 
advanced renal disease characterized by abnor- 
mally low clearances of inulin and para-aminohip- 
purate. 

Mannitol clearance following veratrum ap- 
peared to fall and remain low. Inulin clearance 



Fig. 4. Chart or Renal Plasma Flow, Glomerular Filtration- 
Rate, Filtration ipRACTioN, Renal Extrachon or PAH, Brachial 
Arterial Pressure, Urine Volume and Heart Rate Betore and 
After Intramuscular Veratrum in Patient E. S., Female, Aged 44 
Oliguria appeared early, and remained marked even when the renal 
clearances had returned to control levels. Note relatively constant 
e-xtraction of PAH. 
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Fig. 5. Optical Records of the Response in Arterial Pressure 
(Hamilton) to the Valsalva Maneuver in Patient C. B., Female, 
Aged 49, Before and After Veratrum Viride 
Despite a marked reduction of the basal arterial pressure the over- 
shoot response after the Valsalva was not blocked by veratrum. 



first fell and then returned approximately to con- 
trol values in five patients (Table IV) while in one 
patient (B. H., Table IV), who had marked im- 
pairment of renal function and low clearances in 
the control period, the inulin clearance fell and re- 
mained below the control values. 

In contrast to the relatively moderate fluctua- 
tions in effective renal plasma flow, in glomerular 
filtration rate (inulin) and in filtration fraction, 
the urine volume was invariably and often strikingly 
reduced after the parenteral injection of veratrum 
viride (Table IV, Figure 4). The oliguria was 
associated with a marked increase in the U/P 
ratio of inulin or mannitol, clearly indicating that 
the diminished urine flow was due to increased tu- 
bular reabsorption of water. The marked rise in 
U/P ratio of para-aminohippurate was shown in 
one case (E. S., Table IV, Figure 4) to be due to 
increased water reabsorption exclusively since in 
this case the renal extraction of PAH as measured 
directly in the renal venous blood did not change 


despite marked oliguria and more than tenfold in- 
crease in urine concentration of PAH. 

Oliguria occurred after parenteral injections of 
Veratrone even when there was no perceptible 
reduction in blood pressure. This was demon- 


TABLE v 

Vasopressor responses to the valsalva maneuver before and 
after the administration of veratrum viride 


Patient 

Control 

After veratrum 

Arterial pressure 

Over- 

shoot* 

Arterial pressure 

Over- 

shoot 

Basal 

After 

valsalva 

Basal 

After 

valsalva 


mm. Hg 

mm, Hg 

per cent 

mm. Hg 

mm. Hg 

per cent 

I. B. 

282/182 

308/188 

7 

228/156 

256/180 

14 

M. S. 

240/130 

290/178 

26 

194/102 

263/132 

33 

M. A. 

222/123 

261/142 

17 

110/60 

124/62 

9 

J. Me. 

270/160 

290/180 

9 

170/105 

178/111 

6 

J. F. 

257/110 

290/110 

9 

180/88 

168/81 

0 

C. B. 

238/158 

inino 

11 

120/76 

160/108 

37 


* Calculated from the “mean" (one-half the sum of 
systolic and diastolic) pressure. 
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Table vi 


The vasopressor responses to the quick lilibackfrom the upright to the horizontal position 
before and after the administration of veratrum viride 


Patient 

Control 

After veratrum 

Arterial pressure | 

Overshoot* 

Arterial pressure 

Overshoot 

Basal 

After 

standing 

S min. 

Tiltback 

overshoot 

Basal 

Alter 

standing 

5 min. 

Tiltback 

overshoot 


mm. Hg 

mm. Hg 

mm. Hg j 

Per cent 

mm. Hg 

wm. Hg 

mm. Hg 

per cent 

C. B. 

273/170 

274/180 

295/182 

8 

118/80 

98/76 

130/85 

9 

M. A. 

221/132 

193/129 

260/148 

16 

112/69 

99/76 

155/80 


J.Mc. 

277/172 

277/187 

268/174 

0 

158/88 

120/94 



J. F. 

260/112 

2621117 

280/115 i 

1 

6 

194/89 

176/94 


! 3 


* Calculated from the "mean” (one-half the sum of systolic and diastolic) pressure. 


strated in two normotensive subjects in whom 5 
per cent glucose in water was administered intra- 
venously at a constant rate until a steady state of 
urine excretion was obtained as determined fay 
washing out the bladder at ten-minute intervals. 
A dose of 0.4 cc. of Veratrone caused no significant 
change in blood pressure, but did reduce the urine 
volume from 5.45 and 8.33 cc. per minute to 1.02 
and 4.53 cc, per minute, respectively, in the two 
patients. Oliguria was not observed when the re- 
duction in blood pressure was maintained by the 
continued oral administration of veratrum viride 
(patients W. G. and A. D., Table IV). 

IV. Other hemodynamic junctions 
Cardiovascular reflexes — Sympathetic responses 

Unlike sympatholytic agents, veratrum viride 
did not abolish reflex sympathetic vasoconstriction. 
In six hypertensive subjects the vasopressor over- 
shoot following the Valsalva maneuver was in- 
creased in three cases, slightly decreased in two, 
and abolished in one after as compared with before 
veratrum viride (Table V, Figure 5). Postural 
hypotension was not observed in four subjects who 
were tilted to an angle of 75° for five minutes 
(Table VI). The hypertensive overshoot on the 
tilt back from the erect to the supine position was 
increased in two of these cases, decreased in one 
and not present in one case (Table VI) . Postural 
hypotension occurred in only two of 54 patients 
treated clinically with veratrum viride by mouth 
(5). Postural hypotension with collapse never 
occurred with therapeutic doses of the drug. 

In contrast with the depression of the cold pres- 


sor response after certain sympatholytic agents 
(19-21) there was an augmentation after vera- 
trum viride in two of four subjects examined 
and no change in the other two (Table VII) . Sim- 
ilarly, the hypertensive response evoked in a sub- 
ject by the emotional stimulus of a problem in men- 
tal arithmetic was not significantly altered during 
veratrum hypotension. 

Reflex vasoconstriction in the digits was ex- 
amined in two patients before and after the injec- 
tion of veratrum viride. Finger plethysmographic 
recordings of the vasoconstrictor responses to a 
deep breath, the application of ice to the forehead 
and pin prick on the skin were if anything increased 
after veratrum viride. Further, in four patients 
examined in a room maintained at a constant tem- 
perature of 68° F there was no change in the skin 
temperature of the digits after the administration 
of Veratrone despite the development of marked 


TABLE VI 1 

Responses to the cold pressor lest before and after the 
administration of veratrum viride 



Control 

After veratrum 

Patient 

Arterial pressure 

In- 

crease* 

Arterial pressure 

In- 

crease 


Basal 

Peak 
response 
to ice 

Basal 

Re- 
sponse 
to ice 

J.F. 

J. Me. 
M. S. 

P. P. 

mm. Hg 

287/113 

282/168 

230/145 

238/145 

mm. Hg 

297/118 

325/194 

270/180 

300/200 

per cent 

4 

15 

20 

30 

mm. Hg 

191/88 

167/100 

145/95 

143/95 

mm. Hg 

238/108 

228/136 

180/110 

210/134 

percent 

24 

36 

21 

44 


* Calculated from the "mean” (one-half the sum of 
systolic and diastolic) pressure. 
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TABLE VIII 


Effect of veratratie on blood flow in sympathectamhed extremities 


Case 

no. 

Patient and diagnosis 

Se.’c 

Age 

Drug and 
dose 

Control 

After veratrone 

Arterial 

pressure 

Blood (low 
per 100 cc. 
limb volume 

Time 

after 

drug 

Arterial 

pressure 

Blood flow 
per 100 cc. 
limb volume 

Lt. 

arm 

Lt. 

leg* 

Lt. 

arm 

Lt. 

leg* 






m. Hg 

cc. 

CC. 

viiiiulcs 

mtn. Hg 

cc. 

CC. 









6 

205/149 

1.78 

— 


M. Q. 







18 

185/125 

1.96 

— 


Essential hypertension 



i 




22 

158/114 

2.31 

— 

1 

lumbodorsal splanchnicectomy 

F 

35 

Veratrone 

209/136 

1.45 

1.76 

31 

142/106 

2.10 

— 


through L2 



0.5 cc. 




43 

122192 

1.79 

1.11 


lower extremities 







67 

144/110 

1.63 

1.13 


sympathectomized 







89 

171/117 

1.96 

1.13 









101 

170/125 

1.90 

1.13 







Rt.* 

Lt. 



Rt.* 

Lt. 






! 

arm 

arm 



arm 

arm 


L. O’S. 




227/145 

1.70 

1.43 

3 

253/159 

2.03 

1.65 

2 

Essential hypertension 

F 

24 

Veratrone 

230/148 

1.68 

1.49 

24 

213/134 

1.50 

1.78 


right transthoracic 



0.5 cc. 

229/156 

1.64 

1.58 

41 

181/123 

1.37 

1.82 


sympathectomy i 







59 

175/123 

1.33 

1.78 







Rt.* 

Lt. 



Rt.* 

Lt. 







leg 

leg 



leg 

leg 


E.R. 







8 

179/105 

1.77 

1.42 


Essential hypertension 


i 





23 

146/93 

1.80 

1.42 

3 

right lumbar sympathectomy 

F 

40 

Veratrone 

175/100 

1.68 

1.16 

38 

129/81 

1.90 

1.50 


right lower extremity 



0.7 cc. 

177/103 

1.78 

1.07 

43 

129/83 

1.71 

1.35 


sympathectomized 







65 

134/84 

1.69 

1.32 









86 

146/89 

1.88 

1.20 


* Sympathectomized. 

reductions in blood pressure. These various ob- 
servations show that the drug did not block sympa- 
thetic reflexes. 

However, evidence that the sympathetic nervous 
system may be involved in some way in the de- 
pressor response was suggested by the data regard- 
ing blood flow through sympathectomized ex- 
tremities. The effect of Veratrone on the blood 
flow in sympathectomized as contrasted with nor- 
mally innervated extremities was studied in five 
patients. Three, who were hypertensives, mani- 
fested a significant hypotensive response to the 
drug (Table VIII). Two of them showed a per- 
sistent decrease in blood flow in the sympathec- 
tomized extremity, whereas the flow in the nor- 
mally innervated control limb was increased. In 
the third patient there was a slight increase in 
blood flow in both extremities, greater in the nor- 
mally innervated limb, but the results may have 
been affected by the presence of considerable pain. 
In the two normotensive subjects similarly studied 


after veratrum viride there were insignificant 
changes in both blood flow and arterial pressure. 

Reaction to ephedrine and epinephrine 

Veratrum did not abolish the pressor response 
and rise in heart rate following the injection of 
either epinephrine or ephedrine. The intramuscu- 
lar injection of 0.05 gm. ephedrine promptly abol- 
ished the collapse reaction observed in three pa- 
tients who were given an overdose of veratrum 
viride. 

Vascular distensibility in the extremities 

The vascular distension that occurs during 
venous congestion of the extremities (18) was 
measured in the forearm and calf in eight hyper- 
tensive and three normotensive patients before and 
after the intramuscular injection of Veratrone. 
The distension of the forearm segment in the 
pleth)'smograph during inflation of a congesting 
cuff to 30 mm. Hg was definitely greater after 
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Veratrone than before in five of 11 patients. In 
four the vascular distensibility was only slightly 
greater and in two there was no change. In the 
calf of one of six subjects studied there was a 
marked increase in vascular distensibility, in three 
a slight increase, and in two no change. No qual- 
itative differences were observed between the nor- 
motensive and hypertensive cases. 

Vascular distensibility measured in the sym- 
pathectomized lower extremities of two patients 
did not increase after Veratrone whereas in the 
normally innervated upper extremities it showed 
a marked increase. In the sympathectomized 
forearm of one patient there was a minimal in- 
crease in vascular distensibility after Veratrone 
while in the contralateral normally innervated 
forearm there was a marked increase. 

These changes in the vascular distensibility af- 
ter Veratrone occurred early and persisted for the 
duration of the experiments. They were usually 
greater and occurred earlier in the forearm than 
in the calf. There was little correlation between 
these changes and the alterations in blood pres- 
sure, blood flow, or calculated peripheral resist- 
ance. 

Systemic response to venous congestion of the 
extremities 

Previous observations in this laboratory have 
demonstrated that sodium nitrite and various sym- 
patholytic agents alter markedly the systemic re- 
sponse of normal and hypertensive subjects to 
venous congestion of the extremities (22). In 
this test, the legs and one arm of the supine sub- 
jects were congested by cuffs placed proximally 
and inflated to pressures of 100 mm. Hg. After 
a hypotensive dose of sodium nitrite or of various 
sympatholytic drugs, patients frequently developed 
marked hypotension and collapse within two to 
five minutes following the application of the con- 
gesting pressure. By contrast, despite marked re- 
ductions in the resting blood pressure after vera- 
trum, the application of such congesting pressures 
to the extremities for a period of five minutes was 
well tolerated in five subjects. 

DISCUSSION 

The hj'potensive response to veratrum viride oc- 
curred in two phases: (I) an initial adjustment 
phase followed by (2) a more stable hj'potensive 


phase. The first phase was characterized by sharp, 
and often fluctuating, decreases in arterial pres- 
sure, pulse rate and peripheral blood flow. The 
second phase consisted of a steady state of reduced 
arterial pressure and pulse rate, with a return of 
hepatic, renal and muscle blood flows to control 
values. Cardiac output in the second phase was 
found to be essentially unchanged from the pre- 
treatment control values. These findings along 
with the decreased arterial pressure were accepted 
as indicating a decrease in peripheral resistance. 

The decrease in peripheral resistance after vera- 
trum viride appeared to occur in all the areas un- 
der study including the retinal arterioles (5, 23). 
Compensatory tachycardia and palpitation of the 
type produced by the peripherally-acting vaso- 
dilators such as sodium nitrite or tetraethylam- 
monium salts did not appear, nor did postural col- 
lapse occur with sub-toxic doses of the drug. 
Vasopressor responses to the Valsalva experiment, 
the erect posture, the cold pressor test and emo- 
tional stimuli remained intact. Thus, a state of 
circulatory equilibrium was achieved with normal 
cardiac output and blood flow to the vital organs 
in spite of the lower arterial pressure. This in- 
tegrated type of hypotensive response after the 
crude drug was similar to that observed in ex- 
perimental animals after the administration of the' 
pure alkaloids of veratrum (2), suggesting that 
it too was mediated through nervous reflexes in- 
volving the higher vasomotor centers. 

While the second, stable phase of the hypoten- 
sive reaction to veratrum viride was characterized 
by generalized vasodilatation and a return of blood 
flow to normal, the initial falling phase of the re- 
action appeared to involve different mechanisms 
since it not infrequently was associated with paral- 
lel decreases in peripheral blood flow. Therefore, 
the initial fall in arterial pressure could not always 
be due to a generalized decrease in peripheral re- 
sistance. A depression of cardiac output might 
W'ell account for the initial fall in arterial pressure. 
It need not be primary in the heart but could re- 
sult from a temporary failure of venous return due 
to dilatation of the post-arteriolar -vascular beds 
and a consequent relative shift of circulating blood 
volume from the arteries to the capillaries and 
veins. Neither need a depression in cardiac output 
be sizable to cause a marked fall in arterial pres- 
sure provided it continue for some minutes. It is 
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known that large decreases in cardiac output such 
as occur with the Valsalva experiment are capable 
of lowering the arterial pressure of h)^ertensive 
patients to normal within a few seconds (15). An 
immeasurable decrease in cardiac output therefore 
might cause a similar effect if continued over a 
longer period of time such as that required for the 
arterial pressure to stabilize at a lower level after 
veratrum. Studies now in progress (24) on the 
changes in cardiac output during the initial phase 
of the hypotensive action of veratrum may reveal 
decreases of cardiac output to occur, but in the light 
of the above argument, they may not. 

The oliguria which followed the parenteral in- 
jection of veratrum viride appeared to be inde- 
pendent of changes in either glomerular filtration 
rate or renal plasma flow, since suppression of 
urine volume continued to be most marked when 
these measurements had returned to or above con- 
trol values. The oliguria seemed to be independent 
also of the level of arterial pressure inasmuch as it 
was observed to occur following parenteral doses 
of veratrum insufficient to cause a significant re- 
duction of blood pressure, and to disappear when 
a continuous hypotension was maintained by pro- 
longed oral administration of the drug. The lack 
of direct mechanical dependence upon either ar- 
terial pressure, glomerular filtration rate or renal 
plasma flow indicated that the oliguria was due to a 
specific antidiuretic effect. This conclusion was 
further substantiated by the regular occurrence of 
a marked rise in the U/P ratio of inulin or man- 
nitol during the period of depressed urine volume 
indicating an increased tubular reabsorption of 
water. In addition, the extraction of PAH from 
the blood, as measured directly in the renal vein, 
did not change appreciably during the period of 
oliguria. These data were interpreted as indicat- 
ing that the kidneys usually cleared the blood as 
efficiently after veratrum as they had prior to the 
induced hypotension but did so at first Avith the 
production of a small volume of highly concen- 
trated urine. Therefore, the oliguria induced by 
the acute administration of veratrum viride did not 
indicate severe impairment of renal function as has 
been postulated previously (25), but rather a 
transient antidiuresis, Avhich disappeared with con- 
tinued oral treatment. 

Whereas mannitol clearances fell and remained 
low after veratrum viride, inulin clearances fell 


initially but usually returned to control values de- 
spite a continued reduction in arterial pressure. 
This discrepancy between the clearances of man- 
nitol and inulin was not surprising in view of the 
recent evidence that under certain circumstances 
mannitol may be partially reabsorbed in the tu- 
bules (26). The increased tubular reabsorption 
of water Avhich followed the parenteral injection of 
veratrum viride might well tend to accelerate the 
back-diffusion of mannitol, and thereby, to ag- 
gravate the discrepancy betAveen the clearances 
of mannitol and inulin. 

Since reflex vasopressor responses and also the 
vasoconstrictor reactions in the hands and feet 
all remained intact after veratrum viride, the drug 
did not appear to block sympathetic A'asoconstric- 
tion. However, it is interesting that Avith the fall 
in blood pressure there Avas a decrease in blood 
flow in the sympathectomized extremities of tAVO 
patients, as contrasted with the increase that oc- 
curred in the normally innervated control limbs. 
The decrease in the sympathectomized limbs may 
have been the passive result of the reduction in ar- 
terial pressure and the increase in the control 
limbs the result of active sympathetic A'asodilata- 
tion. In this connection it Avas of interest also that 
after veratrum there Avas an increase in Avascular 
distensibility in normally innervated limbs as con- 
trasted Avith little or no change in sympathec- 
tomized limbs. Thus, while there Avas no evidence 
that sympathetic vasoconstrictor reflexes Avere 
blocked there Avas indication that vasodilator re- 
sponses mediated over the sympathetic nerves 
might be stimulated. Finally, atropine abolished 
the bradycardia but did not reverse the hypotensive 
effect suggesting that the fall in arterial pressure 
Avas not dependent upon parasympathetic stimula- 
tion. 

As a result of these studies one might draAV the 
clinical implication that veratrum viride should be 
a suitable therapeutic agent in essential hyperten- 
sion since it can reduce the blood pressure Avithout 
harmful effects on the heart or kidneys (except 
Avhen the function of the latter is severely im- 
paired) and, since it leaA’^es intact the vasomotor 
reflexes, particularly those concerned Avith as- 
suming the erect posture. HoAvever, during actual 
clinical trial it has caused frequent toxic side re- 
actions, the most prominent of Avhich are nausea 
and A'omiting (5). Work so far indicates that 
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these reactions may be an integral part of tlie re- 
flex pattern activated by the drug (2) . Therefore, 
the possibility of isolating or developing a com- 
pound of veratrum that will retain the desirable 
cardiovascular effects of the crude drug and elimi- 
nate the toxic side effects does not at present ap- 
pear to be very promising. 

SUMMARY AND CONCLUSIONS 

Veratrum viride administered to hypertensive 
patients produces the following hemodynamic ef- 
fects : 

1. Blood flow through muscular, renal, and 
hepatic-portal areas usually falls initially and then 
returns to approximate control levels despite a 
continued hypotensive response. Full peripheral 
vasodilatation characteristically follows rather 
than accompanies the initial reduction in arterial 
pressure. 

2. The output of the compensated heart remains 
essentially unchanged after arterial pressure is re- 
duced. In congestive heart failure cardiac output 
may increase and the elevated pulmonary arterial 
pressure may fall. 

3. Atropine abolishes the bradycardia induced 
by veratrum viride but only partially reverses the 
hypotension. Since the hypotensive effects do 
not depend necessarily upon a reduction in either 
cardiac rate or output, there is little evidence to 
indicate that the drug is a “cardiac depressant.” 

4. Effective renal plasma flow decreases only 
transiently and returns to control values despite 
a continued reduction in arterial pressure after 
veratrum. Glomerular filtration rate (inulin) fol- 
lows a similar pattern in most cases, but occasion- 
ally remains below control values. 

5. Oliguria occurs after the initial injection of 
veratrum viride but disappears when the hypoten- 
sive effect is continued by repeated oral adminis- 
tration of the drug. The oliguria is not related 
directly to the arterial pressure, glomerular filtra- 
tion rate or renal plasma flow, but appears to be 
due to a specific antidiuretic effect. 

6. The discrepancy between inulin and mannitol 
clearances is confirmed, the mannitol clearances 
usually remaining lower than those obtained with 
inulin. This discrepanc}’’ seemed to be accentuated 
during marked antidiuresis suggesting increased 
tubular reabsorption of mannitol. 


7. Veratrum viride does not inhibit sympathetic 
vasoconstrictor responses as evidenced by the 
maintenance of vasopressor overshoots, skin tem- 
perature levels, vascular reflexes in the digits, the 
cold pressor response, and postural adaptation. 

8. Vascular distensibility in the extremities usu- 
ally increases, except in sympathectomized limbs, 
but not necessarily in association with alterations 
in arterial pressure, blood flow or peripheral re- 
sistance. 

9. During the period of reduced arterial pres- 
sure, blood flow and vascular distensibility in sym- 
pathectomized as compared with normally inner- 
vated extremities do not increase, indicating that 
part of the vascular response in the limbs may be 
mediated over sympathetic nervous pathways pos- 
sibly through sympathetic vasodilator fibers. 

10. Epinephrine and ephedrine reverse the hy- 
potensive effects of veratrum. 

11. The evidence cited indicates that veratrum 
can produce an integrated hypotensive response 
which is not associated with toxic effects on either 
the heart or the kidneys. 
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The origin of certain portions of the ballisto- 
cardiographic pattern has been discussed only 
briefly in the physiological literature. Starr and 
his associates (1) have given letter designations 
to the salient peaks and troughs and have discussed 
in some degree the origin of the I and J waves. 
Hamilton and his coworkers (2, 3) have suggested 
that the pattern may be due in part to the oscilla- 
tions of the blood mass within the larger portions 
of the arterial tree. It is the purpose of the work 
being presented here to consider the results of some 
simple experiments which help elucidate in broad 
outline the significance of several parts of the bal- 
listocardiograph pattern. 

Two sources of information have been tapped 
in this study, to wit, model experiments and clini- 
cal observations. The ballistocardiograph used in 
this investigation was not the instrument con- 
structed by the workers mentioned above but was 
the low frequency, critically damped instrument 
designed by Nickerson and Curtis (4). The heart 
model built for the study of the ventricular con- 
tribution to the ballistic pattern was a simple one- 
chamber device. This model ignores the asyn- 
chronism which sometimes appears between the 
ejection of the left and right ventricles (5, 6) and 
also ignores the auricular contribution to the im- 
pacts, a problem which will be dealt with in a 
different fashion. 

The construction of the model heart is demonstrated in 
Figure 1. It consists of a closed elastic system of bulbs 
and tubing filled with water. The dimensions of the 
tubing approximate those of the aortic tree of an adult 
human. One elastic bulb is contained in a glass pressure 
bottle so that the force on this bulb may be raised to any 
suitable level. The tubing used in this system is of 
rubber and the bulbs are rubber balloons of various 

^ This investigation was supported in part by a re- 
grant from the Division of Research Grants and 
fellowships of the National Institute of Health, U. S. 
Pubhc Health Service. 


thicknesses. This bottle has sufficient volume that the 
pressure changes in it during ejection are small. In 
operating this system, water to any desired amount (30- 
100 cc.) is squeezed back into the bulb in the pressure 
bottle at a time when the pressure bottle is open to the 
atmosphere. The exit tube from this bulb is then clamped 
shut and the pressure in the bottle raised to a measured 
level (40-120 mm. Hg). If now' the quick-acting clamp 
is suddenly released by burning through a restraining 
thread the water in the heart bulb will be forced into 
the outer portions of the circulatory system corresponding 
to the aortic tree. This movement of fluid produces a 
reaction equivalent to systolic ejection. By varying the 
filling of the heart bulb and also the pressure in the 
bottle it is possible to control both the stroke volume and 
the force of ejection. 

The normal human ballistocardiogram is illus- 
trated in Figure 2 in which the H, I, J, K and L 
waves of Starr’s notation are identified. It is 
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Fig. 2. Ballistocardiograms on Normal Subjects 


the general view that the I-wave is produced by 
the footward recoil of the body and ballistic bed 
as a result of the headward movement of the blood 
at the time of its ejection from the left and right 
ventricles during systole. After the commence- 
ment of this footward movement, the blood, which 
is travelling headward, begins to fill up the aortic 
tree, and so slows in its course. At the same 
time some portion of the blood actually reverses 
its direction by passage around the aortic arch. 
These occurrences result in a large headward re- 
coil which is sufficient to neutralize and reverse 
the footward movement, thus driving the ballistic 
system headward to produce the J-wave. Fol- 
lowing this impact the system reaches its maxi- 
mum headward deflection and since it is critically 
damped might be expected to return to the base- 
line position without overshooting. However, the 
blood rushing down the descending aorta does 


not continue with undiminished speed but in the 
lower abdominal region is slowed in its footward 
rush, thus producing a footward thrust. This 
thrust is on most occasions so timed that it drives 
the ballistic system footward across the baseline, 
thus generating the K-wave. Following the K- 
wave there is frequently a return to the baseline. 
However, in many cases a subsequent headward 
wave, the L-wave, appears which is likely due to 
a reflected wave of blood travelling first up and 
then down the long column of the descending 
aorta. 

That this normal pattern can be reproduced by 
the model heart’s ejection is shown by Figure 3. 
Records 1 and 2 were produced by essentially the 
same stroke volume and ejection pressure and 
differ only in the greater length of the descend- 
ing aorta in Record 1. The slope of the I— J line 
in both records is the same. Hence the stroke 
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> 2 

Fig. 3. Ballistocardiograms from the Model Heart 
Demonstrating Variation in the K-Wave 
In part 1 the descending aorta is long while in part 2 
it is short. 

volumes are equal. However, the relative depths 
of the K-waves are quite different. Further ob- 
servation has shown that variation in the length 

COARCTATION 


of the descending aorta is singularly effective in 
changing the K-wave and appears to be one of 
the chief factors determining the depth of this 
wave in the normal human ballistocardiogram. 

Further shortening of the descending aorta or 
constriction of this vessel so that the blood fol- 
lowing this course does not have a clear path 
below the aortic arch produces complete disap- 
pearance of the K-wave. This type of pattern is 
demonstrated in Figure 4A by an actual coarcta- 
tion of the aorta and in Figure 4B by a coarcta- 
tion at the arch of the aorta in the model experi- 
ment. Similarly in all cases of coarctation of the 
aorta in which it has been possible to obtain low 
frequency, critically damped ballistocardiograms, 
diminution or disappearance of the K-wave is 
found. It is to be noted that this absence of the 
K-wave is not observed when a conventional high 
frequency ballistocardiograph is used (see Figure 
5). It is proper to state at this point that al- 
though all patterns of coarctations observed with 




PRE OPERATIVE 


POST OPERATIVE 




Fig. -1 

A. Coarctation of the aorta in a patient. 

B. Coarctation of the aorta in the model at the beginning of the descending aorta. 

C and D. Pre- and post-operative records on a patient with coarctation of the aorta. The 
surgical procedure was the anastomosis of the subclavian arterj’ to the descending aorta. 
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Fig. S. Record on a Patient with Coarctation of the Aorta Taken with a Low 
Frequency, Critically Damped Ballistocardiograph and with a High Frequency, 
Undamped Ballistocardiograph 


the low frequency, critically damped ballistocar- 
diograph show this reduction of the K-wave, 
nevertheless a few records are seen where the 
K-wave is diminished without aortic coarctation 
being present. From analogy with the model 
experiments it is believed that this result appears 
when the effective free lengths of the major por- 
tions of the headward regions of the aortic tree 
and the descending aorta are essentially equal. 
To date only one patient with coarctation of the 
aorta on whom surgical treatment has been per- 
formed has had pre- and post-operative ballistic 
records taken. The results obtained are shown 
in Figures 4C and 4D. In this case the anasto- 
mosis accomplished was of the subclavian to the 
aorta', a procedure by which the circulation to the 
extremities was improved. As a result of this 
particular anastomosis the momentum of the blood 
in the descending aorta was still impeded in a 
region high in the thorax rather than low in the 
abdominal cavity as is normal. For this reason, 
although the movements producing the K-wave 
post-operatively are more accentuated than in the 
pre-operative pattern, the results, however, are 
not as completely normal as would be expected 
had the anastomosis been of the aorta on itself. 

Another point of evidence for the development 
of the K-waye arises in the change of pattern on 
the production of a reactive hyperemia of the 
lower extremities. This reaction appears if the 
circulation to the lower limbs is occluded by pres- 
sure cuffs applied to the thighs with pressures 
above the systolic level for a period of 15 minutes 
and then released. The resulting increased oxy- 
gen demands of the tissues result in an increased 
blood flow to the affected parts. The changes in 
the ballistocardiogram are shown in Figure 6. 
There are two chief changes, first, an increase in 


the slope of the I to J movement, thus indicating 
an increase in stroke volume (7, 8), and second, 
a decrease in the relative depth of the K-wave. 
This diminution of the K-wave occurs since the 
retardation of the blood velocity at the lower end 
of the descending aorta is not so great as normal, 
more of the blood flowing directly into the wider 
open vascular bed of the lower extremities. Thus 
the impulse producing the K-wave is less than 
before. 

The effect of reducing the stroke volume in 
the model heart produces some variations in the 
size of the pattern. These are shown in Figure 7 
where are illustrated the types of pattern found in 
a patient in shock. These general variations were 
found in all our shock cases. In this particular 
case the first record was made before treatment 
while the second and third records were made 
after treatment with albumin and with saline 
respectively. The values of the stroke volumes 
from the Fick data were successively 26, 37, and 




Fig. 6. Change in the Form of the Pattern on 
the Occurrence of a Reactive Hyperemia of the ' 
Lower Limbs 
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Fig. 7. Successive Ballistocardiograms on a Patient in Shock 
(Cardiac Index by the Pick = 2 . 1 ), after Treatment with Albumin 
(Index = 2.7) and after Further Treatment with Saline (Index 
= 4 . 0 ) 

The accompanying records are of the model Iieart with increasing 
stroke volume. 



AORTIC IMSurriCiCNCT 


Fig. 8. Ballistocardiograms on Three Patients 
with Aortic Insufficiency, on a Normal Subject 
and on the Model Heart in a Situation Where a 
Large Stroke Is Ejected into a Fuacod Aortic Tree 


55 ml. The most significant parallelism from the 
patient’s records and from the records of the 
model heart is the manner in which the J-wave 
increases more markedly than the I-wave as the 
stroke volume returns toward normal. The low 
J-wave may possibly be a distinguishing mark of 
a stroke volume below normal. 

The other extreme of an unusually large car- 
diac stroke volume produces also a characteristic 
pattern, Figure 8. The situation demonstrated 
is that of aortic insufficiency where the excessively 
large stroke volume is partly returned to the 
heart through the faulty aortic valve during dias- 
tole. The most striking features of these records 
are their unusual size {i.e., the I— J slope is ex- 
tremely steep) under basal conditions as com- 
pared with normal records, and the appearance 
in many records of a slurring in the rising limb 
of the J-wave. The latter feature was repro- 
ducible in the model heart as is also shown in 
Figure 8. This particular pattern occurs when 
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ILIAC FISTULA 


POST-OPERATIVE 



CONSTRICTIVE PERICARDITIS 


Fig. 9 


the stroke volume of the model is large and the 
bulb at the head end of the model is of unusually 
stretchable rubber. 

In Figure 9 are shown several patterns which 
are dramatically abnormal. The first is a pre- 
operative iliac arteriovenous fistula in which the 
fistula carried a large flow of blood. The pattern 
presents a sequence of footward and headward 
movements of almost equal size. A possible ex- 
planation of this pattern may be that it is the 
result of a series of impacts due successively to 
the footward thrust of the ventricular ejection, 
the headward thrust at the turn of the arch of 
the aorta, etc., the large footward impact caused 
by blood changing its direction in passing through 
the iliac fistula and finally the return to the base- 
line in time for the cycle to begin again. The 
post-operative pattern after removal of the fistula 
shows a slowing of the heart, a decrease in the 
stroke volume and a restoration of the pattern to 
a more normal form. In particular the influence 
of the fistula upon the K-wave should be noted. 
The second illustration in this figure is a case of 
constrictive pericarditis. The pre-operative pat- 
tern shows a small I-J slope which indicates a 
stroke volume well below the normal basal value. 
The post-operative pattern is remarkably im- 
proved toward normal and has a normal value 

of the basal cardiac index. 

Figure 10 illustrates changes in the pattern 
which appear as a result of irregular rhythms of 
the heart. Part 10 A presents the pattern ob- 
ser\'ed in sinus arrhythmia and shows that the 
variations are largely in the size of the pattern, 
the longer filling period being followed by a 


steeper I-J slope indicating a larger stroke vol- 
ume, and the shorter intervals between beats 
being followed by smaller patterns and therefore 





Fig. 10 





A. Irregular beats originating in the sinus node. 

B. Extrasystoles of ventricular origin. 

C. Same patient (B) when extrasystoles are not occur- 
ring. 

D. ECG on patient in B and C showing normal and 
abnormal ventricular patterns. 
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smaller stroke volumes. Part 10 B illustrates the 
result of a close succession of beats. The pattern 
of the premature beat begins before the termina- 
tion of the pattern of the preceding normal beat 
and permits only a short filling time. Since this 
premature beat is not observable in the radial 
pulse, it is quite possible that the ballistic move- 
ment accompanying this beat is not the result of 
the impact caused by an ejection of blood but is 
rather an indication of the contribution of the 
movement of the heart mass to the pattern. Part 
10 C shows the ballistic pattern on the same sub- 
ject at a time when these premature beats are 
not occurring. 

So far in this discussion the presence of the 
H-wave has been ignored and the movements of 
the ballistic system considered as beginning with 
a footward excursion starting at the peak of the 
H-wave. However, as pointed out by other 
workers (3), this is probably not correct. For 



Fig. 11. Ballistocardiogram of a Patient with 
Complete Heart Block 

llic auricular complex h, i, j, k is shown as well as 
1 1C purely ventricular complex I, J, K, . . . Where over- 
ipping of the two complexes occurs, the usual H-wave 
G 1 1C ballistocardiogram appears. 


TABLE I 


No . 

Ph 

Pi 

Pj 

Pk 

PR 

QH 

QI 

QJ 

1 

0.11 

0.15 

0.24 

0.31 





2 

0.11 

0.15 

0.24 

0.31 

0.20 

0.09 

0.13 

0.23 

3 

0.11 

0.15 

0.25 

0.33 





4 


0.13 

0.25 

0.29 

0.31 

0.07 

0.14 

0.24 

5 





0.35 

0.07 

0.13 

0.24 

6 

0.11 

0.15 

0.25 

0.31 

0.40 

0.07 

0.13 

0.24 

7 

' O.Il 

0.16 

0.23 

0.31 

0.54 1 

0.065 

0.14 1 

0.23 

8 

0.12 

0.17 

0.23 

0,35 

0.51 

0.065 

0.14 

0.25 

9 

0.15 

0.20 

0.27 

0,37 

0.40 

0.07 

0.15 

0.26 

10 

0.14 

0.19 

0.27 

0.37 

0.64 

0.07 

0.16 

0.25 

11 





0.20 

0.10 

0.19 

0.25 

12 

0.11 

0.17 

0.23 

0,31 

0.73 

0.08 



13 

0.09 

0.16 

0.25 

0.35 

0.27 

0.08 

0.13 

0.26 

14 





0.36 

0.07 

0.13 

0.25 

15 

0.09 

0.16 

0.24 

0,30 

0.49 

0.07 

0.13 

0.24 

16 


0.16 

0.24 

0.29 

0.60 

0.065 

0.14 

0.25 

17 





0.23 

0.085 

0.14 

0.25 

18 


0.13 

0.23 

0.30 

0.34 

0.08 

0.13 

0.24 

19 

1 

0.15 

0.24 

0.31 

0.51 

0.08 

0.13 

0.25 

20 


1 



0.67 

0.07 

0.12 

0.25 

21 

0.08 

0.13 

0.23 


0.21 

0.08 

0.13 

0.24 

22 





0.065 

0.07 

0.14 

0.25 

23 





0.19 

0.09 

0.14 

0.26 

24 


0.14 

0.23 

0.30 

0.32 

0.08 

0.13 

0.24 

25 


0.15 

0.24 

0.31 





26 





0.07 

0.07 

0.13 

0.25 

27 





0.13 

0.09 

0.14 

0.26 

28 

0.07 

0.16 

0.24 

0.29 

0.41 

0.07 

0.13 

0.24 

29 

0.08 

0.15 

0.24 

0.29 

0.70 

0.065 

0.13 

0.26 

30 

0.09 

0.15 

0.24 

0.31 

0.40 

0.075 

0.14 

0.23 

31 

0.09 

0.15 

0.24 

0.31 





mean 

0.104 

0.155 

0.242 

0.315 


i 

0.137 

1 

0.247 

1 


P = beginning of P wave of the electrocardiogram. 

Q = beginning of the QRS complex of the electrocardio- 
gram. 

h, i, j, Ic are successive peaks in the auricular complex of 
the ballistocardiogram. 

H, I, J are successive peaks in the normal ballistocardi- 
ogram. 

PR = the usual interval defined as the time from the 
beginning of the P wave to the beginning of the QRS com- 
plex of the electrocardiogram. 

The table above lists the time in seconds between the 
points so defined. 

example, the time interval from the beginning of 
the QRS complex of the electrocardiogram to 
the peak of the H-wave is about 0.100 second 
whereas the time from the QRS complex to the 
beginning of the ventricular ejection is about 
0.0700-0.0800 second (9). Because of this dis- 
crepancy, it has been suggested that the I-wave 
of the ballistocardiogram does not follow the ven- 
tricular ejection but rather is associated with 
some other circulatory event. Of course the pos- 
sibility exists that the ballistic movements of the 
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PR Inicrvol (seconds) 

Fig. 12 

QH, the time from the beginning of the QRS complex 
to the beginning of the footward movement producing 
the I-wave, is plotted against the PR interval, which is 
taken as an index of the amount of overlapping of the 
auricular and ventricular ballistic complexes, in a patient 
with complete heart block. 

auricular ejection may act in such a way as to 
obscure the beginning of the ventricular ejection 
phase. In order to check this explanation, simul- 
taneous recordings of the ballistocardiogram and 
the electrocardiogram have been made on several 
patients having heart block. Figure 11 shows 
some of the complexes recorded on a patient with 
complete heart block. The data on the auricular 
and ventricular complexes are given in Table I. 
The auricular complex is small and appears to 
consist successively of a headward (h), a foot- 
\Vard (i) and a headward (j) wave of which the 
average time intervals from the beginning of 
the P of the electrocardiogram to the peaks of 
these waves are, respectively, Ph = 0.10 second. 
Pi = 0.16 second, and Pj = 0.24 second. The 
purely ventricular complex appears to start di- 
rectly footward from the baseline with no H-wave 
in evidence. For this pure ventricular pattern 
the time from the beginning of the QRS complex 
to the beginning of the footward movement which 
produces the I-wave is about 0.070 second, a 
value which is close to the accepted value for the 
time from the QRS to the commencement of 
ventricular ejection. However, this pure ven- 
tricular complex is seen only when the PR in- 
terval is sufficiently long that the auricular and 
ventricular complexes do not overlap. This over- 
lap is a function of the PR interval and its effect 
is illustrated in Figure 12. In this figure the 


QH interval (H being the point where the bal- 
listic movement first turns footward) is plotted 
against the PR interval. When the PR interval 
is long, the QH interval is about 0.070 second. 
However, when the PR interval lies within nor- 
mal range, i.e., from 0.10 to 0.20 second, the 
QH interval is about 0.090 second. This obser- 
vation suggests that the auricular j-wave is an 
important factor in producing the H-wave and 
in delaying the footward movement of the I-wave. 
Similarly when the PR interval has a value less 
than normal the QH interval decreases again. 
In this case it may be that the footward move- 
ment is accentuated by the footward i-wave of 
the auricular complex. This view that the auric- 
ular stroke contributes markedly to the H-wave 
of the ballistocardiogram is supported by the type 
of ballistic pattern observed in auricular fibrilla- 
tion. In this case, see Figure 13, the QH inter- 
val is relatively short, 0.060-0.70 second. This 
value would be expected if the auricular beat was 
ineffective in moving fluid so that the ballistic 
movement is almost purely ventricular in origin. 
As a result of these studies it is concluded that 
in the ballistocardiograms of normal subjects the 
auricular impact may act to produce the H-wave 
and in this action mask the onset of the I-wave. 

SUMMARY 

In this paper have been presented ballisto- 
cardiograph records of clinical cases and of the 
ejection behavior of a simple model heart. Evi- 
dence to support the origin of the K-wave is 
found in records of coarctation of the aorta and 
of reactive hyperemia. Characteristic patterns of 
pre- and post-operative cases of coarctation of the 
aorta, of constrictive pericarditis and of an iliac 
arteriovenous fistula are also presented here. 
Further are shown the form of records with 
extremely large and small stroke volumes as 
found respectively in the special conditions of 
aortic insufficiency and of shock. 

Data have been presented from the observa- 




Fig. 13. Ballistocardiogram on a Patient with Auricular 

Fibrillation 
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tions made on cases in heart block. This material 
illustrates the contribution of the auricular ejec- 
tion to the ballistocardiogram and shows that in 
cases with normal PR intervals the auricular beat 
may produce an apparent delay in the develop- 
ment of the I-wave, a delay attributed by some 
workers to faulty behavior of the ballistocardio- 
graph. 
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Elevation in concentration of serum potassium 
in patients with renal insufficiency has been ob- 
served many times but has been considered to be 
a relatively rare occurrence (1-3). Reports of 
abnormally low levels of serum potassium in 
this disorder have been extremely infrequent (4— 
8). Nevertheless, the occasional finding in such 
patients of disturbances in the exchanges of 
potassium, has directed interest toward the clini- 
cal significance of these abnormalities. 

Winkler, Hoff and Smith were the first to 
recognize that the toxicity of a high concentra- 
tion of potassium in serum and extracellular fluid 
is due to its effect on the conduction system of 
the heart. In animals rendered anuric by nephrec- 
tomy or by ureteral ligation, death regularly re- 
sulted from extracellular accumulation, to cardio- 
toxic levels, of potassium released from tissue 
cells (9, 10). Such accumulation was speeded by 
the administration of potassium (10) and re- 
tarded by depletion of potassium prior to the 
establishment of the anuria (11). The potassium 
content of tissue cells in anuric animals has been 
shown to vary (12), but experiments in cats 
indicated that the lethal factor was the elevation 
of extracellular potassium concentration, not a 
change in the potassium of the cells (13). 

Intolerance of patients with severe renal disease 
to administered potassium has been recognized in 
the past (14) and was clearly demonstrated by 
Winkler, Hoff, and Smith (15). Slight eleva- 
tions of the serum concentration were found in 
five of 12 patients studied, but no cardiotoxicity 
was revealed in electrocardiographic tracings. 
Since then definite, and possibly fatal, changes in 
cardiac conduction have been reported in such 

1 Aided by a grant from tiie James Hudson Brown 
Memorial Fund of the Yale University School of 
Medicine. 

- Present address : Department of Medicine, Hospital 
of the University of PennsyK'ania, Philadelphia. 

- Life Insurance Medical Research Fellow. 


patients with high concentrations of serum potas- 
sium (16-18). 

It is evident, therefore, that in renal insuffi- 
ciency the concentration of potassium in extra- 
cellular fluid may rise, that a number of variables 
influence the occurrence and rate of such a rise, 
and that the rise may threaten the life of the 
patient. Death may also occur in the presence of 
a normal or low serum concentration and be due 
to causes quite unrelated to disturbances of potas- 
sium metabolism. 

The study reported here is an attempt to deter- 
mine more exactly the frequency of, and the 
physiological factors involved in, abnormal ex- 
changes of potassium in patients with severe renal 
insufficiency. The data are presented from the 
standpoint that abnormality of the concentration 
of serum potassium in cases of renal insufficiency 
with reduced glomerular filtration is a function 
of extracellular fluid volume, intake and output 
of potassium, and its distribution between the 
extra- and intracellular phases. 

EXPERIMENTAL MATERIAL AND PROCEDURE 

During a period of nine months 51 patients had con- 
centrations of blood non-protein nitrogen greater than 
100 mg. per cent; in 26 of these patients one or more 
measurements were made of the concentration of serum 
potassium. These 26 patients constitute the clinical ma- 

TABLE I 

DislribuHoti of abnormal concentrations of serum potassium 
in patients with renal insufficiency according to type 
of renal disease 


Diagnosis 

1 

Num- 
ber of 

Concentration of scrum 
potassium in m.eq. per liter 

cases 

<3.5 i 

3.S-S.S 

S.6-6.4 

>6.4 

Nephrosclerosis 

9 

2 

6 

2 

5 

Lower nephron 

5 

1 

2 

1 

1 

nephrosis 

Pyelonephritis 

3 

0 

2 

0 

1 

Glomerulonephritis 

2 

0 

1 

2 

1 

Other 

7 

1 

4 

3 

1 

3 

Total 

26 

4 

1 

15 

! 8 

11 


378 
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TABLE n 

Patients with renal insufficiency on whom balance studies were made: 
External transfers of water, electrolytes, and nitrogen 


Pt.tt 

Period 

Intake 

Urine 

Balance* * * § ** 

HsO 

Cl 

Na 

K 

N 

CHO 

Vol. 

Cl 

Na 

K 

N 

Cl 

Na 

B 



dales 

CC. 

m.eg. 

mj:g. 

vi.eg. 

grams 

grams 

CC. 




grams 

m.eq. 

m.eq. 

m.eq. 

grams 

P. McG. 

12/24-25 

1275t 

265 

263 

15 

1.8 

45 

110 

m 

m 


0.6 

+ 

255 

-P252 

+ 10 

+ 1.2 

A. M. 

1/20-21 

7000 

423 

485 

4 

12.4 

275 

±0 

M 




-f 420 

+ 481 

+ 4 

+ 12.4 


i/n-n 

3250 

102 

380 

1 

2.8 

225 

270 

By 

16 

9 

0.9 

+ 

86 

+ 

361 

- 8 

+ 1.9 


1/22-23 

4250 

541 

765 

1 

2.8 

50 

90 

Ih 

14 

4 

0.6 

4* 

528 

+ 

748 

- 3 

+ 2.2 


1/23-24 

4550 

387 

611 

1 

2.8 

ISO 

100 

B 

10 

2 

0.4 

+ 

377 

+ 

598 

- I 

+ 2.4 

C. K. 

1/20-21 

3190 

96 

378 

2 

5.6 

180 

740 

22 

26 

25 

3.6 

+ 

70 

+ 

346 

- 23 

+ 2.0 

W. M. 

12/13-16 

SOOOf 

77 

113 

■ 

nm 

500 

597 

28 

38 

11 

2.1 

+ 

44 

+ 

66 

- 11 

- 2.1 


12/16-19 

45001 



■ 

■ 

250 

2805 

180 

224 

43 

9.3 

— 

184 


231 

- 43 

- 9.3 

W. S. 

2/11-14 

jRR {1 

1474 

1605 

2 

5.6 

320 

2580 

26 

36 

102 

17.4 

-1-1442 

+ 1560 

-100 

-11.8 


2/14-16 

Kfr ill 

140 

185 

29 

4.5 

155 

885 

33 

32 

33 

5.9 

+ 

105 

+ 

161 

- 4 

- 1.4 


2/16-17 

Uni II 

36 

0 

0 

0 

200 

375 

6 

5 

17 

2.6 

4“ 

28 


8 

- 17 

- 2.6 


2/17-18 

■ini 11 

0 

0 

0 

0 

75 

200 

6 

5 

17 

2,6 

+ 

8 

— 

8 

- 17 

- 2.6 


2/18-19 

1500 

0 

0 

0 

0 

ISO 

986 

IS 

11 

47 

6.5 


17 

— 

14 

- 47 

- 6.5 

P. DeB. 

2/28-3/1 

HR H 

17 

48 

42 

21.1 

160 

350§ 

15 

14 

18 

5.9 



1 

+ 

30 

+ 24 

+ 15.2 


3/1-2 

HiiTI 41 

12 

221 

16 

24.2 

170 

20 

B 

B 

— 



7 

+ 

213 

+ 16 

+24.2 


3/1-3 

■ni 41 

274 

307 

17 

17,1 

70 

20 

B 

B 

— 

— 

+ 

266 

+ 

295 

+ 17 

+ 17.1 


3/3-4 

1900 

8 

40 

20 

14.1 

110 

0 

B 

B 



4” 

4 

+ 

34 

+ 20 

+ 14.1 


3/4-5 

2000 

12 

48 

43 

21.6 

200 

0 

B 

B 



4* 

8 

+ 

42 

+ 43 

+21.6 


3/5-6 


24 

58 

16 

8.2 

120 

25 

B 

B 

1 

— 

+ 

21 

+ 

53 

+ 15 

+ 8.2 

L. T. 

1/6-7 

2000 

25 

35 

2 

2.8 

75 

95 



3 


- 

QjS 

- 

18 

- 9 

+ 0.5 

R. S. 

11/4-8 

1000 

0 

0 

0 

0 

0 

0 

B 

B 


B 





J.P. 

4/14-15 

3000t 

55 


15 

2.9 


0 

B 

8 



+ 

53 

+ 

58 

+ 15 

+ 2.9 


4/15-16 

24401 

196 


53 

19.0 

211 

250 

9 


9 

2.3 

+ 

182 



+ 44 

+16.7 


4/16-16 

2000t 

6 

■ 

2 

0.1 


0 


1 



+ 

1 

— 

1 

+ 2 

+ 0.1 

F. S. 

3/20-21 

2000 

96 

127 

2 

6.2 

100 

2200 

87 

148 

18 

4.4 

+ 

7 

-- 

24 

- 16 

+ 1.8 


3/21-22 

2750 

212 

243 

2 

6.2 

75 

1400 

58 

89 

10 

3.1 

+ 

152 

+ 

151 

- 8 

+ 3.1 


3/22-23 

2400 

253 

204 

82 

6.2 

100 

1550 

84 

104 

25 

6.1 

4* 

162 

+ 

89 

+ 57 

+ 0.1 


* Balances of Cl and Na corrected for small quantities lost in serum drawn for analysis. 

I Includes small quantities taken orally, the contents of which were estimated from Sherman’s tables (43). 

I Includes oral liquids in small quantities, which probably contained only small amounts of electrolyte and nitrogen. 

§ Includes stool, ?S cc. urine, and 100 cc. vomitus. 

** B^alances include SSO cc. of vomitus, which contained 75 m.eq. Cl, 45 m.eq. of Na, 8 m.eq. of K, and 1.6 grams of N. 
TT Diagnoses are indicated in Table IV. 


tcrial for the survey. They are a selected group in that 
potassium determinations were more frequently done in 
patients who were oliguric and in patients who were on 
the medical service. The concentration of serum potas- 
sium was followed with varying frequency and in variable 
proximity to the time of death. There were many types 
of kidney disorders responsible for the renal insufficiency 
in these patients; the diagnoses were made from clinical 
data, and from necropsy findings when available. 

Ten of the 26 patients were studied more intensively. 
During periods which varied from 12 hours to eight days, 
exchanges of chloride, ' sodium, potassium, and nitrogen 
were measured and the transfers of potassium between 
the various phases of body fluid were calculated. In 
fomc. the volume of distribution and clearance of manni- 


tol were determined, to approximate the volume of extra- 
cellular fluid and the glomerular filtration rate (19). 
Electrocardiograms were taken simultaneously with many 
of the determinations of serum potassium. 

The chemical methods and mode of calculation have 
been detailed in previous communications (2(1-22), 

RESULTS 

The analytical and derived data are presented 
in Tables I-V and in Figures I and 2. 

The concentration of serum potassium was 
greater than 5,5 m.eq. per liter in more than 
one-half the cases; abnormal concentrations were 
not e.xclusively associated with any one kind of 
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renal lesion (Tables I, III). In 11 of the 26 
patients it was greater than 6.4 m.eq. per liter, 
the concentration just above which electrocardio- 
graphic changes attributable to the concentration 
of serum potassium sometimes appeared (23). 
Abnormally low concentrations were much less 
frequent, being found in only 4 of the 26 patients. 

In most of the patients the concentration of 
serum potassium rose as the renal insufficiency 
progressed (Table III). Distinct decline of 
serum potassium, as death approached, occurred 
in at least one patient. In 18 patients concentra- 
tions of serum potassium were measured less' than 
24 hours before death; of these 12 were elevated, 
four were normal, and two were low. In certain 
patients changes in the concentrations of blood 
non-protein nitrogen and of serum potassium 
varied in similar directions (Table III), but for 
the group as a whole there was a wide variation 

\ % 


between any given level of potassium and any 
given level of non-protein nitrogen. 

Oliguria or anuria appeared to be a prerequisite 
to elevation of the serum concentration. None of 
the patients with concentrations of serum potas- 
sium above 6.6 m.eq. per liter produced more 
than 250 cc. of urine during the preceding 24 
hours (Figure 1). On the other hand, periods 
of anuria or oliguria were not necessarily fol- 
lowed by elevation of serum potassium. 

The factors which determine a given concen- 
tration of potassium in serum are the volume of 
extracellular fluid and the amount of extracellular 
potassium which results from exchanges with the 
cells on the one hand and the external environ- 
ment on the other. These exchanges were calcu- 
lated in detail from the balance data obtained in 
10 patients (Tables II and HI), and are sum- 
marized for nine patients in terms of average 


Concentration 
of serum 
potassium 

meq. per I. 


8.0 H 


7.0 


6.0 


5.0 


4.01 


3.0 


O 

O 

O 

O 




o o 
o 

o 


• • 




9 


®->SB00 


— I — I — I 1 i ■ I — 

500 1000 1500 2000 

Preceding 24 hour urine volume 


2500 


Legend 


Death within 24 hrs. • , Deoih more than 24 hrs. later ® , 
Recovery * 


Fic. 1. The Relation of the Concentration of Serum Potassium to Urine 

Volume 
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daily values in Table IV. In most of the patients 
the volume of extracellular fluid expanded. Al- 
though the rate of expansion varied considerably, 
it may have ameliorated any rise in potassium 
concentration which would have resulted from 
accumulation of the ion in that fluid phase. In 
three of the five patients in whom the fipal con- 
centration of serum potassium was greater than 

7.4 m.eq. per liter, the small amount of potassium 
ingested in food exceeded the urinary output, and 
the difference, or positive balance, was equal to 
part or all of the increase in extracellular potas- 
sium. In all of the four patients whose final 
concentrations of serum potassium were less than 

6.5 m.eq. per liter, the intake of potassium was 
negligible and the patients were in negative bal- 
ance with respect to the ion. A net transfer of 
potassium from cellular to extracellular phase 
took place in most of the cases ; only in two pa- 
tients did the cells take up potassium. In four 
cases in which the ion accumulated in the extra- 
cellular phase, the cellular decrement was at least 
as great as the extracellular increment. If the 
transfers of intracellular potassium are arbitrarily 
subdivided into those which move with nitrogen 
according to cell anabolism or catabolism, and 
those which enter or leave intact cells, the data 
indicate that in only two cases did part or all of 
the potassium from catabolized cells enter intact 
cells. The storage of potassium by the cells did 
not appear to be directly correlated with the in- 


take of carbohydrate or insulin (Tables II, IV). 

Electrocardiograms were obtained from four 
patients when the serum potassium was greater 
than 7.4 m.eq. per liter (23). All showed toxic 
effects of potassium. These patients died sud- 
denly.. In one patient, P. DeB., an electrocardio- 
gram was obtained within a few seconds of death. 
This tracing showed widespread disorganization 
and prolongation of the QRS complex. Although 
the concentration of serum potassium was 8.1 
m.eq. per liter, it is impossible to assert that it 
was responsible for the cardiac arrest, as other 
factors probably play a role in the death of these 
patients. Other signs and symptoms that have 
been reported as evidence of potassium intoxica- 
tion were not observed. 

The primary disturbance in these patients was 
the inability of the kidney to excrete potassium. 
In comparison with previously reported subjects 
with normal kidneys, and whose intake of potas- 
sium was low (22), the rate of excretion of 
potassium was lower and the urine: plasma con- 
centration ratio (U/P) was about the same (Fig- 
ure 2). The rate of excretion and the concen- 
tration ratio of potassium were reduced in patients 
with renal insufficiency when contrasted to normal 
subjects on an intake high in potassium. Never- 
theless, even this limited excretory ability suf- 
ficed to prevent an accdmulation of potassium in 
the extracellular fluid when the intake of potas- 
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Fig. 2. The Excretion Rate and Concentration Ratio or Potassium in Subjects 
WITH Renal Insufficiency and in Those with Normal Kidneys with and without 
Potassium Depletion 

Each square indicates one subject period. 
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TABLE IV 


Transfers of potassium in patients with renal insufficiency 




Final serum K 




Average daily 




Patient 

Period 

Cone. 

Time 

before 

Carbo- 

hydrate 

K 

intake 

K 

output 

Urine 

vol. 

Change in 

1 extracellular 

Change in 
intracellular K 




death 

intake 

Vol. 

B 

Total 

With N 

Excess 


days 

m.eq. 
per liter 

hours 

grams 

m.eq. 

in.€q. 

cc. 

liters 

jn.eq. 

m.eq. 

77}. eq. 

7n,eq. 

P, McG. 


8.6 

6 

90 

30 

12 

330 

1.6* 

-f-64 

-46 i 

-28 

-18 

A. M. 

4 

5.7 

20 

175 

2 

4 

115 

3.3 

-1-14 

-16 

+ 8 

-24 

C. K. 

1 

5.8 

<24 

180 

2 : 

25 

no 

0.9 

- 4 

-19 

-12 

- 7 

W. M.t 

6 

6.4 

>24 

146 

0 , 

9 

561 

-0.2 

0 

- 9 j 

- 6 

- 3 

W. S. • 

8 

6.0 

<24 

119t 

4 i 

27 

629 

1.7* 

+ 13 

-36 

-20 

-16 

P. DeB. 

7 

8.1 

0 

119t 

22 i 

3 

13 

0.4* 

+ 14 

+ 5 

+25 

-20 

L. T. 

1 

8.7 

0 

75 

2 ; 

11 

95 

1.8 

+62 

-71 

-13 

-58 

R. S. 

6 

8.1 

3 

0 

0 

0 

0 

0.3 

+ 8 

- 8 

-14 

+ 6 

J.P. 

2.3 

7.5 

15 

236f 

30 

4 

109 

1.8 

+ 18 

+ 9 

- 9 

+ 18 


* Calculated by Cl balance from mannitol space. t Recovered. $ Insulin given. 


sium was restricted and the oliguria was not 
extreme. 

The rate of glomerular filtration of potassium 
was reduced far out of proportion to its rate of 
excretion in two of the three patients in whom 
the clearance of mannitol was measured. These 
data, which are presented in Table V with simi- 
lar data from the control subjects with normal 
kidneys, permit a distinction between disturbances 
of glomerular and of tubular function. In these 
two patients the rate of excretion approached, if 
it did not exceed, the rate of filtration. The 
error is so great that this cannot be interpreted 
as definite evidence of tubular secretion. Never- 
theless, the ratio of potassium excreted to that 
filtered certainly exceeded any such ratios in the 
control subjects. This was so to a lesser degree 
with respect to water. Defective glomerular fil- 
tration appeared to be the principal factor limit- 
ing the excretion of potassium. 

The exchanges of potassium were studied in 
one patient with renal insufficiency with a low 
concentration of serum potassium (F. S., Tables 
II and III). During the first day of study sodium 
was wasted in the urine; the rate of excretion of 
potassium was within the range found in the 
potassium-deficient patients with normal kidneys. 
Since the glomerular filtration rate was probably 
markedly reduced in this patient the normal ex- 
cretory rate may have been the result of propor- 
tionately decreased tubular reabsorption. Subse- 


quently, when potassium was administered it 
entered the cells and was retained. 

DISCUSSION 

• The results of this study indicate that eleva- 
tions in the concentration of serum potassium are 
not infrequent in patients with renal insufficiency. 
Given the primary difficulty of inadequate renal 
excretion of potassium, the presence and degree 
of a rise in the extracellular concentration of the 
ion depends upon the change in volume of the 
extracellular fluid, intake of potassium, extra- 
renal loss of potassium, and net transfer of potas- 
sium between the extracellular fluid and the cells. 
In patients who are anuric and who are receiving 
parenteral fluids, the extracellular volume may 
expand. Such a change does not necessarily 
lower the potassium concentration since it has 
been shown in experimental animals that expan- 
sion of the extracellular volume in itself may lead 
to transfer of some potassium from the cells (24) . 
Intake of potassium is an important factor in the 
accumulation of extracellular potassium as the in- 
take readily may exceed the output or rate of ex- 
cretion. To a certain extent patients are protected 
against the ingestion of potassium by anorexia, 
nausea, and pylorospasm (15). But the adminis- 
tration of potassium by any route may jeopardize 
life, and is clearly contraindicated in any patient 
with anuria or oliguria. 

Extra-renal losses of potassium in gastroin- 
testinal fluid may modify to a limited extent the 
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extracellular concentration of the ion. But this 
concentration is probably determined in the main 
by exchanges of potassium between the extra- 
cellular fluid and the cells. In agreement with 
other observers (25, 26) release of potassium from 
cells as an agonal or terminal phenomenon due 
to anoxia, could not be the explanation of the 
elevated concentration of serum potassium in most 
of our cases because the rate of rise was not ac- 
celerated. On the other hand, potassium was 
taken up and retained in the cellular phase in only 
a few of our cases with high extracellular concen- 
trations. This is surprising, since in normal dogs 
large amounts of potassium can enter cells before 
being excreted (27), and since others have ob- 
served anuric patients to maintain a concentra- 
tion of serum potassium within the normal range 
over many days (28). However, these transfers 
are closely related to the processes of cellular 
metabolism and in these patients not all of the 
metabolic variables were known. This fact makes 
it difficult to predict in a given case the net result 
of exchanges of potassium between the two fluid 
phases. The deficit of potassium present in the 
patients with low serum potassium and renal in- 
sufficiency probably resulted from losses of the 
ion in urine and in gastrointestinal fluid analogous 
to those observed in potassium depletion associ- 
ated with normal renal function (22). 


There was diminution in the concentration and 
excretion of potassium by the kidney in the present 
group of patients. This finding is in agreement 
with Winkler, Hoff, and Smith (15) and with 
Keith and Osterberg (29), who found that the 
clearance of potassium was low in such patients 
even when potassium was administered. 

The rate of glomerular filtration was greatly de- 
pressed. In the organism with normal kidneys 
tubular reabsorption of potassium appears to be, 
within limits, independent of that of water. Dur- 
ing water deprivation the concentration of potas- 
sium in urine of the dog may rise to 500 m.eq. per 
liter, representing a XJ/P ratio of 80 (30). In- 
creased concentration ratios of lesser magnitude 
may be inferred from similar experiments on man 
(31). During water diuresis the excretion rate 
of potassium may be unaltered and the U/P ratio 
falls to 1.0 (32) . To our knowledge, 'no U/P ratio 
of less than 1.0 has been reported (22), When the 
concentration ratio of potassium exceeds 1.0, it im- 
plies that the concentration of potassium in the re- 
absorbate is less than that of serum. If the con- 
centration ratio of potassium were less than 1.0, 
the concentration of potassium in the reabsorbate 
would be greater than that of serum. Tubular 
secretion of potassium appears to have been dem- 
onstrated by Berliner (33) and by Gilman and 
Mudge (34) under certain experimental circum- 


TABLE V 


Factors in (he renal excretion of potassium 


Clinical group 

Subject 

Urine 

volume 

Mannitol 

clearance 

-HK)/ 

Potassium 

A'. 

Kf 

H:0. 

H,0/ 

Intake 

1 

Aver, 
serum 
cone. P 

1 

u 

p 

i 

Excretion 

rate 

UV^K, 

Filtration 

rate 

Kf 1 



ml. per 

ml. Per 

tn.eq. per 


i 

m.eq. per 

m.eq. per 





1 

\ min. 

day 



day 

\ day 



Normal 

R. E. 

1 1710 

90* 

250 

4.3 

29.7 

218 

558 

0.39 

0.01 




90* 

2 

3.7 

4.9 

34 

480 

0.07 

0.01 

Potassium 

E. R. 

3420 

111* 

0 

2.5 

6.9 

59 

400 

O.IS 

1 0.02 

depleted, 

normal 


2030 

111 

88 

2.45 

3.0 

15 

392 

0.04 

' 0.01 

kidneys 

R. W. 

1385 


2 

3.85 

1.0 

55 

— 

■miHi' 

— 



830 

i|H| 

109 

4.0 

3.0 1 

10 

— 


— 

kena! insufS- 

W. S. 

986 

3.1 

0 

5.6 

8.5 i 

47 

25 

1.88 

0.22 

dency 

P. McG. 

not 

0.7 

Ot 

7.5 

6.8 

5.6t 

S.2t 

1.08 

0.16 


A. M. 

100 

2.8 

1 

5.5 

4.4 : 

iHji 

22 

0.11 

0.02 


‘ .Assumed to equal earlier or later determination, 
t Per 16.5 hours. 
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The serum potassium was depressed in four of 
the cases; in the one in which it was studied the 
rate of renal excretion was not abnormally in- 
creased. 

Potassium was taken up by the cells in only two 
of the nine cases with hyperkaliemia ; this process 
was not clearly accelerated by the administration 
of carbohydrate and insulin. 

Electrocardiographic evidence of intoxication 
occurred before death in the four patients with 
serum potassium greater than 7.4 m.eq. per liter. 
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COMPLEMENT AND ITS COMPONENT FRACTIONS IN CEREBROSPINAL 
FLUID IN INFLAMMATORY CEREBROSPINAL DISEASES 

By SOPHIE SPICER, EMANUEL APPELBAUM, and DAVID D. RUTSTEIN 
{Frotn the Bureau of Laboratories of the Department of Health of the City of New York) 

(Received for publication October 9, 1948) 


It is generally agreed that normal spinal fluid 
is entirely devoid of complement, but the reports 
of its presence in the spinal fluid in cerebrospinal 
diseases are contradictory. Complement was 
found in the spinal fluid of all cases of meningo- 
coccus meningitis by Ward and Fothergill (1), 
but was reported to be absent in the same dis- 
eases by others (2-4). Ward et al. (1, 5) found 
complement to be absent in the spinal fluid of 
cases of influenzal meningitis. Hauptmann (6) re- 
ported that complement may be found in the spinal 
fluid of tuberculous meningitis, but not in menin- 
gitis of other types. An early report (7) indi- 
cated that complement was absent from spinal 
fluids in various pathological conditions of the 
central nervous system, including cases with signs 
of meningitis. 

Present evidence indicates that complement ac- 
tivity results from the action of at least four com- 
ponents, more or less loosely combined, and pres- 
ent in different concentrations (8-10). When 
one or more of these components are missing, there 
is an absence of complement activity. Since the 
component in least concentration determines the 
titer of complement activity (8-10), evidence of 
such activity will be found when that component is 
present in minute amounts, and negative results 
will be obtained when it is entirely absent, al- 
though the other three components may be present 
in considerable quantities. This makes it possible 
to titrate each of the four components of comple- 
ment independently by the addition of the other 
three components in excess. In accordance with 
the terminology adopted by Pillemer and Ecker 
(11) and Bier et al. (9) for complement and its 
components, whole complement as demonstrated 
by hemolytic activity is designated as C and the 
four components are designated as CT, C'2, C3 
and C'4. This evidence has been collected from 
studies of complement activity in blood serum (8- 
10). There arc no reports of similar studies in 
human cerebrospinal fluid. 


MATERIALS AND METHODS 

Definition of reagents. A reagent used for the titra- 
tion of a given component of complement does not con- 
tain the component to be titrated, but contains the three 
other components. Thus, reagent 1 (RI) contains C'2, 
C'3, and C'4, but not C'l, and is used for the titration 
of C'l. Reagent 2 (R2) does not contain C'2, but C'l, 
C'3 and C'4 and is used for the titration of C'2. Like- 
wise R3 has all the components but C'3, and R4 all 
the components but C'4, being used for the titration of 
C'3 and C'4 respectively. Since all four components are 
required to produce hemolysis of sensitized red blood 
cells, each of the reagents by itself does not produce 
hemolysis. 

Complement for the preparation of reagents was se- 
cured from guinea pigs, which were stunned by a blow 
at the base of the skull and were bled from the throat 
into sterile Petri dishes. The blood was left at room 
temperature protected from light for 30 minutes, and 
then placed in an icebox overnight. The serum was then 
drawn off, centrifuged and used immediately. No stored 
guinea pig serum was used in the preparation of reagents. 

Preparation of reagents. With the exception of R3, 
the methods of preparation of reagents were in general 
those of Heidelberger and his coworkers, with one major 
exception. The preparation of zymosan, used by these 
workers for the inactivation of the third component, is 
tedious and time consuming. Powdered zymin, which 
was used instead, is easy to prepare, yields an excellent 
reagent and lasts a long time. There were also minor 
variations in the preparation of the other reagents. 

In the separation of complement into Rl (endpiece) 
and R2 (midpiece) by KHjPO, or CO- as carried out 
in the laboratories of Heidelberger (9) and Ecker (10), 
the same preparation supplies both the Rl (supernatant 
fluid) and R2 (precipitate). This routine was varied 
since a more effective Rl was obtained by one method' 
(KHjPO,) and a better R2 by the other method (CO.). 

Preparation of Rl. To 9 volumes of chilled M/200 
KHjPO, solution I volume of chiiicd guinea pig serum 
was added slowly with constant mi.xing. After 20 min- 
utes at 0° C. the mixture was rapidly centrifuged in an 
angle centrifuge at a speed of 4000 RPM. The super- 
natant fluid was decanted, made isotonic with NaCl 
and neutralized with 0.1 N NaHCO,. Fis'c ml. amounts 
of the reagent were measured out into small bottles, 
tightly plugged, immediately placed in the freezing com- 
partment of the refrigerator and kept in the frozen slate 
until used. 
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alcohol was decanted and an equivalent amount of ether 
added, TJie suspension was shaken well and centrifuged 
at 800 RPM with the lid of the centrifuge open. The 
ether was then decanted and the sediment spread about 
the inner surface of the tube with a glass rod to facili- 
tate drying. The zymin thus prepared was a fine im- 
palpable white powder, weighing approximately 0.2 gram. 
If kept in a dry state, preferably over CaCl., it will last 
for at least three to four months. The number of bottles 
to be used depends on the amount of zymin desired. 

To prepare R3, one gram of powdered zymin was 
added to 30 ml. of buffered saline, mixed well and placed 
in a boiling water bath for 30 minutes, being stirred 
occasionally. It was then removed from the water bath, 
distributed equally into three 15 ml. centrifuge tubes and 
centrifuged for five minutes at 1500 RPM. The super- 
natant fluid was decanted as completely as possible. 
Each tube then contained the boiled zymin in a volume 
of about 0.5 ml. One ml. of guinea pig serum xvas added 
to each tube, stirred well with a glass rod and placed 
in a water bath at 37° C. for one and one-half hours. 
The rods were left in the tubes and used for occasional 
stirring of the mixture. The serum was then separated 
from the zymin by centrifugation. It was stored undi- 
luted in the frozen state. Before using, the reagent was 
diluted 1 : 5 with buffered saline solution. This solution 
is stable for at least three to four weeks. 

Preparation of R4. To inactivate the fourth com- 
ponent of complement, 0.12 ml. of 0.15 M hydrazine was 
added to 1 ml. of guinea pig serum, mixed thoroughly and 
incubated in a water bath at 37° C. for one hour. It 
was stored undiluted in the frozen state. Before use it 
was diluted 1 ; 5 with buffered saline. 

Titration of complement components. Whenever a 
sufficient amount of spinal fluid was available, the quan- 
titative method of Wadsworth et al. (13) was used as 
in previous studies (14, 15). However, in the majority 
of cases only enough fluid was obtained to enable us to 
apply a qualitative test as follows ; The presence of com- 
plete hemolysis of 0.2 ml. of a 5% suspension of sensi- 
tized sheep’s red blood cells in 0.15 ml. of spinal fluid 
was read as 100% hemolysis. Partial hemolysis was read 
by comparison with color standards (13) representing 
percentages of hemolysis ranging from 5% to 95% in 
intervals of 5%. 

Spinal fluid specimens. The spinal fluids used in tin's 
study were those collected by the Division of Acute 
Infectious Diseases of the Central Nervous System of 
the Bureau of Laboratories of the New York City De- 
partment of Health. These specimens were routinely 
examined for total protein, sugar content, cell count and 
the presence of micro-organisms, and the results were 
made available for comparison with titers of complement 
activity.i 

' Acknowledgment is made to Miss Ruth Gosling, 
Bacteriologist, Bureau of Laboratories, New York City 
Department of Health, who performed the routine ex- 
aminations. 


A total of 43 specimens were examined from 43 cases 
of cerebrospinal diseases, including cases of meningitis 
caused by the pneumococcus, meningococcus, beta hemo- 
lytic streptococcus, influenza bacillus, tubercle bacillus, as 
well as from cases diagnosed as poliomyelitis, measles 
encephalitis, postvaccinial encephalitis, mumps encephali- 
tis, encephalomyelitis and other diseases as indicated in 
Tables I and III. All specimens were tested within 72 
hours of collection, and the majority were tested within 
24 hours of collection. All specimens were kept at re- 
frigerator or freezing temperatures during the interval. 
From previous observations on blood serum (IS), it is 
unlikely that the delay between collection and testing 
was a factor in the results obtained. 

TABLE II 


Median concentration of spinal fluid sugar and protein 
according to complement components present 


Complements 

components 

present* 

Number i 
ol cases 

Median 
protein cone. 
(wg./JOO ml.) 

Median 
sugar cone. 
{mg./ too ml.) 

Large 

7 

259 

12 

Moderate 

IS 

82 

29 

Small 

17 

j 39 

i 56 


* Large = All four components present (complement 
activity). 

Moderate = Three components present. 

Small = Two or one components present. 

It would have been desirable to test for complement 
components in every specimen of spinal fluid from each 
patient so as to follow the exact trend of the appearance 
and disappearance of individual components during the 
course of disease. This study was limited, however, to 
individual observations during the disease because of the 
method of collection of specimens. Nevertheless, the data 
as collected adequately support the conclusions reached 
in this paper. 

In most instances, spinal punctures were performed by 
hospital internes and the specimens sent to the Bureau of 
Laboratories by messenger. The amount of spinal fluid 
necessary for the performance of routine examinations 
was removed, and the remainder forwarded for comple- 
ment titration. 

RESULTS AND DISCUSSION 

Table I, consisting of anal 3 'ses of single speci- 
mens from individual cases of meningitis, dem- 
onstrates the correlation of the changes in comple- 
ment activity with those in protein and sugar 
concentrations. The greater the deviation of the 
routine laboratory findings from normal, the 
greater tiie number and the concentration of the 
individual components. This is further demon- 
strated in Table 11. Thus complement titrations, 
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cerebrospinal fluid, during acute inflammatory dis- 
eases, results frorn leakage of the components 
across the membrane of the choroid plexus, and 
not from local production of the individual com- 
ponents ; however, proof of this must await simul- 
taneous titrations of specimens of blood and cere- 
brospinal fluid. 

SUMMARY 

1. One or more components of complement were 
always found in the spinal fluid in infectious cere- 
brospinal disease. 

2. In specimens from patients with infections of 
the central nervous system, an analysis of the num- 
ber and concentration of the components corre- 
lates with the median values of abnormal concen- 
trations of protein and sugar. 

3. In specimens obtained from cases of inflam- 
matory diseases of the central nervous system not 
due to bacteria, the number and concentration of 
the components are less than those occurring in 
the bacterial diseases. 

4. In inflammatory diseases of the central nerv- 
ous system, C4 and Cl, the components present 
in largest concentration, occur most frequently. 
C'3 and C'2 follow in order of occurrence and in 
concentration. 

5. C2 is found in least frequency and then only 
in low titer. It is this component which deter- 
mines total complement activity of the cerebro- 
spinal fluid, since it is only found when the other 
three components are present. 
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THE EFFECT OF ADRENOCORTICOTROPHIC HORMONE IN CONGENITAL 
ADRENAL HYPERPLASIA WITH VIRILISM AND IN CUSHING’S 
SYNDROME TREATED WITH METHYL TESTOSTERONE^ 

By ROGER A. LEWIS and LAWSON WILKINS 

(From the Dcpartmeiit of Pediatrics, Johns Hopkins University School of Medicine, and the 
Harriet Lane Home of the Johns Hopkins Hospital, Baltimore) 
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There have been several reports of the metabolic 
effects of adrenocorticotrophic hormone in normal 
individuals (1-3) and in patients with Addison’s 
disease (1), or panhypopituitarism (4). This 
trophic hormone has little or no effect upon the 
metabolic processes in Addison’s disease. In 
normal individuals and in cases of panhypopitui- 
tarism there may be profound effects. The changes 
which occur in the first four hours after a single 
injection of 25 mg. have been studied by Thorn 
and his coworkers (1). The hematological 
changes consist of a shift from mononuclear to 
polymorphonuclear cells and a fall in the number of 
eosinophils. The metabolic changes are reflected 
in the urinary excretion. Using creatinine as a 
reference there is a rise in uric acid, potassium, 
chloride and sodium. 

Browne and his group (2) have studied the ef- 
fect of large doses, 210 mg., of adrenocorticoti'ophic 
hormone administered over a 24-hour period to a 
normal patient. They found oliguria, weight gain, 
increased excretion of 17-ketosteroids and neutral 
reducing lipids, increased excretion of potassium 
and retention of sodium and chloride. The reten- 
tion of sodium was apparent during the 24 hours of 
treatment and more marked during the 24 hours 
immediately after treatment. There was also an 
increase in the fasting blood sugar from 98 to 148 
mg. %, glycosuria and a slight rise in the urinary 
output of nitrogen. 

The effect of long range treatment with adreno- 
corticotrophic hormone has been studied by Thorn 
and his group, 40 mg. a day for four to six days 
(1) ; by Mason ct a!., 25-100 mg. a day for 12 

1 This work was made possible by a grant from the 
American Cancer Society for studies on the relationship 
of the pituitary hormones, thyroid hormone and the 
steroid hormones of the adrenal glands and gonads to 
normal and abnormal growth, and by a grant from the 
Commonwealth Fund for the study of endocrine prob- 
lems in childhood. 


days (3) ; and by Albright, Forbes and Bartter, 
100 mg. a day for six days (4) . Mason et al, work- 
ing with Li’s hormone isolated from sheep glands, 
noted an increase in the excretion of 17-ketoster- 
oids and neutral reducing lipids but no significant 
alteration in electrolyte metabolism. However, 
Thorn’s group and Albright, Forbes and Bartter! 
working with adrenocorticotrophic hormone iso- 
lated from hog pituitaries, noted in all cases an 
increase in the excretion of potassium and decrease 
in the excretion of sodium and chloride during the 
administration of the hormone. Although the re- 
tention of sodium and chloride was more marked 
during the second 24 hours of treatment it also 
occurred consistently during the first 24 hours. 
Other changes were a rise in the excretion of 17- 
ketosteroids and neutral reducing lipids, a rise in 
the fasting, blood sugar and an increased excre- 
tion of nitrogen. Albright, Forbes and Bartter 
studied also the effect of adrenocorticotrophic hor- 
mone isolated from sheep glands and observed the 
same effects as with the hog gland preparation. 

There have been no reports on the effect of 
adrenocorticotrophic hormone upon the respira- 
tory quotient and no studies upon its effect in 
Cushings syndrome or adrenal hyperplasia with 
virilization. During the past year we have been 
able to administer adrenocorticotrophic hormone to 
one patient with Cushing’s syndrome who was be- 
ing treated with methyl testosterone, and to two 
girls with congenital adrenal hyperplasia causing 
pseudoheraaphroditism. Studies of the respira- 
tory quotient as well as other metabolic effects and 
the renal excretion of steroids and electrolytes 
were performed. The results were quite unusual 
and despite the small number of cases studied are 
being reported at this time. 

methods 

The patients were placed on a constant diet which 
approximated tlie normal intake as closely as possible. . 



ACTH IN Cushing’s syndrome and adrenal hyperplasia 


395 


TABLE I 

Composition of the diet 


Syndrome 

i Carbo- 
hydrate 

IF.^t 

1 Pro- 
tein 

1 Calo- 
ries 

I So- 
' diuni 

I Potas- 
f slum 

1 

Chlo- 

ride 

Cushing’s 

syndrome 

gm. 

265 

1 

gm. 

90 

! gm. 

1 90 

, caL 
\ 2,200 

: 80 

1 

; nt.eq. 
106 

m,fq. 

70 

Adrenal hyper- 
plasia case B 

220 ' 

80 

60 

1 

1 

1,800 

126 

1 

i 

85 

100 

Adrenal hyper- 
plasia case D 

225 ’ 

80 

60 

1,800 

i 

112 

84 

100 


The protein, fat and carbohydrate composition of the diet 
as well as the sodium, potassium and chloride content 
were calculated from conventional sources. Each patient 
was given one gram of salt a day to use in seasoning 
food. This is included in the figures for the diet pre- 
sented in Table I. The fluid intake was not restricted 
because of the variable warm weather. 

Venous blood was taken for chemical and hematological 
studies 24 hours before the start of treatment, 48 hours 
later at the end of the 24'hQur treatment period, and 
again 48 hours later. The respiratory quotient and 
metabolic rate were determined before breakfast and in 
the afternoon following a rest period of two to three 
hours. Urine was collected in 24-hour periods and pre- 
served with thymol and acetic acid. 

No studies were made during the first three days on 
the Constant diet. The next three days served as a con- 
trol period and treatment was given over the next 24 
hours. The following 24'hour period was kept separately 


to see if there was any carryover or rebound from the 
treatment period. The following three days served as a 
post-treatment control period. 

The gas analyses were made with a Scholander ap- 
paratus (5) on samples of expired air collected in a 
Douglas bag. Ketosteroid excretion was measured by 
colorimetric estimation with dinitrobenzene in alkaline 
alcoholic solution (6). The neutral reducing lipids of 
the urine were measured by the phosphomolybdic acid 
color reaction (7) performed on extracts obtained by 
chloroform extraction and subjected to benzene-water 
partition (8) but not Girard’s separation.- Other chem- 
ical determinations were performed by conventional meth- 
ods (9) except for sodium and potassium which were 
estimated with the flame photometer (10). Ordinary 
technics were used in the hematological studies. 

The adrenocorticotrophic hormone used in these ex- 
periments was prepared from hog pituitary glands.^ Each 
patient was given eight intramuscular injections of 66 
mg. hormone freshly dissolved in 5 cc. of normal saline 
at intervals of three hours. The total dose of 528 mg. 
was equivalent to 83 mg. of the standard preparation as 
assayed by the manufacturers,^ 

CASE HISTORIES 

Cushing’s syndrome: The patient (H. L. H. A 35977) 
was a boy aged 16% years. His health was excellent 

2 The neutral reducing lipids are generally reported as 
“ll-oxysteroids.” 

3 Kindly furnished by Dr. John R. Mote, The Armour 
Co., Chicago, Illinois. 

* Lot No. 42-B, serial No. G-59703-A, 33 mg. equiva- 
lent to 5.2 mg. standard. 


TABLE 11 

Clinical effects of adrenocorticotrophic hormone 



Period 

Body 

weight 

Poise 

Biood ' 

pressure ! 

1 

Fluid 

output 

Metabolic 

rate 

Respiratory 

quotient 

Cushing’s 

syndrome 

Control 

kg. 

58.9 

per mitt. 

51 

mm,/Bs 
150/100 1 

cc. 

1,575 

cal. /day 

1,640 

.85 

Treatment 

59.2 

so 

130/85 

1,235 ' 

1 

1,797 

.76 

Next day 

59.0 

51 

185/210 

1,580 

1,652 

.89 

Control 

S9.2 

48 

150/100 

1,690 

1,563 

.90 

Adrenal hyper- 
plasia case B 

Control 

30.1 

101 

108/57 

760 

1,270 

.86 

Treatment 

1 29.8 

1 

100 

120/55 

1,205 

1,280 

,82 

Next day 

29.9 

100 

90/50 

930 

1,290 

.87 

Control 

30.0 

92 

100/55 

600 

1,360 

.84 

Adrenal hyper- 
plasia case D 

Control 

29.0 1 

93 ! 

112/62 

1,040 

1,474 

— 

Treatment 

28.6 

102 

120/80 

790 

1,416 

.78 

Next day 

28.8 

90 ' 

110/60 

855 

1,476 

.85 

Control 

28.9 

90 ! 

110/60 

670 

1.3S4 

.85 
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TABLE in 


Effect of adrenocorticolrophic hormone upon urinary excretion 


Syndrome 

Period 

Sodium j 

Potassium 

Chloride 

Nitrogen 

Neutral 

reducing 

lipids 

17-keto- 

stcroid 

Cushing’s 

syndrome 

Control 

fn.eq, 

142 

m,tQ, 

72 

m.eq. 

147 

13.3 

ms. 

0.33 

mg. 

10.4 

Treatment 

39 

120 

102 

13.9 

1.06 

24.4 

Next day 

38 

79 

66 

14.5 

0.69 

20.2 

Control 

133 

76 

117 

14.0 

0.33 

8.3 

Adrenal hyper- 
plasia case B 

Control 

95 

61 

108 

9.7 

0.14 

27.2 

Treatment 

133 

63 

136 

13.2 

0.30 

41.8 

Next day 

72 

48 

88 

10.4 

0.09 

29.2 

Control 

93 

68 

107 

10.5 

0.11 

26.4 

Adrenal hyper- 
plasia case D 

Control 

138 

74 

137 

10.1 

0.27 

32.0 

Treatment 

468 

153 

432 

8.1 

0.37 

55.0 

Next day 

81 

57 

105 

8.9 

0.33 

36.0 

Control 

81 

42 

85 

6.8 

0.21 

35.0 


until the present illness which began at the age of 11 
when he was a thin and energetic child. In the course 
of the next year he gained 50 lbs., developed a round 
“moon” ruddy face, purplish striae on the trunk, acne 
and excessive hair. The glucose tolerance was of a 
diabetic type but glycosuria did not occur. His blood 
pressure was 160/100. X-rays showed osteoporosis and 
a calculus in the right kidney. At the age of 12 a fight 
ureterolithotomy and a left nephrolithotomy were per- 
formed. The adrenals were explored and found to be 
grossly normal. A biopsy showed hyperplasia of the 


reticular zone of the cortex. He was given 20 doses of 
95 R.U. of radiation to the pituitary. In 1945 at the 
age of 14 he was readmitted and found to have a urinary 
excretion of 2.9 mg. of neutral reducing lipids and 27-37 
mg. of 17-ketosteroids. He was then placed on 30 mg. 
methyl testosterone daily and the neutral reducing lipids 
fell to 0.58 mg., while the 17-ketosteroids fell to 12 mg. 
Treatment with methyl testosterone was continued up 
until the time of the present study, throughout the ex- 
periment and after discharge from the hospital. At the 
time of these studies the classical picture of Cushing’s 


TABLE IV 

Effect of adrenocorticolrophic hormone upon blood chemistry 


Syndrome 

Period 

Sodium 

Potassium 

CO 2 comb, 
power 

Chloride 

Cholesterol 

Sugar , 

Cushing's 

syndrome 

Control 

m.eg,/l. 

137.5 

m.eg./l. \ 

4.7 

m.eg./l. 

28.7 

m.eg./l. 

105.0 

mg. % 

375 

mg. % 

76 

Treatment 

136.6 

5.0 

27.0 

102.3 

327 

118 

Control 

135.3 

4.9 

26.6 

105.6 

! 

345 

80 

Adrenal hyper- 
plasia case B 

Control 

136.0 

3.9 

25.0 

110.2 

177 

84 

Treatment 

139.0 

4.3 

24.2 

104.7 

165 

92 

Control 

133.5 

4.4 

26.2 

102.0 

160 

1 104 

Adrenal hyper- 
plasia case D 

Control 

137.5 

3.8 

26.6 

104.0 

120 

88 

j 

Treatment 

135.5 

4.2 

25.8 

102.0 

121 

88 

Control 

141.5 

3.8 

1 

27.0 

102.2 

125 

80 
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TABLE V 


Hematological effects of adrenocorlicotrophic hormone 


Syndrome 

Period 

Hematocrit 

leucocytes 

Polymorpho- 

nuclears 

Eosinophils 

Mononuclear 

cells 

Cushing's syndrome 

Control 

mm. 

47.2 

per cmm. 

5,400 

per cent 

69 

per cent 

3 

per cent 

28 

Treatment 

49.0 

14,400 

87 

1 

12 

Control 

48.0 

9,150 

67 

0 

1 32 

Adrenal hyperplasia 
case B 

j 

Control 

43.5 

6,400 

35 

0 

65 

Treatment 

45.7 

9,800 

56 

5 

39 

Control 

45.4 

5,600 

28 

9 

63 

Adrenal hyperplasia 
case D 

Control 

36.8 

3,850 

49 

1 

50 

Treatment 

37.8 

6,900 

53 

2 

45 

Control 

34.8 

6,800 

44 

8 

48 


syndrome had not changed materially although there had 
been no apparent progress o£ the disease. -The weight 
was 133 lbs. and' the height SS.3 inches. Obesity and dull 
red striae were still present. The blood pressure was 
lSO/100. The testes measured only 1.8 X 3 cm. X-rays 
showed a bone age of 15 years and slight osteoporosis. 
The laboratory data are given in Tables II-V. 

Congenital adrenal hyperplasia with female pseudo- 
hermaphroditism. Case B. The patient (H. L. H. A 
47344) was a girl aged 6Va years. Mother, father and 
a younger sister are alive and well. General health ex- 
cellent except for the present illness and an attack of 
measles one month before this hospitalization. Enlarged 
clitoris and absence of a vaginal orifice was noted at 
birth and pubic hair appeared at the age of three. At 
five she was found to have a height age of seven and a 
bone age of II with an I.Q. of 120. The clitoris was 
amputated and a urogenital sinus was demonstrated. At 
the time of these studies the weight was 63 lbs. and the 
height 56 inches. There was abundant pubic and axillary 
hair and the voice was deep. There was marked acne 
and seborrhea. The laboratory data are shown in Tables 
II-V. 

Congenital adrenal hyperplasia with female pseudo- 
hermaphroditism. Case D. The patient (H. L. H. A 
30453) was a girl aged 6% years. Mother and father 
are well and a younger sister is quite normal but two 
younger brothers have adrenal hyperplasia with preco- 
Clous secondary sexual development but small testes, 
t the age of 12 days a diagnosis of pseudohermaphro- 
itism was made. At the age of 19 months a urogenital 
^nus was demonstrated and a laparotomy performed. 

^ us revealed normal uterus and ovaries and normal 
sized adrenals. At the age of five years pubic hair 
appeared. At the time of these studies the weight was 
^ s. and the height 55.5 inches. There was abundant 
jw 1 C and axillary hair and the voice was unusually deep, 
ere was no pigmentation although the skin was tan 


in color. Laboratory examinations are shown in Tables 

II-V. 

RESULTS 

From Table II it may be seen that there was 
very slight rise in the blood pressure of the two 
cases of adrenal hyperplasia, and no rise in the 
case of the treated Cushing’s syndrome until the 
day after treatment was completed. There was 
little change in the pulse rate and no febrile re- 
sponse. The girls with adrenal hyperplasia lost .3 
to .4 kg. of weight during the 24-hour treatment 
period while the boy with Cushing’s syndrome 
gained approximately the same amount, .3 kg. 
The fluid intake was not constant nor accurately 
measured. There was no consistent change in 
the metabolic rate of the girls with adrenal hyper- 
plasia, while there was a slight rise in the case of 
Cushing’s syndrome. 

The rise in excretion of neutral reducing lipids. 
Table III, in the cases of adrenal hyperplasia was 
small, from .27 lo .37 mg. per 24 hours in one 
case, and from .14 to .30 mg. per 24 hours in the 
other, while in the case of Cushing’s syndrome the 
rise was more marked and lasted longer. It aver- 
aged .33 during the control period and rose to 
1.06 on the day of treatment, remained at .69 the 
next day and then averaged .33 mg. per 24 hours 
for the next three days. The fall in respiratory 
quotient in the cases of adrenal h 3 -perplasia was 
also less marked than in the case of Cushing’s syn- 
drome. In the latter, the respiratory quotient dur- 
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ing the control period averaged .85, immediate!)'- 
after treatment fell to .76, rose to .89 the next day 
and then averaged .90 the next three days. 

There was no rise in the fasting blood sugar in 
the cases of adrenal hyperplasia, but in the boy 
with Cushing’s syndrome the fasting level of 76 
mg. % was increased to 116 mg. % after the in- 
jection of adrenocorticotrophic hormone, and fell 
again the next day to 80 mg. %, Table IV. The 
urinary excretion of nitrogen remained relatively 
constant except in one of the cases of adrenal hy- 
perplasia where there was an increase on the day 
of treatment. 

Although the daily excretion of 17-ketosteroids 
before treatment was much higher in the girls 
with adrenal hyperplasia and virilism than in the 
case of Cushing’s syndrome, following adreno- 
corticotrophic hormone there was also a greater 
rise in the urinary output, i.e., from 27 to 42 mg. 
in one case, and from 32 to 55 mg. in the other. 
The rise in the case of Cushing’s syndrome per- 
sisted for a longer time, the excretion being 10.4 
mg. daily during the control period, 24.4 on the 
day of treatment, 20.2 the next day and then aver- 
aging 8.3 mg. for the next three days. 

There was a moderate increase in the excre- 
tion of potassium on the day of treatment in the 
case of Cushing’s syndrome and in one of the cases 
of adrenal hyperplasia. All three cases showed a 
decreased potassium excretion on the day follow- 
ing treatment. 

The boy with Cushing’s syndrome showed a 
very marked retention of sodium on the day of 
treatment, an effect which carried over to the next 
day. The sodium excretion during the control pe- 
riod averaged 142 m.eq. per day, fell to 39 m.eq. 
on the day of treatment, remained at 38 m.eq. the 
next day, and then rose to 133 m.eq. a day for the 
last three days of the experiment. This retention 
of sodium was so marked that there was a decrease 
in the chloride excretion despite the rise in potas- 
sium excretion. 

On the other hand, both cases of adrenal hyper- 
plasia with virilism showed an increased excretion 
of sodium on the day of treatment. In one of the 
cases the sodium excretion rose from 138 m.eq. a 
day to 468 m.eq. on the day of treatment and 
dropped to 81 m.eq. a day for the following four 
days. With the increased sodium excretion there 
was also an increase in the chloride excretion. The 


girl who showed the marked sodium and chloride 
diuresis manifested a slight drop in serum sodium 
and chloride, from 137.5 to 135.5 m.eq. per 1. 
and from 104.0 to 102.0 m.eq. per 1. respectively. 

Only in the case of Cushing’s syndrome was 
there a significant change in the serum cholesterol 
which fell from 375 to 327 mg. %, and then rose 
to 345 mg. fd. In this case the total serum fat 
also fell from 1120 to 1070 mg. %, and then rose 
to 1250 mg. fo. 

All three cases showed a slight rise in the total 
white blood cell count and a shift from mononu- 
clear to polymorphonuclear cells. Table V. The 
boy with Cushing’s syndrome manifested a fall in 
the percent of eosinophils at the end of the treat- 
ment period, while the two girls showed a delayed 
rise in the eosinophil count when it was taken dur- 
ing the post treatment period. The eosinophil 
percentage was determined b)' blood smears rather 
than by direct count so that minor changes are not 
significant. 

DISCUSSION 

The boy with treated Cushing’s syndrome re- 
sponded to the injections of adrenocorticotrophic 
hormone in much the same fashion as a normal 
individual (1, 2). The rise in 17-ketosteroid and 
neutral reducing lipid excretion was of approxi- 
mately the same magnitude and duration (two 
days) as with normal individuals. It should be 
noted at this point that this patient had received 
pituitary radiation in the past and was given 30 
mg. methyl testosterone daily for two years prior 
to hospitalization. This medication was continued 
throughout the experiment. Whether this patient 
was in partial remission or merely kept under 
control by the administration of methyl testos- 
terone cannot be determined with certainty. 

The sodium retention and gain in weight despite 
the potassium diuresis are similar to the phenomena 
which occur in normal individuals given adreno- 
corticotrophic hormone. 

The increase in fasting blood sugar observed in 
this case is similar to that reported in normal indi- 
viduals although in this instance glycosuria did 
not occur, McAlpine has pointed out that when 
glycosuria is produced the excretion of glucose is 
greater than could be accounted for by the in- 
creased excretion of nitrogen so that he suggested 
that the adrenocorticotrophic hormone might pro- 
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duce a decrease in the oxidation of glucose as well 
as an increase in the amount of gluconeogenesis 
(2). The fall in respiratory quotient observed in 
this case of Cushing’s syndrome following the ad- 
ministration of adrenocorticotrophic hormone sug- 
gests that there may have been a decrease in the 
utilization of glucose or a relative increase in the 
utilization of fats. 

The effects of adrenocorticotrophic hormone in 
the cases of congenital adrenal hjqierplasia with 
pseudohermaphroditism differ in certain respects 
from those found by us in the patient with Cush- 
ing’s syndrome, or those reported in normal and 
hypopituitary individuals. In the cases of adrenal 
hyperplasia of the androgenic type, this hormone 
caused a moderate or marked increase in the renal 
excretion of sodium instead of a sodium retention 
which is usually found. It is believed that this 
represents the first clearcut example of a trophic 
hormone producing a qualitatively different effect 
upon the same endocrine gland and suggests that 
the secretory activity of the adrenal in cases of 
congenital adrenal hyperplasia with virilism dif- 
fers qualitatively from that of other conditions. 

The explanation of the sodium loss is not en- 
tirely clear. In a preliminary discussion (11) it 
was suggested that in patients with congenital 
adrenal hyperplasia associated with Addisonian 
crises the adrenal glands might secrete steroids 
which promote sodium excretion rather than so- 
dium retention. It is known that the compounds 
17-hydroxycorticosterone and 17-hydroxy-ll-de- 
hydrocorticosterone promote the excretion rather 
than the retention of sodium (12). The fact that 
adrenocorticotrophic hormone did not cause as 
great a rise in the excretion of neutral reducing 
lipids in the cases of adrenal hyperplasia with 
virilism as it did in the case of Cushing’s syndrome 
does not prove or disprove this hypothesis. The 
marked increase in the production of 17-ketos- 
teroids is compatible with the fact that the clinical 
findings in these cases are principally due to ex- 
cessive androgen. 

SUMMARY 

Adrenocorticotrophic hormone, equivalent to 83 
rug. of the standard preparation, was administered 
over a 24-hour period to one case of Cushing’s 
s\ndromc being treated with methyl testosterone 


and two cases of congenital adrenal hyperplasia 
with virilism. 

The Cushing’s syndrome showed a rise in the 
renal excretion of 17-ketosteroids and neutral re- 
ducing lipids, a rise in the fasting blood sugar, a 
fall in the respiratory quotient, a polymorphonu- 
clear leukocytosis, an increase in the excretion of 
potassium and a marked reduction in the excretion 
of sodium accompanied by a slight temporary gain 
in weight. 

The two cases of congenital adrenal hyperplasia 
with virilism showed a marked rise in the renal 
excretion of 17-ketosteroids and only a slight rise 
in the renal excretion of neutral reducing lipids. 
There was no rise in fasting blood sugar, slight fall 
in the respiratory quotient, and a polymorphonu- 
clear leukocytosis. There was a moderate to 
marked increase rather than decrease in sodium ex- 
cretion with a slight temporary loss rather than 
gain in weight. 
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A BRIEF SKETCH OF THE HISTORY OF THE AMERICAN SOCIETY 
FOR CLINICAL INVESTIGATION 

ASSEMBLED FROM ITS RECORDS BY 

J. HAROLD AUSTIN, M.D. 

{The William Pepper Laboratory of Clinical Medicine of the University of Pennsylvania) 


The American Society for Clinical Investiga- 
tion as it is now known was organized in 1908 
under the name; The American Society for the 
Advancement of Clinical Investigation. The pres- 
ent name was adopted in 1916. 

The story of its organization has been preserv'ed 
for us by Dr. Henry A. Christian in the opening 
pages of the first Minute Book, 

FROM THE FIRST MINUTES OF THE SOCIETY 

“At the time of the meeting of the American Medical 
Association at Atlantic City in June, 1907, several men 
met in an informal conference to discuss the advisability 
of the organization of a society whose prime purpose 
should be the encouragement of medical research in this 
country by men engaged actively in the practice of 
medicine. 

“As a result of this meeting a committee was organized 
which met at the University Club in Boston on June 17, 
1907, with Dr. D. L. Edsall of Philadelphia and Drs. 
Wilder Tileston, J. H. Pratt, and H. A. Christian of 
Boston present. The general scope of the society was 
discussed at this time and it was decided to include in 
the committee Dr. W. T. Longcope of Philadelphia, Dr. 
Rufus Cole of Baltimore and Dr. S. J. Meltzer of New 
York, all of whom had been present at some of the 
informal discussions at Atlantic City. It was decided 
that a meeting should be held in New York City before 
the meeting of the Interurban Clinical Club for further 
consideration of the advisability of the organization of 
such a society, and before this meeting was held the com- 
mittee was increased by the addition of Dr. J. A. Capps 
of Chicago and Dr. A. W. Hewlett of San Francisco. 
The names of a number of men considered eligible for 
membership in the society were divided between the 
members of the committee in order that a list of their 
publications during the past five years might be looked 
up^ and thus form the basis of determination of their 
suitableness to be asked to take part in the organization 
of the society. It was agreed that seven of the nine 
members of the committee must approve each man before 
he could be considered eligible to receive a notice e.x- 
piaining the aims and objects of the society and inviting 
him to be present at the meeting for organization. 

^ On November 7, 1907, a second meeting of the com- 
mittee Was held at the Manhattan Hotel, New York, 
with Drs. Meltzer, Edsall, Cole, Capps, Pratt, Longcope, 
Tileston and Christian present. It was decided to have 


the organization meeting of the society on the day pre- 
vious to the meeting of the Association of American 
Physicians in Washington. A committee of three to 
draft a constitution for presentation at the meeting of 
organization was appointed as follows — Dr. W. T. 
Longcope, Dr. S. J. Meltzer and Dr. H. A. Christian. 

Neiv Willard Hotel; Washington, D. C. 

May 11, 1908 

“At 3:30 p.m. the following gentlemen: Drs. D. L. 
Edsall, S. J. Meltzer, A. W. Hewlett, Wilder Tileston, 
E. Libman, J. A, Capps, T. C. Janeway, W. J. Calvert, 
J. L. Miller, J. Sailer, Martin Fischer, E. A. Locke, and 
Mark Richardson, met in response to a letter of invita- 
tion sent out by a committee composed of the following : 
D. L. Edsall, H. A. Christian, S. J. Meltzer, J. H. Pratt, 
W. T. Longcope, Rufus Cole, Wilder Tileston, J. A. 
Capps, and A. W. Hewlett, for the organization of a 
new society whose proposed scope had been outlined in 
a circular letter. 

This meeting was called to order by Dr. D. L. Edsall 
of Philadelphia. 

“Dr. Edsall was then elected temporary chairman; 
Dr. H. A. Christian of Boston, temporary secretary. 

“The meeting proceeded to the consideration of the 
Constitution prepared by its committee, and with a few 
modifications of this adopted it as the original Consti- 
tution. Officers and Council to serve through the first 
Annual Meeting were elected. 

“The charter members were: 

Ashford, B. K., U. S. Armj' 

Baldwin, E. R., Saranac Lake 
Calvert, W. J., Columbia, Mo. 

Capps, J. A., Chicago 
Christian, H. A., Boston 
Cole, Rufus, Baltimore 
Cowie, D. M., Ann Arbor 
Edsall, D. L., Philadelphia 
Emerson, C. P., Baltimore 
Emerson, Haven, New York 
Fischer, Martin, San Francisco 
Foster, N. B., New York 
Hewlett, A. W., San Francisco 
Howland, John, New York 
Hunt, J. R., New York 
Janeway, T. C., New York 
Libman, E., New York 
Locke. E. A., Boston 
Longcope, W. T., Philadelphia 
McCarthy, D. J., Philadelphia 
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Meltzer, S. J., New York 
Musgrave, W. E., Manila, P. I. 

Pra'tt, J. H., Boston 
Richardson, M. W., Boston 
Rosenow, E. C., Chicago 
Sailer, J., Philadelphia 
Simon, Charles E., Baltimore 
Steele, J. D., Philadelphia 
Strong, R. P., Manila, P. I. 

Tileston, Wilder, Boston 
Wallace, G. B., New York.” 

The Constitution with its eight amendments is 
given here, for in the printed copies only the Con- 
stitution as amended up to 1916 is to be found so 
that the early form tends to be lost from sight. 
The first printed copy in 1916 substituted the first 
three amendments adopted in 1911, 1913 and 1916, 
respectively, for the original form of these parts. 

When in 1924 the next amendment was adopted 
it was designated as Amendment I and subsequent 
amendments have been successively numbered. 
It was probably forgotten that three prior amend- 
ments had been made. 

THE AMERICAN SOCIETY FOR CLINICAL 
INVESTIGATION CONSTITUTION 

ARTICLE I. NAME 

The name of this organization shall be “The 
American Society for the Advancement of Clini- 
cal Investigation.” 

[See Amendment (1916).] 

ARTICLE II. OBJECTS 

The objects of this Society shall be the cultiva- 
tion of clinical research by the methods of the na- 
tural sciences ; the unification of science and prac- 
tice of medicine; the encouragement of scientific 
investigation by the practitioner and the diffusion 
of a scientific spirit among its members. 

ARTICLE in. MEMBERSHIP 

Section 1. Eligibility. 

Any practicing physician residing in the United 
States or Canada who has accomplished a meri- 
torious, original investigation in the clinical or al- 
lied sciences of medicine, and who enjoys an un- 
impeachable moral standing in the medical pro- 
fession, is eligible to membership. 

Section 2. Obligations. 

Members must manifest a continuous interest in 
the objects of the Society (1) by carrying out and 


reporting some original investigation in medicine 
at least once in three years ; (2) by attending at 
least every other annual meeting. The neglect 
of either of these two obligations without an ex- 
planation acceptable to the Council carries with it 
forfeiture of membership. (3) By being active 
in the diffusion of the principles of the Society, 
particularly among the students who come under 
their charge. 

[See Amendment IV (1939).] 

Section 3. N ominations and electio7is. 

Nominations to membership signed by two mem- 
bers who are not officers of the Society must be 
made in writing at an annual meeting of the So- 
ciety, and within three months after the time of 
nomination the nominators shall transmit to the 
Council letters stating the qualifications of the 
nominee and also a list of his professional positions 
and publications. The Council shall report those 
nominations which are approved by a two-thirds 
vote to the next annual meeting for election. An 
affirmative vote of three-fourths of the members 
present shall be necessary for the election of mem- 
bers. 

[See Amendment (1913-15).] 

Section 4. Bxptilsion. 

Members may be expelled also for reasons not 
especially mentioned in the Constitution by a three- 
fourths vote of the total membership. The vote 
shall be by secret ballot. 

[See Amendments 1(1924), 11(1929), III- 
(1930), V(1941).] 

ARTICLE IV. OFFICERS 

Officers of the Society shall be a President, Vice- 
President, Secretary, and Treasurer, all to be 
elected as follows : each year a Councillor shall be 
elected to serve three years. However, at the 
first meeting three Councillors shall be elected, 
one of whom shall serve one year, one two )’’ears 
and one three years. The order of retirement of 
the first Councillors is to be determined by lot. 
A retiring officer, with the exception of the Vice- 
President, the Secretary and the Treasurer, shall 
not be eligible for any office until the expiration of 
one year. These officers are to be nominated by a 
committee of three appointed by the President, and 
the election shall be by secret ballot. 

[See Amendment (1911).] 
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ARTICLE V. DUTY OF OFFICERS 

The duties of President, Vice-President, Sec- 
retary, and Treasurer shall be those usually as- 
signed to those officers. The Secretary shall also 
arrange for the publication of abstracts of papers 
presented at the meetings of the Society. 

ARTICLE VI. COUNCIL 

Council shall consist of the President, Vice- 
President, Secretary, Treasurer, and the three 
Councillors. Four members shall constitute a 
quorum. It shall be the duty of the Council to 
supervise the affairs of the Society, to make all the 
arrangements for the annual meeting, to report 
on the work of the members, to consider all nomi- 
nations for membership and to report on them at 
the meeting at which they shall be balloted on. 

ARTICLE VII. MEETINGS 

The Society shall hold one general meeting an- 
nually. 

article VIII. QUORUM 

Any number of members at the appointed time 
of the annual meeting shall constitute a quorum for 
the transaction of ordinary business. For the 
election of members, fifteen shall be necessary for a 
quorum, and for altering the Constitution forty per 
cent of the membership shall be necessary. 

ARTICLE IX. ANNUAL DUES 

The annual dues of the Society shall be such sum 
as the Council from time to time may fix. The 
non-payment of dues for three consecutive years 
carries with it the forfeiture of membership. 

ARTICLE X. AMENDMENTS TO THE CONSTITUTION 

Amendments to the Constitution must be pro- 
posed in writing by five members at an annual 
meeting, and must be acted upon at the succeeding 
annual meeting, notices of which shall contain an 
announcement of the proposed amendment, and 
such amendments shall require for their adoption 
an affirmative vote of three-fourths of those pres- 
ent. 

AMENDMENTS 

191 1 : Article IV amended to read : 

article IV. OFFICERS 

Officers of the Society shall be a President, 
Vice-President, Secretary, and Treasurer, all to 
be elected annually. In addition each year a 
Councillor shall be elected to serve three vears. 


However, at the first meeting three Councillors 
shall be elected, one of whom shall serve one 
year, one two years, and one three years. The or- 
der of retirement of the first Councillors is to be 
determined by lot. All officers are ineligible for 
re-election except the Secretary and Treasurer, 
who may be re-elected twice, the total period of 
continuous service not to exceed three years. 
These officers are to be nominated by a committee 
of three appointed by the President, and the elec- 
tion shall be by secret ballot. 

1913 (with confirmation 1915) ; Article III, 
Section 3, to read : 

Section 3. Nominations and election. 

Nominations to membership may be made in 
writing to the Secretary at any time. Nominations 
must be signed by two members, who are not 
officers of the Society, and must be accompanied 
by a statement of the qualifications of the nominee 
and a list of his professional positions and publica- 
tions. All names thus placed in nomination prior 
to January 1st preceding each annual meeting 
shall be considered by the Council, which shall 
pass upon the qualifications of the candidates and 
report to the Society for election at the annual 
meeting such names as it shall approve by a two- 
thirds vote. An affirmative vote of at least three- 
fourths of the members present shall be necessary 
for election. 

The Council shall also report to the Society a 
list of candidates whose names shall be continued 
in nomination. 

1916: Article I amended to read : 

article i. name 

The name of the Society shall be “The Amer- 
ican Society for Clinical Investigation.” 

1924; Amendment ‘T”; add to Article III: 

That the number of active members be limited 
to 200. Active members whose membership has 
extended throughout twenty years, will automati- 
cally be transferred to emeritus membership, and 
those whose membership has e.xtended throughout 
ten years or more may at their own request be 
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transferred by the Council to emeritus member- 
ship. 

[See Amendments III (1930) and V (1941).] 

1929 : Amendment “II” : add to Article III : 

In addition to the classes of membership already 
provided, there shall be a class of associate mem- 
berships each open upon recommendation of the 
Council to universities, to clinics or to other or- 
ganized groups and each to continue from year to 
year by the approval of the Council. The dues of 
such memberships are to be such sums as the 
Council from time to time may fix and these dues 
shall be used for the support of the Journal of 
Clinical Investigation. Such memberships shall 
be without voting privilege. 

1930: Amendment “HI”: amending Amend- 
ment I (1924) adding: 

Active members who have reached the age of 
forty-five years prior to the annual spring meet- 
ing of the Society, shall automatically become 
emeritus members. 

1939 ; Amendment “IV” : amending Article III, 
Section 2, to read : 

Section 2. Obligations. 

Members must manifest a continuous interest in 
the objects of the Society by the following: (1) 
They must attend at least every other annual 
meeting. The neglect of this obligation without 
an explanation acceptable to the Council carries 
with it forfeiture of membership. (2) They must 
be active in the diffusion of the principles of the 
Society, particularly among the students under 
their charge. 

1941 : Amendment “V”: amending Amendment 
I (1924) : 

(a) Active members, whose membership has 
extended throughout twenty years, will automati- 
cally be transferred to emeritus membership, and 
those whose membership has extended through 
ten or more years may at their own request be 
transferred by the Council to emeritus member- 
ship. [See also Amendment III (1930).] 


Emeritus members shall be entitled to attend 
all meetings, but not to vote or hold office. They 
shall be exempt from dues. 

(b) The Council shall have authority to rec- 
ommend each year to the Society the names of 
properly qualified candidates equal to the number 
of retiring active members, or up to the number of 
twenty-five, depending on which number is the 
larger. 

At the first Annual Meeting in Washington in 
1909 there were 15 of the 31 charter members 
present. On the program were listed 16 papers in- 
cluding the President’s address : of these 13 are 
recorded as having been read. 

At this meeting the first President, Dr. S. J. 
Meltzer, outlined in his opening address the pur- 
poses for which the Society was formed. No bet- 
ter statement can be made than this address pro- 
vides. It can be read in full in the Journal of the 
American Medical Association. Excerpts from 
it are presented here : 

EXCERPTS FROM THE PRESIDENTIAL ADDRESS AT THE 

FIRST ANNUAL MEETING OF THE AMERICAN 
SOCIETY FOR THE ADVANCEMENT OF CLIN- 
ICAL INVESTIGATION, MAY 10, 1909, 
WASHINGTON, D. C. 

(From J. A. M. A., 1909, S3, 508-512) 

“The honor of the presidency of a society goes with 
the privilege of discussing some of the aims of that 
society. Such a privilege becomes a duty on the occa- 
sion of its first birthday. We have to show the specific- 
ity of our objects to justify the addition of a new medical 
society to the many already in existence. As your first 
president and as one of the instigators of the movement 
which led to the formation of this association permit me 
to discuss some of the problems to the solution of which 
this association wishes and hopes to contribute. 

CLINICAL MEDICINE AS A SCIENCE 

“In the first place, I wish to discuss the problem of 
clinical medicine as a science. In years gone by, medi- 
cine was a unit and its leaders tried to master all its 
aspects. With the development of scientific methods and 
the growth of knowledge a process of differentiation took 
place. Heavy branches grew out of the stem of medi- 
cine, broke off and obtained an independent existence. 
Anatomy with all its dependencies broke away early, then 
followed physiology, pathologic anatomy, pharmacology 
and physiologic chemistry. Bacteriology tore off the 
branches of etiology and established itself as an inde- 
pendent growth. All these offsprings of medicine are 
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now well established as pure sciences, they still closely 
affiliate with the mother-stem and are often designated 
as the sciences of medicine. What is left of the old stem 
is clinical medicine. What is the character of this re- 
siduum? It is generally designated as the practice of 
medicine. I am not aware that any one has had the 
courage to call it a pure science. Those who do not 
like to call it an art say that it is an applied science. 
According to this view, the relation of clinical medicine 
to the sciences of medicine is that of technology to sci- 
ence in general. I am afraid that this conception of 
clinical medicine is widespread among those who are in 
the practice as well as among those who are in the 
sciences of medicine. 

"However this may be, I feel sure that such a view is 
logically erroneous and practically harmful. I wish to 
plead for an extension of the process of differentiation 
also to clinical medicine. I am of the opinion that clini- 
cal medicine as it exists now is made up of two con- 
stituents: one part has all the elements of a pure science 
and ought to be coordinate to the other pure sciences of 
medicine, and the other part is the real practice of medi- 
cine, an applied science which has many elements of an 
art. At present both parts are so closely interwoven that 
they present the appearance of a natural unit the splitting 
of which into two parts might appear to some as an 
impossible and undesirable process.” 

♦ ♦ * * 

“To clinical medicine is left the study of the phe- 
nomena and their sequence as they occur in a living body 
during the entire course of a disease. It has to interpret 
these phenomena by known physiologic laws, to identify 
them with similar phenomena experimentally produced in 
animals and it has to correlate the phenomena observed 
in the course of a certain disease during life with the 
anatomic changes found at the postmortem examinations 
in case the disease has a fatal termination. It is also 
one of the tasks of clinical medicine to study the influence 
on the onset and course of phenomena of diseases which 
certain means and remedies may exert whose physio- 
logic actions are well established. In other words, the 
domain of clinical research comprises the study of the 
natural history of diseases, their physiology and their 
pharmacology. Can there be any doubt that these studies 
constitute legitimate objects of a pure science?” 

♦ * * * 

^ After showing that there is a definite field for a 
science of clinical medicine the next question is who 
should be the men to carry on the research in this field? 
What should be their qualifications? In the first place, 
they must have a training fitting them to carry out 
investigations in conformity with the requirements exist- 
ing in all pure sciences. They must not only be in- 
ormed and trained in the other sciences of medicine, but 
must have carried on various investigations in one or 
more of these pure sciences, so as to become familiar 
v- ith careful scientific methods and imbued with a scicn- 
h c spirit. They will thus learn best how to shape a 
pro lem so as to make it amenable to a solution; how 
to marshall the consecutive steps of an investigation so 


as to bring out the reply to the question in hand. They 
will learn to avoid bias in the search, to apply criticism 
to the findings; they will learn not to trust only few 
facts, not to rejoice prematurely over findings and not to 
be disheartened by failures. They will thus acquire the 
habits and the tastes of the investigator, the scientist, 
which may then stick to them for life. 

“However, after all these preparations they must select 
clinical research as the main field of their scientific activ- 
ity. Clinical science will not thrive through chance 
investigations by friendly neighbors from the adjoining 
practical and scientific domains. Such volunteer service 
which for the present is keeping up the cultivation of 
the unacclaimed region is most certainly very welcome. 
But the acclamation, cultivation and maintenance of a 
field of pure science of clinical medicine cannot be accom- 
plished by chance services from volunteers ; for such a 
purpose we need the service of a standing army of 
regulars. The investigator in clinical science must de- 
vote the best part of his time and intellectual energies to 
the cultivation and elevation of this field just as the 
physiologist does in his domain — or at least as he ought 
to do." 

* J*: * 

“Let me recapitulate. There is a necessity for a dif- 
ferentiation of clinical medicine into a science and a 
practice. The clinical science has well-defined objects 
and is a most important department. It must be man- 
aged by a set of men specially trained for and almost 
exclusively devoted to that task. Without the develop- 
ment of such a department of clinical science the efficiency 
of the practice of internal medicine will lag behind, no 
matter how progressive the allied sciences of medicine 
are and how great their efforts to be useful to medicine 
may be. 

THE CONDITIONS AS THEY ACTUALLY EXIST 

“In conjunction with the foregoing considerations let 
me glance at the conditions of clinical medicine as they 
actually exist here and abroad. I may state that neither 
abroad nor here do we find a separate class of investi- 
gators confining their activity solely to the domain of 
the science of clinical medicine. Everywhere science and 
practice of clinical medicine go hand in hand. We may, 
however, admit at the outset that there is an enormous 
difference in the status of medical research between 
abroad and here. Let us take the development and the 
present status of clinical medicine of the German-speaking 
countries as an illustration of the conditions abroad. Wc 
shall notice tliat there the mother-stem of medicine man- 
aged to retain a scientific aspect despite all processes of 
differentiation.” 

* * * • 

“Teaching medicine and furthering its science is a 
very serious business which ought to be carried on by 
men who are ready to devote all or most of their time 
to it. 

“Here are problems for you to solve. The progress 
of clinical medicine in this country has to be accelerated 
again. Wc might reach the Ics’cl which wc have seen 
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to exist abroad. But we ought to strive to get still 
higher; in this field lack of modesty is a stimulating 
virtue. Look at the allied sciences of medicine, the level 
which they have reached in a comparatively short time 
without any tradition and only through the activity of a 
small group of high-minded men. The progress of medi- 
cine in this country was always carried on by the few 
and not by the masses. Clinical medicine must reclaim 
some of the brainy young men who were enticed by the 
sciences of medicine. You represent a new generation. 
You have had an education and a training in modern 
medicine and the allied sciences. You have a training 
in investigation, the constitution requires it of you. The 
constitution which you have adopted shows your spirit. 
Among its objects is ‘the cultivation of clinical research 
by the methods of the natural sciences and the diffusion 
of a scientific spirit among its members.’ But you will 
accomplish more ; the constitution imposes on j'ou the 
obligation to be active in the diffusion of the principles 
of the Society particularly among the students who come 
under your charge. I would recall this obligation to the 
minds of the members who were called within this year 
to chairs of medicine at influential places. The consti- 
tution does not keep you down exclusively to science, but 
let me tell you: beware of practice. It is a bewitching 
graveyard in which many a brain has been buried alive 
with no other compensation than a gilded tombstone.” 

The growth of the Society was rapid. In 1914 
there were more than 70 members. Of these, 41 
were at the meeting and 25 papers were read. 

Steps had to be taken at that meeting to limit 
future programs to permit completion of the pro- 
gram in a single day. 

Ever since there have been discussions as to 
the relative merit of a one-day meeting with a 
single program, a one-day meeting with simultane- 
ous sessions in different fields of interest, and a two- 
day meeting. The second alternative has been used 
in a few meetings; but the first has been the usu- 
ally favored procedure. 

In 1924, to provide for the ever increasing group 
of young workers in the field of clinical investiga- 
tion, the constitution was amended to limit active 
members to 200 and to transfer to emeritus status 
all whose membership had extended through 20 
years, and to permit voluntary transfer to emeritus 
status after ten years of active membership. 

This interesting step, so far as I know unique 
among our national scientific societies, has insured 
the persistence of an atmosphere of youthful vigor 
in this organization. This step was rendered 
easier by the custom, dating uninterruptedly from 
the first meeting, of holding the meetings of this 
society on the day preceding the meeting of the 


Association of American Physicians and at the 
same place. 

The Journal of Clinical Investigation 

The Constitution of the Society provided for 
publication of abstracts of its papers. 

Early there arose a desire to support an organ 
of publication which might set a high standard in 
the field of clinical investigation and encourage its 
growth. 

Realization of this hope became possible when 
in 1923 the Rockefeller Institute offered to sub- 
sidize through its early years a journal to be 
owned and operated by the Society. Dr. G. Canby 
Robinson was selected as Editor. Six members 
of the Society were elected as the first Editorial 
Board. The formulation of general policies and 
the election of Editor and Editorial Board was 
made the responsibility of an Editorial Committee 
of 1 5 members each to serve three years ; five of 
its members retiring each year, with the vacan- 
cies filled by elections by the Society at its annual 
meeting. 

The first issue of The Journal of Clinical In- 
vestigation appeared in October, 1924, and sub- 
sequent numbers appeared at bimonthly intervals. 
Early volumes vary in the period of a year covered, 
for those volumes were closed whenever a pre- 
scribed quota of pages had been issued. Later the 
Jo^irnal’s volume became identical with the issues 
of a calendar year. 

When the subsidy from the Rockefeller Institute 
ceased, financial aid was given for several years 
by the Rockefeller Foundation. For the next few 
years many of the departments of medicine of our 
universities accepted associate memberships in the 
Society as a form of subsidy for the Journal. 

With Volume XI in 1932 the Chemical Founda- 
tion became interested in the project through the 
efforts of Dr. G. Canby Robinson. It began meet- 
ing all deficits in the costs of the Journal and 
continued this until recently the growth of the sub- 
scription list has placed the Journal on a self-sup- 
porting basis. During the recent war the Com- 
monwealth Fund has aided the Journal by a grant 
to facilitate publication of studies arising out of 
the problems of the war. 

The editorial staff for the first few years of the 
Journal is not recorded in the bound files of the 
J ournal, for this information appeared only on the 
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cover pages of those issues and these pages are 
discarded on binding. The following tabulation 
has, therefore, some reason for record. 


EDITORS 


G. C. Robinson 

Editor 

1924-1927 

J. H. Austin 

Editor 

1927-1935 

R. West 

Associate 



Editor 

1932-1935 


Editor 

1935-1940 

J. L. Gamble 

Editor 

1940-1947 

A. M. Butler 

Associate 



Editor 

1940-1947 

C. S. Keefer 

Associate 



Editor 

1943-1947 

E. M. Landis 

Associate 



Editor 

1943-1947 


EDITORIAL BOARD (six to ten members) 

J. H. Austin 1924-1927 

A. E. Cohn 1924-1936 

R. Cole 1924-1930 

W. T. Longcope 1924-1936 


F. W. Peabody 1924-1927 

G. C. Robinson 1924-1935 

R. T. Woodyatt 1924-1928 

J. H. Means 1928-1931 

L. H. Newburgh 1928-1930 

W. S. McCann ' 1930-1943 

C. P. Miller, Jr. 1930-1947 

J. P. Peters 1931-1947 

H. L. Blumgart 1933-1947 

J. L. Gamble 1933-1940 

T. M. Rivers , 1933-1947 

F. N. Wilson 1933-1940 

F. G. Blake 1936-1947 

R. F. Loeb 1936-1947 

R. West 1940-1943 

After the inauguration of the Journal the Pro- 

ceedings of the meetings regularly appeared in ab- 
stract in that journal, beginning with the Seven- 
teenth Annual Meeting in May, 1925. 

The earlier Proceedings appeared in abstract as 
shown below and reprints were usually distributed 
to members. 


Meeting 

No. 

1 . 

2 . 

3 . 

4. 

5. 

6 . 

7. 


PROCEEDINGS (iN ABSTRACT) OF THE 
AMERICAN SOCIETY FOR THE ADVANCEMENT OF CLINICAL INVESTIGATION 

Date Place held Reprinted from 

May 10, 1909 Washington, D. C. Boston M, & S. J., 162, 462-467 (April 7, 1910) 

(Note: President S. J. Meltzer’s address is reprinted in full in J, A. M. A., S3, 508-512, Aug. 14, 1909) 
May 2, 1910 Washington, D. C. Boston M. & S. J., 162, 867-871 and 900-905 (1910) 

Mays, 1911 Atlantic City, N. J. J. A. M. A., 57, 148-151 (1911) 

May 13, 1912 Atlantic Citj’, N. J. J. A, M. A., 59, 137-139, 218-220 (1912) 

May 5, 1913 Washington, D. C. Probably privately printed (no reprints located) 

May 11, 1914 Atlantic City, N, J. Privately printed, no place given 

May 10, 1915 Washington, D. C. Privately printed, no place given 


THE AMERICAN SOCIETY FOR CLINICAL INVESTIGATION 


8. May 8, 1916 Washington, D. C. Privately printed, no place given; 1916 constitution included 

9. May 1, 1917 Atlantic Citj', N. J. Probably privately printed (no reprints located) 

fO. May 6, 1918 Atlantic City, N. J. Probably privately printed (no reprints located) 

D. June 14, 1919 Atlantic City, N. J. J. A. M. A., 73. 637-639, 714-715, 785-787, 860-861 (1919) 

12. May 3, 1920 Atlantic City, N. J. J. A. M. A., 74, 1597-1600. 1667-1669. 1737-1738. 1793-1794 (1920) 

13. May 9, 1921 Atlantic City, N. J. Privately printed by Press of .A. M. .A., Chicago 

(Note: In this report, tribute is paid to Dr. Meltzer’s memoiy by Dr. Longcope, who briefly describes how 


the Society came to be organized) 

May 1, 1922 Washington, D. C. J. A. M. A., 78, 1660-1662, 1751-1754, 1838-1840, 1919-1922 (1922) 

15- April 30, 1923 Atlanu'c City, N. J. J. A. M. A., 80, 1641-1644, 1727-1728 (1923) 

16- May 5, 1924 Atlantic City, N. J. J. A. M. .A., 82, 1988-1990. 2077-2078 (1924) 

1 1 ! seq.: J, Clin. Invest. 
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The, most complete library collection of these 
early Proceedings is, according to the latest Union 
Serials List, the New York Academy of Medicine 
Library, which at present has the reprints for the 
following meetings: !, 2, 3, 4, 6, 7, 8, 11, 12, 13, 
14, IS, 16. In the same library are Lists of 
Members 1909, 1910, 1916 and Triennial Cata- 
logues 1923, 1926, 1932. 

So in brief is the story of the founding of our 
Society, of its goals and accepted functions, of its 
constitution gradually modified to meet the needs 


of the organization, and of the institution and 
growth of The Journal of Clinical Investigation 
which the enthusiasm of this young Society and 
the generosity of sympathetic foundations have 
made a realized possibility. 

No one can compare the first presidential ad- 
dress with the record of the Society’s achievements 
and not recognize the outstanding success with 
which our Society has served the purposes for 
which it was founded. 


LETTER FROM THE EDITORS 

CLINICAL INVESTIGATION 

The Editors are frequently confronted with the question as to what is and what is not clinical investigation. It is 
true that the physician who continues to develop his clinical acuity and maturity of judgment by constant observation 
of the patient is employing the most ancient and still a most valuable technique of clinical investigation. A natural 
outgrowth of the descriptive stage of medical knowledge occurred when clinical investigation became related to morphol- 
ogy, with anatomy and pathology providing the foreground and background between which the patient, as an example of ^ 
altered structure and function, found a somewhat uncomfortable place. With rapid advances in chemistry and physics 
the role of disordered function was explored by those whose main contribution was providing physical juxtaposition of 
patient and experimental lab'bfatory. The paraphernalia of the laboratory with rapid multiplication of apparatus and 
test led to the notion that the more numerous the exact facts the better was the understanding of disease. This is true. 

It was forgotten, however, that abstract disease, without focus in a sick person, has no meaning. 

, For a time clinical investigation was carried along in the expanding domain of the laboratory and to a degree was 
synonymous with chemical investigation. A new test was devised and there appeared in medical journals an outpouring 
of reports on its application to a great miscellany of conditions. Blood levels and contents, clearance tests, tolerance 
tests, ph, and milliequivalent became the sine qua non. While this extension of the physical examination into the labora- 
tory yielded a rich harvest, a tendency arose for the laboratory datum to displace other aspects of the patient from the 
student’s attention. There were indications that study of the part might obscure the whole. The use of instruments 
sometimes became an object in itself and there arose the cult of the sphygmomanometer, the electrocardiogram, the 
electroencephalogram, the metabolism machine, and others, each eminently useful as a stepping stone to fuller knowledge 
of a sick person but reaching an early state of diminished returns as minutiae were explored. 

This is not to decry the advances in knowledge as such, but the fact that the clinical investigator was so often led 
away from the patient because of his preoccupation with a test or an implement. This state of affairs comprises special- 
ization and has brought benefits no one would willingly discard. The danger is that in concentrating on one aspect of 
disease so intensively the student risks a gain in knowledge at the sacrifice of wisdom. And the wisdom which clinical 
investigation should supply is to look at the sick person not as the inevitable but uninteresting vehicle of a fascinating 
lesion or syndrome but whole — related to external as well as internal environment. New trends in this direction are 
found on many sides and the recent emphasis on emotional, social and economic factors in human sickness is a healthy 
sign of a return to the patient as a person. 

Psychosomatic medicine, a cumbersome though useful term, epitomizes this tendency. Clinical investigation must 
now include this broader approach in order to obtain and correlate facts from the environment as they relate to a patient 
and his disease. It should be remembered, however, that investigation into such problems not only is most difficult but 
requires maturity and a sound working knowledge of the phenomena of health and illness. Unless.the method of com- 
parison and control which has been developed in the traditional form of clinical investigation is applied in this newer area 
the fragmentation inherent in a new specialty may disintegrate rather than integrate our approach to disease. 

Essentially, clinical investigation is the study of the sick person, his past e.xperiences and adaptations, and their rela- 
tion to his present plight as it is manifest by deviations in structure, function and behavior, and the internal and external 
processes upon which they depend. Orientation exclusively to either the internal or the external events of disease, or to 
only portions of these two major fields for clinical investigation must lead inevitably to the dissipation of our efforts to 
gain that true understanding upon which must be based present treatment and future prevention of the disorders which 
vex both the patient and his physician. 


The Editors 



SO:^IE OBSERVATIONS ON THE DEVELOPMENT OF HYPOKALIEMIA DURING 
THERAPY OF DIABETIC ACIDOSIS IN JUVENILE 
AND YOUNG ADULT SUBJECTS 

By L. GREENMAN, F. M. MATEER, R. C. GOW, J. H. PETERS, axd T. S. DANOWSKI 

(FroHi the Department of Research Medicine, the Children’s and Presbyterian Hospitals, and 
' the Renaiehausen Foundation, University of Pittsburgh School of Medicine, Pittsburgh) 

(Received for publication October 18, 1948) 


It is known that hypopotassemia may appear 
during therapy of diabetic acidosis or coma, at 
times associated with muscular paralysis (1-9), 
This is not, however, an invariable occurrence, 
nor have the origins of such decreases in the serum 
and interstitial fluid potassium concentrations been 
clearly defined. It seems probable that one or 
more mechanisms are responsible. These include 
the possibilities that hypokaliemia ^ develops as a 
result of a continued loss of potassium in urine, 
that it is a manifestation of dilution of body fluids 
by potassium-free solutions administered during 
therapy, and, finally, that it results fro m mov e- 
ments of potassium into body cells. The studies 
herein reported evaluate the role of each of these 
factors in a limited number of patients, chiefly 
pre-adult, in whom intensive study using the bal- 
ance method was possible. 

JIATERIALS AND METHODS 

Nine patients have been studied during a total of 11 
admissions for the treatment of diabetic acidosis. Two of 
the subjects were young adults; the remainder were chil- 
dren seven to 16 years of age. Over-breathing was defi- 
nitely present in each case; the serum carbon dioxide 
content ranged from 2.6 to 10.4 m.eq. per liter on J^mis- 
sion. All patients were conscious, though difficult to 
arouse. Definite vascular collapse was present in only 
one patient, R. J., requiring three transfusions. Anuria 
did not develop in any of the subjects. Insulin was ad- 
ministered subcutaneously to all patients, although J. K. 

T. W. also received large intravenous injections in- 
itially. Data on the retention of potassium salts admin- 
istered in large amounts during convalescence to eight of 
the cases have been presented in a previous communica- 
tion (9). The studies herein reported are based on ob- 
fca-ations from the time of admission and continued until 
convalesc ence was well established. During these inter- 

' This term has been taken to refer solely to diminished 
eonccntralious of potassium in blood serum or plasma and 
I ic contiguous interstitial fluid, and does not necessarily 
indicate any decrease in the total amount of potassium in 
these fluids. 


vals the patients received insulin, glucose, saline, and only 
little, if any, potassium. 

The experimental procedure employed and the methods 
of calculation have been previously described in detail 
(9-12) . Briefly they may be summarized as follows : 
the chloride space, corrected for the external balance of 
this ion and for changes in the chloride concentration in 
serum, has been used as an index of alterations ‘ in .the 
volume of extracellular fluid. The intake and the urinary 
excretion of sodium, potassium, chloride, glucose, and 
nitrogen were measured during intervals marked at the 
start and finish by determinations of the values of these 
various components in -serum. The retention or loss of 
these cations and of nitrogen has been apportioned be- 
tween the extracellular fluid and the cells. In the case 
of nitrogen, suitable corrections for changes in the con- 
centration of the whole blood nonprotein nitrogen were 
made. The values for the cell balances of potassium 
represent, therefore, changes in excess of those which 
might be expected with the anabolism or catabolism of 
cell protein, employing the usual ratio of 1 gram nitrogen : 
2.38 m.eq. of potassium. 

It must be emphasized that the experimental procedure 
and the methods of calculation employed yield only the 
over-all balance of any particular component studied. 
Thus it should be clear that if the over-all loss of potas- 
sium from cells during any individual period should prove 
to be 40 m.eq., the possibility cannot be excluded, for 
example, that muscle cells actually lost 70 m.eq. but that 
this was reduced to 40 m.eq. by a movement of 30 m.eq. 
into the liver with glycogen. 

RESULTS 

From Table I it is evident that during treat- 
ment the serum potassium declined progressively 
to abnonnally low levels in seven of the 1 1 cases. 
In two instances in which this did not occur, pa- 
tients L. B. and M. S., hypopotassemia was al- 
readj' present on admission. In the former the 
potassium level remained low.'while in the latter 
a rise was observed. In the two other patients. 
J. K. (a) and W, S., potassium decreased during 
treatment, but remained within normal limits.^ 

-All pntients, save R. J.. had received in.^ulin, prota- 
mine or regular, within the 24 hours preceding ndmis'^ion. 
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TABLE I 

Blood and scrum analyses prior to and during therapy of diabetic acidosis or coma 


Patient 

Time 

from 

start 

Body 

Blood 



Serum 



(Age-Sex) 

Wgt. 

NPN 

Sugar 

HCOj 

C! 

Na 

K 

H-O 


hours 

hem. 

mgm. % 

mgm. % 

wi.r?. per 
\ liter 

m.eq. per 
liter 

m.eq. per 
liter 

ui.eq. per 
liter 

gms. per 
titer 

L.B. 

0 

30.5 

— 

232 

6.1 

97.5 

120.3 

3.0 

4: 

(12M) 

5.5 

30.9 

27 

176 

13.0 

105.8 

128.5 

— 

929 

18.3 

31.3 

25 

70 

17.2 

98.9 

138.9 

3.0 

932 


19.5 

— 

— 

— 

1 

102.4 

141.4 

3.0 

930 

D. C. (a) 

0 

52.7 

65 

582 

4.8 

89.9 

122.7 

6.5 

899 

(16F') 

5.0 

— 

57 

327 

5.2 

98.3 

128.9 

5.1 

911 

10.0 

— 

41 

154 

9.8 

111.5 

144.1 

3.5 

930 


22.8 

53.4 

! 28 

171 

15.1 

111.5 

1 55.9 

3.0 

941 

D. C. (b) 

0 

50.0 

67 

786 

6.8 

91.4 

12.5.3 

6.7 

907 

(16F) 

5.5 

i 

53 

456 

8.5 

111.2 

138.6 

4.8 

921 

19.2 

53.9 

28 

163 

15.4 

117.1 

145.6 

3.3 

936 

L. D. 

0 

38.7 

33 

1189 

4.1 

96.5 

124.2 

4.0 

924 

(15M) 

5.0 

— 

25 

240 

5.7 

110.4 

145.5 

2.6 

934 

8.0 

— 

22 

275 

9.9 

111.1 

147.3 

2.9 

941 


15.0 



23 

73 

12.0 

111.4 

135.7 

1.8 

940 


23.0 

38.3 

24 

51 

11.2 

109.3 

143.9 

1.8 

943 

R. J. 

0 

34.9 

103 

1395 

10.4 

101.9 

142.1 

3.7 

912 

(14M) 

4.0 

— 

100 

1165 

17.5 

115.0 

152.8 

3.2 

916 

6.8 

— 

105 

895 

18.1 

122.7 

156.6 

3.2 

919 


10.8 

— 

89 

736 

19.6 

134.6 

162.2 

2.9 

930 


16.8 

— 

79 

304 

19.5 

145.2 

165.1 

2.8 

936 


19.2 

— 

79 

230 

20.6 

137.3 

161.6 

2.0 

933 

J. K. (a) 

0 

50.0 

32 

600 

8.1 

94.1 

135.5 

5.4 

916 

(18F) 

20.0 

53.9 

21 

145 

19.0 

97.8 

140.5 , 

5.0 

934 

J. K. (b) 

0 

50.7 

29 

372 

2.6 

103.9 

116.3 

3.4 

910 

(18F) 

8.8 

52.6 

24 

266 

7.9 

120.3 

140.3 

2.9 

932 

20.3 

52.8 

21 

71 

13.9 

112.9 

129.9 

2.9 

944 

W. S. 

0 

36.2 

39 

470 

6.7 

96.3 

129.9 

5.5 

912 

(14M) 

4.5 

— 

35 

270 

7.8 

100.5 

139.9 

1 5.1 

931 

12.2 

— 

21 

70 

14.7 

114.9 , 

149,6 

' 4.1 

943 

M.S. 

0 

41.5f 

65 

667 

9.3 

77.6 

118.6 

3.4 

897 

(15F) 

3.8 

— 

— 

266 

13.5 

93.1 

128.0 

3.8 

927 

17.0 

— 

36 

104 

17.4 

107.7 

144.6 

3.9 

943 

T. W. 

0 

55.0f 

-t 

572 

5.5 

101.9 

142.3 

4.0 

* 

(26F) 

9.0 

— 

— 

364 

— 

112.6 

143.7 

3.8 

934 

21.0 

— 

— 

284 

8.9 

123.9 

154.3 

3.1 

940 


25.3 



40 

112 

11.8 

127.8 

157.6 

2.8 

951 

J. Ko. 

0 

21.3 

36 

429 

4.1 

96.8 

123.3 

5.2 

926 

(7M) 

6.5 

— 

24 

348 

10.6 

113.9 

123.3 

2.7 

947 

23.0 

— 

— 

198 

14.1 

107.6 

135.5 

2.2 

939 


71.0 

22.8 


298 

23,6 

1 92.7 

135.1 

2.1 

946 


* Average value of the olher cases used in calculating concentrations in e.vtracellular water, 
t NPN of 60 on admission assumed for calculation of cell N balances. 

t Represents weight obtained by calculation, using subsequent weight corrected for intake and losses of water and 


solids. 

Throughout these early hours of therapy each 
patient continued to excrete urine which contained 
measurable amounts of potassium (Table II). In 
no instance did the urinarv excretion of this ion 


I 

decline to zero. These findings are in keeping 
with those of Atchley et al., whose subjects also 
continued to excrete potassium during the period 
of treatment (13). The magnitude of this loss 
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in the study cited was less than in the pretreat- 
nient period, but in no instance was it entirely 
cancelled. 

Furthermore, comparison of the external and 
the extracellular balances of potassium, as tabu- 
lated in Table III, indicates clearly that, with but 
one significant exception, the cells were losing po- 
tassium as serum levels declined. Only one pa- 
tient, T. W., had received enough potassium in 
the intake to produce a positive balance of cell 
potassium. It is to be noted that these negative 
balances of cell potassium cannot be attributed 


solely to the breakdown of protein. This is ap- 
parent from the net balances of cell N corrected 
for changes in the NPN, as recorded in the final 
section of Table III. Using the 2.38 : 1 cell K : N 
ratio it may be seen that in no instance was the 
negative cell N balance of sufficient magnitude to 
account for the entire loss of cell potassium. 
Neither were the negative balances of cell potas- 
sium cancelled when cell N balances became posi- 
tive. It would appear therefore from the above 
data that, based on the methods of calculation de- 
scribed earlier, potassium continued to pour out 


TABLE II 


Intake and oulpul data 


Pt. 

Time 

from 

start 

Intake 

Urine output 

Insulin 

H2O 

Cl 

Na 

CHO 

Vo!. 

Cl 

Na 

K 

X 

Glucose 


hours 

units 

ni 

m.eq. 

m.eg. 


Ml. 

in.eq. 

in.eq. 

in.eq. 

gms. 

gfns. 

L. 13. 

0- 0.8 

HB 


76.9 

76.9 

0 

75 

0.5 

5.8 

5.7 

0.6 

0.4 


0.8- 5.5 

BB 


92.3 

92.3 

50 

194 

13.0 

10.7 

11.3 

2.1 

0.9 


S.S-18.3 

20 

1740 

76.9 

76.9 

140 

1010 

102.9 

76.1 

20.6 

4.2 

5.9 


18.3-19.5 

o 

0 

0 

0 

0 

70 

12.1 

3.9 

1.4 

0.3 

0 

D. C. (a) 

0 

__ 

__ 







940 

28.2 

33.8 

32.3 

2.3 

31.1 


0- 5.0 

170 

3011 

544.5 

544.5 

22 

910 

30.3 

29.5 

24.4 

2.0 

22.0 


5.0-10.0 

20 

1000 

153.8 

153.8 

25 

680 

54.7 

45.2 

19.8 

2.2 

12.8 


10.0-22.8 

55 

2865 

321.3 

321.3 

80 

2040 

270.0 

200.5 

61.3 

9.9 

34.8 

D. C. (b) 

0 











190 

1.2 

4.4 

5.3 

0.5 

7.2 


0- 5.5 

120 

2850 

400.0 


13 

1190 

47.7 

44.9 

39.0 

4.2 

31.2 


5.5-19.2 

no 

4075 

572.6 

572.6 

263 

3060 

25.6 

119.1 

85.3 

1.2 

98.2 

m 

0- 5.0 





0 

2280 

205.8 

219.8 

41.0 

3.9 

51.6 

■Hi 

5.0-15.0 

70 

2460 

174.6 

174.6 

1,38 

1020t 

153.8 

120.2 

10.5 

0.9 

8.2 


15.0-23.0 


810 

92.3 

92.3 

5 

1030 

206.8 

1.33.4 

13.2 

2.2 

7.5 

R.J.* 


BRSB 

1750 

255.8 

264.8 

0 

390 

2.7 

2.6 

4.3 

1.4 

19.5 


4.0- 6.8 

HniH 

850 

117.3 

126.3 

0 

80 

0.6 

0.3 

1.1 

0.6 

3.2 


6.8-19.2 

Hmh 

4150 


633.5 

116 

1305 

136.1 

10.3.0 

22.5 

8.0 

15.9 

J.K.(a) 

0-20.0 

240 

5240 

769.2 

769.2 

132 

3490 

256.6 

264.9 

74.0 

8.6 

155.1 

J.K.(b) 


195 

4050 

593.0 


135 

2580 

145.5 

162.1 

66.0 

5.0 

55.2 


8.8-20.3 



0 

0 

84 

800 


46.0 

10.9 

2.9 

0.3 

W. S. 

0 

— 







■a 

60 

7.2 

5.2 

2.2 

■ ■ - 




0-12.2 

154 


615.3 

615.3 


1100 

164.6 

115.9 

52.7 

6.1 

26.4 

M.S.* 

0-17.0 

170 

6255 

726.3 

725.7 

132 

1663 

78.5 

38.1 

54.9 

10.9 j 

24.3 

'r. \V.‘ 

0- 9.0 

330 

5000 

769.1 

769.1 

50 

295 

9.1 

5.3 

10.3 

1.1 i 

4.3 


9.0-21.0 

320 

6760 

799.9 

799.1 

200 

1160 

138.8 

72.9 

20.7 

5.1 i 

6.7 



21.0-25.3 

0 

1575 

153.8 

153.8 

50 

220 

30.1 

13.5 

6.2 

1.4 1 

J 

0.2 

J. I'sO.’ 

0- 6.5 

120 

2000 

303.4 

303.4 

25 

900 

113.8 

99.0 

22.9 

2.7 ; 

20.9 


6.5-2,3.0 

100 

4000 

581.1 

581.1 

125 

— 





1 




23.0-71.0 

65 

5285 

588.8 

587.5 

221 

47501 

726.6 

248.9 

36.1 

7.0 ; 

22.4 


and 0 of fy nod 2.S RHis. of X during each of the three periods. .M. S. took in 7.5 ni.e<i. of K 

meo of r"V ^ durinK the 17 hours; T. \V. w.as Riven 4S.7 in.eq. of K durinR the second period: J. Ko. twl: 11.5 
the n "* oranRe juice in addition to 100 cc. of Rincer ale and 50 cc. of Rrnpe juice durine 

' 1 ’ |, '? '*'0 ‘’O'"' interval. lilcctrolyte content of the last two items is not known. 

atient L. D. had emesis of 240 cc., and J. Ko. emesis of 260 cc. which were not analyzed. 
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extracellular space either failed to change sig- 
nificantly, or actually declined in volume. These 
fiiidtugs clearly suggest that in many, but not all, 
of our patients the extracellular fluid svas diluted 
by the administration of potassium-free solutions. 

DISCUSSION 

The data presented have established the fol- 
lowing facts; (1) patients undergoing therapy for 
diabetic acidosis continue to excrete measurable 
amounts of potassium in the urine, (2) during 
this interval, if no potassium is administered, the 
over-all balance of cell potassium remains con- 
sistently negative, even though potassium is at 
times deposited with protein and the carbohydrate 
balances become positive, and (3) fluid therapy 
with potassium-free solutions during this time 
frequently results in an expansion of the extra- 
cellular volume. 

In view of the above statements it is reasonable 
to suggest that in any particular patient recover- 
ing from diabetic acidosis, continued urinary loss 
of potassium, as long as potassium-containing 
urine is elaborated, will be a contributory factor 
in the development of hypopotassemia. Similarly, 
re-expansion of the body fluids, particularly of 
the extracellular volume, by means of solutions 
devoid of potassium will also tend to produce low 
serum and interstitial fluid concentrations of po- 
tassium. Finally, the deposition of potassium 
with glycogen or with protein %Yill remove potas- 
sium from the extracellular fluid, and thereb}' 
cause hypokaliemia (10, 15). Obviously, the im- 
portance of any one of these processes in the 
origin of hypokaliemia will vary with its magni- 
tude and direction. Analyses of our own group 
of cases, based on estimation of the total amount 
of potassium in the extracellular compartment at 
the start and at the end of an interval during 
which the potassium concentration had dropped, 
indicate that the dilution of body fluid with 
potassium-free fluid is at times sufficiently large 
to account for the entire decrease in serum potas- 
sium concentration. Less often the drop appears 
to be explicable by a combination of dilution of 
body fluids and continued urinary losses of potas- 
sium, Only rarely can the low levels be ex- 
plained solelv bv urinarv losses of the cation 
(Table III). 


In no instance, irrespective of the roles played 
by dilution or by renal excretion in the production 
of hypokaliemia, is the movement of potassium 
into cells precluded. This is true even though 
the net balances of cell potassium are negative. 
As already indicated, nitrogen was deposited with 
potassium in the cells in a number of the periods. 
Similarly, glj^cogen must have been deposited 
with potassium in the liver during the recovery 
phase (15). This is apparent from the in vivo 
studies of others and is supported by the positive 
carbohydrate balances in our own series (16). It 
is clear that though these processes undoubtedly 
occurred, they were usually not, in our series of 
cases, of sufficient magnitude to cancel entirely 
the tendency for cells to lose potassium during 
the early treatment and recovery phases of dia- 
betic acidosis. The explanation for this negative 
net balance of cell potassium is not available. It 
may well be merely a continuation, at a reduced 
pace, of mechanisms which result in cell potas- 
sium loss during acidosis. 

SUMMARY AND CONCLUSION 

A small series of juvenile and young adult 
diabetics undergoing therapy for acidosis has been 
studied by means of the balance method. It ap- 
pears that during this early phase of therapy dilu- 
tion of body fluids by potassium-free solutions, 
continued urinary loss of potassium, and migra- 
tion of potassium out of the extracellular phase 
into cells with the deposition of protein or of 
gljxogen, even though the over-all balances of 
cell potassium remain negative, may each con- 
tribute to the hypokaliemia which develops. 
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Stellate ganglion Ijlock has been used in the 
treatment of cerebral derangements thought to be 
associated with angiospasm, for the purpose of 
relieving spasm and presumably increasing the 
cerebral blood flow (1^). In view of this clini- 
cal development the question of the role of the 
sympathetic nenmus system in the control of the 
cerebral circulation becomes more than an aca- 
demic one. The only experimental work in man 
has been that of Risteen and Volpitto (3) who 
observed through burr holes an increase in the 
diameter of the pial vessels following stellate 
block. A number of clinical observations, ascrib- 
ing dramatic results of stellate block to the re- 
lease of cerebral angiospasm, have appeared since 
Leriche and Fontaine (1) first reported their 
experience with two cases of cerebral embolism. 
With the development of the nitrous oxide method 
for measuring cerebral blood flow (5-7) a quan- 
titative technique has been made availaljle for 
clinical study of this problem. Quantitative data 
can be obtained concerning the fundamental phys- 
iology of the cerebral circulation following block 
of that part of the sympathetic innervation of the 
cerebral vessels passing through the stellate and 
middle cendcal ganglia. This information may 
permit evaluation of stellate block as a means of 
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."iylvania from the Committee on Researcli in Dementia 
Precox, founded by the Supreme Council 33° Scottish 
Rite, Northern Masonic Jurisdiction, U. S. A., and from 
tl'c Life Insurance Medical Research Fund. 
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1946 - 1947 . 

■' Present address : Department of .Xnesthesia, Albanv 
Hospital, .Mbany 1, N. V. 

* I'Hhnv of the National Institute of Health, 1948-1949. 


therapy in cerebro -vascular derangements. The 
following studies were undertaken in an effort to 
explore these problems. 

METHODS 

Thirteen patients were studied ; their diagnoses arc 
given in Table I. In all patients except .-k.S. and J. C. 
there was a therapeutic or diagnostic indication for per- 
forming stellate block. With the e-xception of R. H., all 
patients were ambulatory and in full possession of their 
faculties. R. H. had been injured three weeks prior to 
the study and was aphasic and disoriented at the time 
of study. The patients with Parkinsonism were studied 
as outpatients. All the hypertensive patients came from 
the medical wards. 

Mean arterial blood pressure (MABP) was measured 
from the femoral artery by a damped mercury manometer 
attached directly to a needle in the artery. Blood o.xygcn 
and carbon dio.xide analyses were carried out bw the 
manometric technique of Van Slyke and Neill (8). 
Blood pH measurements were made anaerobically at 
37° C. using a glass electrode. Carbon dioxide tensions 
(pCO;) were calculated according to the nomograms in 
Peters and Van Slyke (8). Cerebral blood flow fCBF) 
was determined by the nitrous oxide method using 21 
oxygen, 64% nitrogen and 15% nitrous o.xidc as the 
inspired gas mixture (6, 7). From this value and the 
mean arterial blood pressure the cerebral vascular re- 
sistance was calculated (6). 

The patients received no medication prior to the study. 
Following a control cerebral blood flow measurement 
bilateral block of the stellate ganglia was performed using 
the technique described bj- Pereira (9). Either 1% pro- 
caine or 1% intracainc without adrenalin was used. 2u cc. 
of solution being injected on cither side. The criteria for 
an cflTective block were: scleral and conjunctival injection, 
ptosis, narrowing of the palpebral fissure, miosis and 
anhydrosis of the forehead. The block was usually evi- 
dent within five minutes, rcacheti its hcigh.t within 15 
minutes and lasted from 45 to 60 minutes. When hlf,ck 
of the second side was judged to Ik: complete, a f'-cond 
cerebral blood flow measurement was perform-d. 



416 


HARMEL, IIAFKENSCHIEL, AUSTIN, CRUMPTON, AND KETY 


TABLE I 

Effect of bilateral stellate ganglion block on blood constituents 





Blood CO2 content 

Blood CO2 tension 

Blood O2 content 

Blood pll 

Patient 

Age 

Diagnosis 

Arterial 

Int. jugular 

Arterial 

Int. jugular 

Arterial 

Int. jugular 

Arterial 

Int. jugular 




C* 

Et 

C 

E 

C 

E 

C 

E 

C 

E 

C 

E 

C 

E 

C 

E 





VoL 

Vol. 


mm. 


mm. 

mm. 

Vol. 

Vol. 


Vol. 








% 

% 

% 


Hr 

Hr 

Hr 

Hr 

% 

% 

% 

% 





J.C. 

74 

Normotensive 

47.4 

47.5 

52.0 

52.9 

35 

34 

37 

38 

16.4 

15.9 

10.4 

10.3 

7.45 

7.45 

7.44 

7.42 


with 

Cirrhosis 

/ 

















A. S. 

42 

Normotensive 

49.7 

45.8 

54.2 

54.0 

42 

34 

47 


15.7 

15.9 

illKIl 

8.0 

7.39 

7.47 

7.34 

7.42 



with Syphilis 

















B. C. 

25 

Normotensive 

51.3 

50.5 

56.2 

55.6 





17.8 

17.6 

12.4 

11.8 







with 

Headache 

















B. P. 

44 

Hypertensive 

45.1 

46.5 

53.2 

53.5 

38 

38 

45 

46 

19.3 

19.5 

11.0 

12.0 

7.42 

7.42 

7.37 

7.38 

E. L. 

43 

Hypertensive 

50.3 

48.9 

54.8 

55.3 

39 

36 

44 

42 

16.5 

16.5 

iniei 

9.9 

7.44 

7.46 


7.41 

M. 0. 

48 

Hypertensive 

51.0 

46.9 

58.1 

54.7 

37 

33 

42 

38 

18.0 

18.0 

10.6 

11.1 

7.48 

7.49 

7.44 

7.47 

N. S. 

47 

Hypertensive 

51.4 

49.8 

58.6 

57.0 

37 

39 

42 

41 

17.8 

18.2 

9.7 


■rjisfi] 

7.44 

7.44 

7.38 



with C.V.A. t 

















M.G. 

44 

Hypertensive 

57.1 

57.4 

61.0 

62.0 

36 

40 

45 

44 

12.4 

12.3 

7.4 

7.2 

7.51 

7.48 

7.44 

7.45 



Hemiplegia 

















F. P. 

33 

Hemiplegia 

Parkinson’s 

49.3 

49.8 

56.0 

56.8 





16.7 

16.7 

8.7 

8.2 





D. T. 

28 

50.3 

47.9 

55.4 

54.7 

39 

40 

45 

46 

16.9 

17.2 


11.2 

7.43 


7.38 

7.36 



Disease 

















A. P. 

40 

Parkinson's 

48.4 

49.4 

54.4 

54.9 

34 

36 

49 

49 

15.7 

15.7 

9.4 

10.1 

Kn] 

7.38 

7.34 

7.34 



Disease 

















L. C. 

35 

Parkinson's 

44.6 

40.0 

49.7 

48.4 

41 

32 

43 

41 

17.5 

18.0 

11.2 

9.7 

7.40 

7.44 

7.36 

7.38 



Disease 

















R. H. 

23 

Head Injury 

51.5 

51.8 

55.8 

56.0 





20.2 

20.3 







Mean 

44 


49.5 

48.6 

55.3 

54.8 

38 

36 

44 

43 


17.1 

10.1 


7.44 

7.45 


7.40 


* C = Control. t E = Post bilateral stellate block. t C.V.A. = Cerebral vascular accident. 


TABLE II 

Effect of bilateral stellate ganglion block on cerebral circulation and metabolism 


Patient 

(CBF) Cerebral 
blood flow 

(CMRO2) Cerebral 
metabolic rate 

(CVR) Cerebral vascular 
resistance 

(MABP) Mean 
arterial B.P. 

A-VO:! 

RQ§ 

C* 

Et 

C 

E 

c 

E 

C 

E 

c 

E 

C 

E 






m?7i. Hr 

mm. Hg 








cc.IIOOr.I 

cc.lIOOg.l 

cc.IIOOr.I 

cc.IIOOr.I 

cc.lIOOg.l 

cc.lJOOg.l 



Vol. 

Vol. 




min. 

mill. 

711 in. 

min. 

777 in. 

milt. 



% 

% 



J. C. 

44 

46 

2.6 

2.6 

2.1 

2.2 

93 


6.0 

5.6 

0.77 

0.96 

\ S. 

42 

38 

2.4 




85 

77 

mmfm 

7.8 

0.79 

1.05 

B. C. 

69 

66 

3.7 

3.8 

1.5 

1.6 




5.8 

0.91 

0.88 

B. P. 

43 

52 

3.6 

3.9 

3.1 

3.1 

134 

159 

8.3 


0.98 

0.93 

E. L. 

45 

36 

2.7 

2.4 

4.1 

5.3 

182 

189 

6.1 


0.74 

0.97 

M. 0. 

59 

42 

4.4 

2.8 

3.2 

3.9 

186 

163 

7.4 

Eel 

0.96 

1.13 

N. S. 

46 

42 

3.7 

3.3 


3.4 


142 

8.1 

7.8 

0.88 

0.92 

M.G. 

59 

54 

3.0 

2.8 


3.2 

170 

173 

5.0 

5.1 

0.80 

0.90 

F. P. 

33 

32 

2.6 

2.7 

2.8 

2.8 

91 



8.5 

0.84 

0.71 

D. '1'. 

47 

54 

3.1 

3.2 

2.2 


105 


6.6 

6.0 

0.78 

0.97 

A. P. 

53 

65 

3.3 

3.3 

1.7 

1.5 

98 

115 

6.4 

5.6 

0.95 

0.97 

L. C. 

60 

52 

3.8 

4.3 

1.6 

1.8 

92 

97 

6.3 

8.3 

0.81 

1.01 

R. H. 

39 

42 

2.8 

2.2 

2.9 

2.8 

97 

96 

7.2 

5.2 

0.88 

0.81 

Mean 

49 

48 

3.2 

3.1 

2.5 

2.7 

121 

124 

6.7 

6.7 


0.94 

Normal 

5 

4 

3 

3 

1 

6 

86 

6. 

3 

0.99 


* C — Conirol. t E — Post bijaieral stellate block. { Oj = Cerebral arterio-venous oxvgen difference. 
J KO = Cerebral respiratory quotient. 



































































EFFECT OF STELLATE BLOCK 
RESULTS 

The data are presented in Tallies I and II. It 
will be seen that the patients comprise a clinically 
heterogeneous group. In the series as a whole 
neither the cerebral blood flow, nor the cerebral 
Avascular resistance was significant!}' changed fol- 
lowing the stellate ganglion block. However, 
when the hypertensive group is considered sep- 
arately, there is a significant increase in cerebral 
vascular resistance (3.3 to 3.8, p < 0.05) with 
no significant change in the other functions stud- 
ied. The predominance of hypertensive persons 
explains the high mean arterial blood jiressures 
recorded. The cerebral vascular resistance is con- 
siderably elevated for the hypertensive patients in ' 
this group as previously described (10). We feel 
that the cerebral vascular resistance most ex- 
plicitly conveys information concerning the tonic 
state of the cerebral vessels. It seems unlikely 
that changes in intracranial pressure or blood vis- 
cosity of a magnitude sufficient to affect cerebral 
vascular resistance occurred during these experi- 
ments (11). 

DISCUSSION 

Our observation that bilateral stellate ganglion 
block in our patients produced no measurable 
change in the cerebral circulation is in contrast 
with the presumption that this procedure leads to 
dilatation of the cerebral vessels and an increase 
in cerebral blood flow (1—4). It does not, how- 
ever, prove that the cerebral blood vessels of man 
are without sympathetic control, nor rule out the 
possibility that under abnormal conditions there 
may be vasospasm of sympathetic origin. To 
prove the former, one must be certain of haA'ing 
excluded all sympathetic nerA'e impulses to the 
brain. This cannot be assured even for those 
impulses Avhich pass through the stellate ganglia, 
for the local block may have been incomplete. 
Complete surgical extirpation of the stellate gan- 
glia Avould undoubtedly be the best approach in 
studying the physiology of the intrinsic nerA'ous 
control of the cerebral circulation (12). Local 
block, though admittedly less certain of interrupt- 
ing the sympathetic pathways, is the technique 
Used currently in clinical therapy. Furthermore 
It is l)y no means certain that all the sympathetic 
fibers to the brain pass through the stellate gan- 
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glia (13, 14). As for the possibility that the 
situation may be different under other clinical 
conditions, such as acute angiospasm, only further 
study can give an adequate ansAver. None of the 
subjects of these experiments showed any symp- 
toms suggesting acute cerebral angiospasm. 

An apparent increase in the cerebral vascular 
resistance of the hypertensive patients calls for 
comment. We feel that this Avas probably the 
result of a relatiA'ely greater floAv through the 
facial veins causing a greater extracerebral con- 
tamination in the presence of an unchanged cere- 
bral blood floAV. On the basis of this hypothesis 
one Avould expect an increased cerebral vascular 
resistance, a decreased cerebral blood floAV (50 to 
45) and a decreased cerebral oxygen uptake (3.5 
to 3.0). Although these latter changes are not 
statistically significant they are in a direction 
compatible Avith the thesis. That this should oc- 
cur in the hypertensive group and not in the other 
patients may be explained by the higher mean 
perfusing pressure during the block in these pa- 
tients. These findings indicate that the usually 
small error in the nitrous oxide method due to 
contamination (6) may be magnified Avhen blood 
floAv through the skin is significantly increased. 

We conclude that quantitative measurements of 
the cerebral blood floAV in man giA'es no indication 
that bilateral stellate block causes an increase in 
cerebral blood Aoav or diminution in the tone of 
cerebral A'essels. These results are compatible 
Avith the thesis that the sympathetic nervous sys- 
tem plays little role in the intrinsic control of the 
cerebral circulation under the conditions studied 
(including essential hypertension). An eA'alua- 
tion of the mechanism of improvement following 
stellate block as a therapeutic measure in man 
cannot be made until studies have been made in 
patients presumed to have acute cerebral angio- 
spasm. 

« 

SUMMARY 

1. In 13 patients quantitative studies of the 
cerebral blood flow and cerebral Avascular resist- 
ance AA-ere made using the nitrous oxide technique 
before and after bilateral block of the stellate 
ganglia. 

2. There Avere no significant changes in any of 
the functions studied before and after block. 
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In a previous communication (Barber ef al. 
[1]) it has been shown that there exists in human 
serum a cobalt-activatable enzyme which splits 1- 
leucylglycylglycine (LGG) . The rate of hydroly- 
sis in normal adult individuals is between 5.5 and 
8.5^ per hour (in the previous communication 
the rate of hydrolysis of LGG by serum of normal 
adult controls was stated to be 6.1 to 7.8% per 
hour. This value had to be revised on the basis 
of more subjects investigated since then). 

This investigation was originally planned for 
the clinical study of tissue reactions of the ageing 
organism. The present communication is not im- 
mediately related to this problem but seems to 
have considerable pathophysiological significance: 
following fractures there was found to be an ab- 
normal rise in the activity of the LGG-splitting 
enzyme in human serum. 

Ever since the studies by Cuthbertson (2) and 
Browne (3) and their co-workers, numerous 
clinical and experimental investigations have been 
made on the metabolic aspects of injury and re- 
pair. There have been many attempts to explain 
these observations on the basis of one hypothesis 
but so far no single mechanism has been discov- 
ered which could account for the irregularities of 
protein metabolism accompanying injury and re- 
pair. Therefore, every new observation is sig- 
nificant in spite of the fact that its functional 
meaning may not be clear on the basis of our 
present-day concepts. 

METHODS AND MATERIAL 

Blood was obtained by venous puncture from nine pa- 
Uents who had suffered fractures of varying degree. 

erum was prepared immediately by centrifugation and 
stored for not more than 24 hours in a refrigerator. The 
n-peptide I-leucylglycylglycine was used as substrate for 
1 1 C determinations which were carried out in triplicate in 
f '’‘^Ivmctric flasks. The reaction mi.vture, made up 
ot 02 cc, serum per cc., 0.001 U cobalt sulphate, 0.05 M 
> MRS kept near pH 7.8 with 0.01 I>f phosphate buffer 


and made up to volume with redistilled CO.-fice water. 
To each tube, 0.01 ml. toluene was added as preservative. 
Flasks containing serum ahd substrate controls were pre- 
pared, and a zero-time titration was carried out on 0.2 
ml. aliquots of the test solutions, according to the micro- 
technique of Grassmann and Heyde (4). The prepara- 
tions were then incubated in a water -bath at 39° for six 
hours, during which time three titration readings were 
taken. Corrections were made for the controls and the 
results plotted on a graph. The rate of hydrolysis was 
calculated from the slope of the zero-order plot of per 
cent hydrolysis versus tirne (Barber ct al. [1]). 

In one case (OT), in addition to the peptidase activity, 
the white blood count, differential, and sedimentation rate 
were investigated. 

RESULTS 

The results are demonstrated in Tables I and 
II and in Figure 1. We see that out of nine 
cases of fracture the value of hydrolysis was 
abnormally high in eight. 


TABLE I 

Serum peptidase activity following fracture 


Name 

Sex 

1 

Age] 

Nature of injury 

Time i 
after 1 
injury 

Hydrolysis 
of LGG 
% per hr 

BE 

M 

40 

Crushing injury to left hand 
Loss of tip of index finger 

1 day 1 
7 days 

IS 

10.4 

BR 

M 

58 

Compound fracture of left 
fibula 

4 days 

13 

DI 

M 

62 

Right leg fracture 

1 day 

12.G 

KL 

F 

48 

Fracture lower end of radius 

3 hours 

6.7 

LE 

F 

29 

Fractured pelvis 

1 day 

\ 

WE 

F ' 

35 ^ 

Lumbar fracture 

Fractured arm 

10 hours 
6 days 

1 14.6 

8.4 


The one exception was a case of fracture of 
the lower end of the radius. It is noteworthy 
that in this case the blood was obtained sooner 
after the injur}'- (three hours) than in any other. 
In another case (lumbar and arm fracture com- 
bined) the time interval between injury and blood 
examination was 10 hours; in this case the rate 
was 14.67o which belongs to the highest range 
419 
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CASE; TV « ACE 24 
SPIRAL FRACTURE 
OF TIBIA 


20 


PERCENT 
HYDROLYSIS 
OFL-LGO IS 
PER HOUR 



• HYDROLYSIS OF LOG 

* LEUCOCYTES 

o LYMPHOCYTES 


3 


K) 20 SO 40 50 60 70 80 90 100 IW 

TIME IN DAYS 


CASE: DU 9 W3E 29 
SHOULDER FRACTURE 
SEPTICEMIA 




Fig. 1. Graphic Presentation of the Three Cases Which Were Studied Longitudinally 
The solid black area in the lowest graph (Case OT) represents nitrogen balance in grams 
(for further explanation see text). 


of the present series. In the remaining seven 
cases the time interval for the first blood examina- 
tion ranged from 24 hours to eight days. 

In the three cases in which longitudinal studies 
were made during the period of convalescence we 
see a tendency to a gradual decline from a high 
towards a normal value. In one case (TY) this 
comes close to a linear relationship between ac- 
tivity of the enzyme and duration of the healing 
process. In the other cases the return to normal 
is more irregular but it is noteworthy that the 
convalescence in these instances was complicated. 
In case DU septicaemia occurred; in case OT 
there were multiple fractures with widespread 
lacerations. The latter case was not regarded 
as completely healed at the time of completion of 
this paper. It is known that every fracture causes 
an increase in the erythrocyte sedimentation rate. 
Hauck (5) states that a delay in the return to 
normal of this factor would reveal disturbances 


of consolidation of the injured bone. In Table II 
it may be observed that in case OT the sedimen- 
tation rate is still elevated when the serum pepti- 

TABLE II 


The relationship of erythrocyte sedimentation rate to 
serum peptidase activity in Case OT * 


Day 

after 

fracture 

Sed. rate 

Corn sed. 
rate 

Compact 

cells 

% Hydrolysis 
of LGG 
per hr. 

1 

inm.lhr. 

31 

mm.Ihr. 

11 

mm. 

33 

16.2 

4 

68 

24 

25 

14.5 

6 

69 

20 

25 

18.8 

32 

— 

— 

— 

20 

47 

42 

36 

44 

16 

66 

40 

34 

45 

15.5 

73 

40 

28 

40 

15 

80 

43 

28 

39 

10.2 

103 

35 

43 

28 

11.5 

110 

37 

32 

44 

9 


* This patient, male, aged 40, suffered compound frac- 
tures of the left femur, left metatarsal and fracture of left 
humerus, with numerous head and face lacerations. 
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dase activity has practically reached the normal 
value. 

DISCUSSION 

We see that in eight out of nine cases of frac- 
ture the activity of the LGG peptidase of the 
serum was significantly increased. The one ex- 
ception was a case of a relatively minor fracture 
in which the blood was taken sooner after the 
accident than in any of the remaining cases. On 
the other hand, the patient whose peptidase activ- 
ity was highest (20% on the 32nd day) had suf- 
fered the most widespread and severe injuries. 
This would, at first glance, suggest a correlation 
between severity of injury and degree of peptidase 
activity ; however, the number of cases is too lim- 
ited to allow such a conclusion. 

What is the possible mechanism of this phe- 
nomenon? Fruton (6) discussed the widespread 
distribution of peptidases capable of splitting LGG, 
in intestinal mucosa, in lymph and muscle, and in 
leucocytes and lymphocytes, suggesting that they 
may have a common origin in the leucocytes and 
lymphocytes invading the tissue. Holman, White 
and Fruton (7) observed an increase in the man- 
ganese-activatable LGG serum peptidase activity 
following the injection of adrenocorticotropic hor- 
mone into mice and rabbits, and considered this to 
be associated with the resultant turnover of lym- 
phoid tissue. If this is so, then our observed 
increases in peptidase activity during the healing 
of fractures might be directly correlated with the 
leucocytic reaction at the site of the fracture. 
Moritz (8) states that the reactive inflammation 
with exudation begins “soon after the injury has 
been sustained and reaches its maximum between 
ten days and two weeks.” From experiments 
carried out in our laboratory, the injection of 
adrenocorticotropic hormone into normal control 
subjects is not followed by any striking increase 
in the activity of the cobalt-activatable serum 
peptidase.^ Moreover, in cases of acute infections 
there was no parallel between the numbers of 
circulating lymphocytes and the activity of this 
enzyme. 

The changes in protein metabolism associated 
"ith injun,' and repair have been discovered com- 
paratively late (Cuthbertson [9]). Since then a 
ncalth of observations has been produced. From 

' Obserrations to be published. 


the careful review by Beattie (10) it is quite ob- 
vious that there is no one theory on which the 
various metabolic phenomena associated with in- 
jury and repair could be explained. In only one 
of our cases (Figure 1, Case OT) was it possible 
to observe the nitrogen balance - together with the 
peptidase activity; in this case the peptidase ac- 
tivity began to decline with the onset of a positive 
nitrogen balance. Ingle et al. (11) demonstrated 
that adrenalectomized rats did not show the char- 
acteristic negative phase of the N-balance follow- 
ing fracture. From this it would seem that the 
presence of an adrenal hormone is essential for 
this reaction. However, as noted above, in nor- 
mal human subjects we failed to obtain any strik- 
ing increase in serum peptidase activity following 
injection of adrenocorticotropic hormone. Thus 
we see that fractures are associated with a rise 
and return to normal of the peptidase activity of 
the serum during the course of healing. How- 
ever, on the basis of present-day knowledge we 
have no definite theoretical explanation of this 
phenomenon. Observations like these may well 
lead to a procedure which would be clinically use- 
ful in the evaluation of wound healing. 

SUMMARY 

Eight out of nine cases of fracture showed in 
their blood serum an increase in the activity of 
the cobalt-activatable enzyme which hydrolyses 
LGG. In three cases studied longitudinally the 
rate of hydrolysis returned to normal during the 
course of healing. In one of these cases nitrogen 
balance studies were done simultaneously. In this 
case the activity of the enzyme began to decline 
when a positive nitrogen balance was established. 
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The major body buffers, including bicarbonate, 
plasma and tissue proteins and intracellular or- 
ganic phosphate complexes, can yield sufficient 
base within a pH range compatible with life to 
neutralize at most 1 mol of strong acid (1). As 
an immediate compensation for the invasion of the 
body by acid, urine of increased hydrogen ion 
concentration is formed, but since the pH of the 
urine is limited to a minimum of 4.4 to 4.7 (2, 3), 
the quantity of strong acid which can be excreted 
in free form is negligible. Acid is at first elimi- 
nated fully neutralized by base derived from the 
above mentioned buffers (4-6). According to 
Gamble the resulting depletion of base stores 
serves to stimulate the production and excretion 
of ammonia. Over a period of several days am- 
monia is substituted in progressively increasing 
amounts for fixed base in the urine, until even- 
tually nearly all of the acid is eliminated in com- 
bination with ammonia (4—7). During recovery 
from acidosis the excretion of ammonia remains 
high, and base derived from ingested salt is re- 
tained in the body to rebuild buffer stores. Only 
after these stores are replenished does the excre- 
tion of ammonia decrease to normal levels. 

The loss of base from both intra- and extra- 
cellular compartments during the initial phase of 
acidosis is accompanied by a compensatory loss of 
%yater, leading to cellular and interstitial dehydra- 
tion and to reduction in circulating plasma volume 
(4, 6). Presumably this latter factor is responsi- 
ble for the reduction in urea clearance and for the 
nitrogen retention often observed in severe acido- 
sis (8). However, loss of fluid does not com- 
pletely compensate for loss of alkali, for the total 

.'Xided by grants from the United States Public 
Hc.iUh Ser\-icc and the John and Mary R. Markle 
Foundation. 


base concentration of the plasma usually decreases 
significantly (4, 6, 9-11). 

The acidosis of diabetic ketosis differs from 
that outlined above chiefly in the greater contri- 
bution of titratable acid excretion to total acid 
elimination (1, 12, 13). Because of the weakly 
acidic nature of beta-hydroxybutyric acid appre- 
ciable quantities of acid can be eliminated in free 
form in urine of maximal acidity. In severe dia- 
betic ketosis as much as 0.15 mol of titratable acid 
may be excreted per day. However, providing 
the development of ketosis is slow, some two to 
three times this quantity of acid is eliminated in 
combination with ammonia. In rapidly develop- 
ing ketosis, loss of base and dehydration may 
reach lethal proportions before the renal produc- 
tion of ammonia increases sufficiently to balance 
the acid load (14, 15). In chronic nephritis the 
renal capacity to excrete ammonia is reduced (16, 
17), and since acid is eliminated for the most 
part in combination with fixed base, the buffer 
reserves of alkali suffer progressive depletion (9, 
18, 19). 

The present study of the response of the normal 
kidney to an increased load of strong acid was 
undertaken (a) to relate the rates of excretion of 
the several ions to their respective plasma con- 
centrations, (&) to determine the nature and ex- 
tent of the changes in glomerular filtration, renal 
plasma flow, and ionic reabsorption which under- 
lie altered excretory functions in metabolic acido- 
sis, and (c) to study the time relations of the 
renal compensations to acidosis. A number of 
complete though separate studies of acid-base 
equilibria of plasma and of urinary electrolyte 
balance have been made in experimental acidosis 
and in the acidosis of chronic nephritis and dia- 
betes (9, 10, 12, 13, 16-18). However, in no 
study to date have electrolyte balances been rc- 
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lated to the changes in plasma composition and 
renal function which ultimately determine their 
character. The data presented below partially fill 
this void. 

METHODS 

Three types of experimental procedures were applied in 
this study. 

(o) Two healthy adult males were maintained for 
periods of IS and 16 days respectively, on a diet constant 
with respect to salt content and caloric value. Accurate 
24-hour urine samples, preserved with toluene, were col- 
lected during these* periods. Daily blood samples were 
drawn from a superficial vein after soaking the forearm 
in water at 47° C for 10 min. to render the composition 
of the venous blood essentially that of arterial blood. The 
plasma and urine samples of both subjects were analyzed 
for sodium, chloride, bicarbonate, pH, and phosphate. 
Hematocrit, urinary specific gravity and urinary content 
of titratable acid and ammonia were determined daily. 
The plasma and urine samples of the second subject were 
in addition analyzed for potassium, calcium, sulphate, and 
protein, while the urine was further tested for magnesium, 
organic acid, creatinine, creatine, and amino nitrogen. In 


the first experiment sodium was analyzed by the method 
of Butler and Tuthill (20). In the second experiment, 
sodium and potassium were determined by an internal 
standard flame photometer - with an accuracy within 
± 2 per cent, as checked against the method of Butler 
and Tuthill. Magnesium was precipitated as the am- 
monium phosphate and the latter ion determined colori- 
metrically (1). Plasma proteins and specific gravity 
were determined by the copper sulphate method of 
Phillips et al. (21). Organic acid in urine was deter- 
mined by electrometric titration of aliquots between 
limits of pH 8.0 and 2.7 following removal of phosphate 
with calcium hydroxide. Titrations were corrected for 
creatinine content of the urine (1). Other methods em- 
ployed have been described in previous communications 
(3, 22). The first five days of each experiment con- 
stituted the control period; the second five days, the pe- 
riod of acidosis; and the remaining five or six days, the 
recovery period. The first subject ingested IS gms. of 
ammonium chloride daily in divided doses for the initial 
two days of acidosis followed by 10 gms. daily for the 

- We are indebted to Dr. Robert L. Bowman of the 
Department of Medicine of New York University Col- 
lege of Medicine for the design of our flame photometer 
and for his helpful advice during its construction. 



Fig. 1. CiiAXGES ix the Ionic Composition of the Plasma of Subject 
P Which Resulted from the Ingestion of 60 Gms. of Amjionium 
Chloride Over a Five-Day Period 
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Fig. 2. Changes in the Rates of Excretion of Ions, Renal Plasma 
Flow, Glomerular Filtration Rate, and Body Weight Which Re- 
sulted FROM THE Ingestion of 60 Gms. of Ammonium Chloride Over 
A Five-Day Period 


remaining three days. The second subject ingested 15 
gms. daily throughout the period of acidosis. 

(&) Renal clearance experiments were performed at 
intervals during the control, acidosis, and recovery pe- 
riods. In the first subject, the rate of glomerular filtra- 
tion was approximated by mannitol clearances,® performed 
on the first and fourth days of the control period, the 
second and fifth days of acidosis and the fifth day of 
recovery. In the second subject, inulin was used as an 
exact measure of glomerular filtration rate. Determina- 
tions were made on the first and fourth days of each of 

® According to recent studies of Berger cl al. (23) the 
mannitol clearance is significantly lower than the inulin 
ccarance, hence is not an exact measure of glomerular 
1 tration rate. However, the mannitol clearance pre- 
sumably measures a constant fraction of the glomerular 
c carance in any one individual. Thus although absolute 
'■u lies for ionic reabsorption calculated from mannitol 
c carances may be too low, changes in ionic rcabsorption 
®rc correctly indicated. 


the three experimental periods. Effective renal plasma 
flow was determined by the p-amino-hippurate clearance 
in both subjects. 

(c) The acute response of the kidney to acidosis was 
assessed in one subject in a 12 period experiment, during 
which a total of 10 gms. of ammonium chloride was 
ingested. 

RESULTS 

Acid-base equilibria oj plasma and urinary ionic 
balances in acidosis 

Data on the plasma composition and urinary 
ionic balance of subject P are summarized in 
Figures 1 and 2. In Figure 1 are presented the 
plasma values for chloride, bicarbonate, pCO~. 
pH, sodium and phosphate. Each variable is re- 
ferred to a base line established by averaging the 
five control detemiinations. Thus the mean 
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plasma chloride during the control period was 
107 mEq per liter, varying within limits of 105 
and 109 mEq per liter. In consequence of inges- 
tion of ammonium chloride, the plasma chloride 
rose to a peak value of 122.8 mEq per liter on 
the fourth day of acidosis. In contrast the plasma 
bicarbonate fell from a mean normal value of 
24.4 mEq per liter to 10.3 mEq per liter on that 
day. 

Chloride and bicarbonate varied throughout in 
reciprocal fashion, the sum of the two remaining 
roughly constant for the first 11 days of the ex- 
periment. However, on the second recovery day, 
the sum of these two anions increased 6 mEq per 
liter, for bicarbonate rose more rapidly than chlo- 
ride fell during this period. The sum of chloride 
and bicarbonate averaged 7 mEq lower than 
sodium during the control period and at the end 
of the recovery period. However, during the pe- 
riod of acidosis, sodium fell 2 to 3 mEq below 
the sum of these two anions. This finding can 
be partially explained by the decrease in base bind- 
ing capacity of the plasma protein due to in- 
creased plasma acidity. However, this and other 
interesting results prompted a more complete 
ionic study of the plasma and urine in a second 
subject. 

Respiratory compensation is shown by the drop 
in pCOo of arterialized venous blood from a nor- 
mal value of 41.0 to 23.9 mm. Hg during acido- 
sis ; the latter value is indicative of a 70 per cent 
increase in alveolar ventilation over the normal. 
The subject was conscious of some increased ven- 
tilation at rest and obvious dyspnea on exertion. 
Presumably this increase in ventilation resulted 
from the increase in blood acidity from pH 7.40 
to 7.25 (24). 

The serum sodium concentration dropped sig- 
nificantly on the second day of acidosis and 
reached a low of 130.9 mEq per liter on the third 
day, a decrease of 8 mEq per liter. The plasma 
concentration of phosphate, in contrast, was main- 
tained relatively constant until the fifth day of 
acidosis. 

The concentrations of each of these plasma 
constituents with the exception of phosphate re- 
turned to normal or supra-normal levels within 
the five-day recovery period. Serum sodium and 
pH were restored first, bicarbonate and pCOo 
next, and chloride only on the fifth day. There 


is evident an over-compensation in the return of 
bicarbonate, pCO^, pH, and sodium to levels 
above those existing during the control periods. 

In Figure 2 are summarized the rates of ex- 
cretion of chloride, phosphate, titratable acid, am- 
monia and sodium, expressed in mEq per 24 
hours ; urine pH ; body weight ; and glomerular 
filtration rate and renal plasma flow on the five 
days on which these variables were measured. 
During the control period the rate of excretion 
of chloride averaged 130 mEq per day varying 
within limits of 107 and 151 mEq per day. In 
consequence of the ingestion of ammonium chlo- 
ride and elevation of plasma level, chloride excre- 
tion increased to 368 mEq on the first day and 
to 458 on the third. During these three days 
there was a net loss of 230 mEq of chloride over 
and above that ingested in the diet and as am- 
monium chloride. At a mean concentration of 115 
mEq per liter, this represents a loss of 2 liters of 
extracellular fluid in the first three days of acido- 
sis. Body weight actually decreased 2.2 Kgm. 
during this interval. Although a rigorous analy- 
sis of these data cannot be justified, it is safe to 
infer that the major loss of weight early in this 
experiment resulted from loss of extracellular 
fluid. 

The excretion of phosphate increased from an 
average of 41 mM per day during the control 
period to a peak of 60 mM per day on the third 
day of acidosis. Phosphaturia was not as sig- 
nificant a feature of acidosis in these experiments 
as in some previously reported (1). However, it 
accounted in large measure for the increased ex- 
cretion of titratable acid from the mean control 
rate of 37 mEq per day to a peak of 68 mEq 
per day. The fall in urine pH from a control 
value of 5.7 to a low of 4.7 contributed, although 
less significantly than phosphate excretion, to the 
increased excretion of acid. Since increased ex- 
cretion during the first four days of acidosis was 
attended by no fall in plasma level, phosphate 
must have been derived either from skeletal or- 
intracellular stores. The fact that in subject H 
both calcium and potassium excretion were ele- 
vated during acidosis inclines us to the view that 
phosphate was derived from both possible sources. 

The well known excretion of fixed base at the 
onset of acidosis, and its subsequent replacement 
with ammonia are well illustrated in this experi- 
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merit. During the control period, 142 mEq of 
sodium and 34 mEq of ammonia were excreted 
per day. On the first day of acidosis the excess 
chloride in the urine was largely neutralized with 
sodium, the rate of excretion of this latter ion 
rising to 310 mEq per day, whereas that of am- 
monia increased only to 62 mEq per day. By the 
fifth day ammonia had increased sufficiently to 
neutralize all excess chloride derived from the 
ammonium salt ingested, and the sodium balance 
became positive. On the first day of the recovery 
period the retention of dietary sodium was nearly 
complete, most of the urinary anions being neu- 
tralized by ammonia. A positive sodium balance 
was maintained for four days, during which time 
the alkali reserve and the salt content and volume 
of the several fluid compartments of the body were 
restored to their original condition. 

During the five-day period of acidosis the net 
loss of sodium from the body amounted to 306 
mEq. At a mean plasma sodium concentration 
of 135 mEq per liter this represents a loss of 2.3 
liters of extracellular fluid. Actually body weight 
decreased during this interval by 2.9 Kgm. The 
extra weight loss probably represents intracellular 
fluid, for in subject H a significant loss of potas- 
sium was observed during the period of acidosis. 
It is, however, apparent that in this experiment 
roughly three-fourths of the weight loss can be 
ascribed to a reduction in volume of extracellular 
fluid. It is significant that in the first four days 
of recovery 309 mEq of sodium were retained to 
balance the 306 mEq lost during the period of 
acidosis. On the fifth day of recovery sodium 
excretion was exactly equal to the average of the 
five control days. Before this time body weight 
had been restored to normal. 

A part of the fluid lost during the period of 
acidosis was derived from the vascular compart- 
ment, for the hematocrit, which fell steadily dur- 
ing the five control days, rose during the first 
three days of acidosis to a value appreciably above 
normal, to fall precipitously during the recovery 
period. In all some 1300 ml. of blood were 
drawn, relatively equally distributed over the 15 
nys of the experiment, so that a stead}' fall in 
hematocrit would.be expected had no blood con- 
centration resulted. No doubt because of this 
reduction in blood volume, glomerular filtration 
rate and renal plasma flow fell from their respec- 


tive control values of 101 and 483 cc. per min. 
to 86.8 and 468 cc. per min. on the second day 
of acidosis, and to 92 and 402 cc. per min. on 
the fifth day. These changes in renal function 
are rather small, but had the dehydration been 
more severe and progressive it is probable that 
they would have been of greater magnitude. It 
must be remembered that the intake of food, fluid 
and salt was maintained at normal levels through- 
out the period of developing acidosis, a fact which 
must have reduced the severity of dehydration in 
comparison with that observed in patients suf- 
fering from diabetic ketosis or chronic nephritis, 
and exhibiting equivalent reduction in plasma al- 
kali reserve. At the end of the recovery period 
both filtration rate and renal plasma flow had 
returned to levels slightly higher than those of 
the control period. Subject H who lost less 
weight and exhibited less dehydration suffered no 
decrease in filtration rate or in renal plasma flow ; 
indeed both variables increased somewhat during 
acidosis. It is reasonable to infer that the dehy- 
dration which may accompany acidosis rather than 
the acidosis itself is the cause of the reduced renal 
function often observed (8, 25). 

The results of the more extensive balance ex- 
periment performed on Subject H are summarized 
in Figures 3-5. In Figure 3 the plasma values 
for sodium, potassium, and calcium are presented 
in the left hand block, and those for chloride, bi- 
carbonate, protein, phosphate, and sulphate are 
presented in the right hand block of each day’s 
result. An undetermined moiety remains in the 
cation column which increases during acidosis from 
a control average of 6.2 mEq per liter to 10,0 
mEq per liter on the last day of acidosis. The 
undetermined moiety is no doubt in part magne- 
sium, and if one accepts a figure of 4 mEq per 
liter as a normal plasma value, the discrepancy 
during the control period is reduced to a satis- 
factorily small value. It must be remembered 
that the protein equivalence is calculated from 
total protein of serum and may well be subject 
to error. An increase in this error during acido- 
sis may account for the additional slight discrep- 
ancy. On the other hand, as noted below, it may 
be in part due to an increase in plasma magne- 
sium. During the control period total plasma 
anions a%'erage 158.2 mEq per lifer. There oc- 
curred a slight decrease during acidosis to an 
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Fig. 3. Changes in the Electrolyte Pattern of the Plasma of 
Subject H Which Resulted from the Ingestion of 75 Gms. of Am- 
monium Chloride Over a Five-Day Period 

average of 156.9, rising again in recovery to control level of 4.26 mEq per liter to a high of 

158.6 mEq per liter. Plasma sodium dropped 4.95 mEq per liter during acidosis, to the small 

from a control average of 141.2 mEq per liter reduction in phosphate from a control of 2.6 mEq 
to a low of 135.3 on the third day of acidosis, a per liter to a low of 2.1 mEq per liter on the last 

decrease of 5.9 mEq per liter. This decrease is day of acidosis, and to the minor decrease in sul- 

slightly less than that observed in subject P. phate from an average of 1.1 mEq per liter to a 
Chloride, in consequence of the ingestion of am- low of 0.8 mEq per liter again on the last day of 

monium chloride, rose from a control average of acidosis. The more significant change appears in 

109.8 mEq per liter to a peak value of 123.1 on the undetermined moiety and may represent some 

the last day of acidosis, a rise of 13.2 mEq per increase in plasma magnesium and possibly an er- 

liter. Conversely bicarbonate fell during acidosis ror in the base binding power of the plasma pro- 

from a mean control level of 26.3 mEq per liter teins as noted above. Further investigation is 

to a low of 15.6 mEq per liter on the fourth day. needed to clarify this point. However, both sub- 
Again as in subject P, the sum of chloride and jects exhibited the same type of change in sodium/ 

bicarbonate remained roughly constant from day anion ratio to approximately the same degree, 

to day until the second recovery day when a mod- The plasma pH averaged 7.41 during the con- 
erate rise occurred due to the rapid return of trol period and fell progressively during the period 
bicarbonate to normal. The mean control value of acidosis to a low of 7.29, only to rise rapidly 

for the sum of chloride and bicarbonate was 136.1 to a level of 7.41 on the second recovery day. An 

mEq per liter, a value 5.1 mEq per liter lower over-compensation then resulted with the pH in- 

than the control sodium level. This difference creasing to 7.45 on the fourth and fifth recovery 

decreased during acidosis so that on the last day days. A similar over-compensation was observed 
of this period it amounted only to 0.4 mEq per during the recovery period with respect to sodium, 

liter. As may be seen from Figure 3, this change calcium and bicarbonate levels, 

in the proportion of sodium to the sum of chloride Electrolyte excretion is graphically presented in 
and bicarbonate may be ascribed in part to the Figure 4. Cation excretion is blocked against 

slight increase in plasma potassium from a mean anion excretion for each day of the experiment. 
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All values are given in milliequivalents per 24 
hours. In consequence of the ingestion of am- 
monium chloride, total ionic excretion (sum of 
anions and cations) rose steadily during the pe- 
riod of acidosis so that on the last day of this 
period a total of 1248 mEq per 24 hours were 
excreted as compared to a mean control value of 
566 mEq. During the control period, the mean 
daily chloride excretion was 9 mEq higher than 
the mean sodium excretion, their values being 134.5 
and 125.0 mEq per 24 hours respectively. How- 
ever, with the ingestion of 15 gms. of ammonium 
chloride daily, chloride excretion rose progres- 
sively over the five-day period of acidosis to 470 
mEq per 24 hours. Sodium excretion was great- 
est on the first day of acidosis and then fell in 
stepwise fashion from 293 to 50.6 mEq per 24 
hours on the second day of recovery. Potassium 
excretion averaged 79.8 mEq per 24 hours dur- 
ing the control period, rose to a peak of 166.6 
mEq per 24 hours on the third day of acidosis, 
and then fell gradually to a low of 20.9 mEq per 
24 hours on the second recovery day. It is inter- 
esting that potassium excretion had not risen ap- 
preciably by the last day of recovery even though 
the net deficit incurred during the period of acido- 
sis had been almost completely regained. Calcium 


excretion rose to a high value of 41.4 mEq per 24 
hours on the fourth day of acidosis from a mean 
control value of 17.6 mEq per 24 hours. • In con- 
trast to potassium excretion, the excretion of cal- 
cium remained above the control value during the 
recovery period, averaging 27.7 mEq for the six 
days of this period and falling to 24.8 mEq per 24 
hours on the last day of the experiment. Magne- 
sium excretion varied but little from a mean con- 
trol level of 13.1 mEq per 24 hours reaching a 
maximum of only 16.8 mEq on the second day of 
acidosis and falling in the recovery period to a 
level only slightly below the control. With the 
drop in urine pH from a mean control level of 
5.61 to an average of 4.92 during the period of 
acidosis, the capacity of creatinine to combine with 
acid became significant. Thus acid bound by 
creatinine rose from a mean control value of 3.8 
mEq per 24 hours to a high of 10.1 mEq per 24 
hours on the second day of acidosis. Sulphate 
excretion averaged 49.4 mEq per 24 hours during 
the control period, rising to 63.6 on the second 
day of acidosis and dropping to a low of 22.6 
mEq per 24 hours on the first day of recovery. 
Phosphate excretion per 24 hours averaged sev- 
eral mEq greater than sulphate but behaved in a 
similar way. Organic acid excretion showed no 
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significant change during the experiment. Dis- 
crepancies between anion and cation excretion 
during the control and recovery periods are within 
limits of experimental error. During acidosis the 
increased discrepancy is unexplained, but might be 
due in part to the elimination of some undeter- 
mined organic cation, e.g., a basic amino acid 
such as histidine. 

In the central portion of Figure 5, base con- 
servation, as represented by the excretion of am- 
monia and titratable acid, is plotted upwards while 
fixed base loss is plotted downwards. Again, it 
may be clearly seen that on the first day of acido- 
sis the excess chloride in the urine was to a large 
extent neutralized by sodium. On the second and 
succeeding days, sodium excretion was spared not 
only by an increase in ammonia and titratable 
acid excretion but also by an increase in the ex- 
cretion of potassium and calcium. During the 
last two days of acidosis and the early days of 
recovery, ammonia and titratable acid excretion 



Fig. 5. Changes in the Excretion of Cations, 
Renal Plasma Flow, Glomerular Filtration Rate, 
Urine Output, and Body Weight in Subject H 
Resulting from the Ingestion of 75 Gms. of Am- 
monium Chloride Over a Five-Day Period 


were sufficiently great to permit a progressive and 
significant decrease in all elements comprising 
fixed base. Attention is called to the gradual 
return of ammonia to the control level, for in this 
phenomenon lies the explanation of the restora- 
tion and over-expansion of the base reserves dur- 
ing recovery. 

Daily urine output is graphed on an inverted 
scale immediately below fixed base loss in Fig- 
ure 5. The increase in output during the period 
of acidosis is in large part the result of the in- 
creased intake of water to dilute the ammonium 
chloride ingested, for body weight decreased only 
by 1.4 Kgm. during the entire interval. Calcula- 
tions of net loss of intra- and extracellular fluid 
during acidosis were less satisfactory in subject H 
than in subject P, because of less adequate dietary 
control and especially because of the relatively 
small change in body weight. Judging from the 
excess sodium and potassium excretion, loss of 
fluid was relatively equally distributed between 
the two compartments. Evidence of reduction in 
circulating blood volume either from plasma pro- 
teins or hematocrit such as that seen in subject P 
was nil. Accordingly no fall, and indeed an 
increase in glomerular filtration rate and renal 
plasma flow was observed. These increases are 
unexplained though they may be within limits 
of daily variation in this subject. 

Ionic rcabsorption in acidosis 

It is obvious from a comparison of Figures 1 
and 2, and of Figures 3, 4, and 5 that the in- 
crease in the excretion of chloride during am- 
monium chloride acidosis is related to the increase 
in plasma chloride concentration, and that the 
increase in excretion of sodium is the causative 
factor in the decrease in plasma sodium concen- 
tration and in the decline in body weight. Ex- 
periments in which glomerular filtration rate was 
measured permit a more exact description of the 
changes in renal function which underlie the al- 
tered excretion of the several ions. The signifi- 
cant data derived from 11 experiments performed 
at regular intervals on the two subjects during 
the control, acidosis, and recovery periods, are 
summarized in Tables I and II. Inasmuch as 
filtration rate decreased in one subject and in- 
creased in the second during acidosis, and since 
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previous work has shown that the quantities of 
sodium, bicarbonate, and chloride reabsorbed vary 
in proportion to glomerular filtration rate (22, 26, 
27), the reabsorption and excretion of these ions 
have been, expressed in mEq per 100 ml. of glo- 
merular filtrate for comparative purposes. On the 
other hand, in Table I, the reabsorption and ex- 
cretion of phosphate have been expressed in mM 
per rain., for the capacity of the kidney to reabsorb 
this ion is fixed, limited and independent of filtra- 
tion rate (28). The rates of excretion of titrat- 
able acid and ammonia are likewise expressed in 
mEq per min., for both hydrogen ions and am- 
monia are eliminated by mechanisms which are 
basically secretory in character, hence not related 
to filtration rate (29). 

In Table I, it may be seen that in the two con- 
trol experiments at a plasma concentration of 138 
mEq per liter, 13.5 mEq of sodium were reab- 
sorbed and 0.3 mEq were excreted per 100 ml. 
of glomerular filtrate. In the first experiment in 
acidosis although the quantity of sodium delivered 
into the renal tubules per unit volume of filtrate 
was less in consequence of the drop in plasma 
concentration, that lesser quantity was reabsorbed 
less completely than under normal conditions. 
Excretion rose to 0.45 mEq and reabsorption de- 
creased to 12.9 mEq per 100 ml. of filtrate. In- 
deed decreased reabsorption and increased excre- 
tion must have been the major determinants of 
reduced plasma concentration and of loss of so- 
dium from the body. By the fifth day of acidosis, 
the urinary loss of sodium had diminished to the 
control level, namely 0.29 mEq per 100 ml. of 
filtrate. No less than three factors contributed 
to diminished sodium loss: low plasma sodium 
concentration, ie., reduced sodium content of the 
filtrate; diminished chloride load demanding ex- 
cretion, i.e., intake of ammonium chloride had 
been cut from 15 to 10 gms. per day; and of 
greatest significance, increased substitution of am- 
monia for sodium in neutralizing urinary anions. 
We interpret the initial loss of sodium as the pas- 
sive consequence of the increased excretion of 
chloride, brought about by the increased chloride 
load presented to the tubules. However, the re- 
absorption of chloride must be considered in re- 
lation to the reabsorption of bicarbonate, for 
previous work has shown that the mechanisms 
responsible for the salvage of these ions are inter- 


related in such a way that decreased reabsorption 
of one ion species is partially compensated by in- 
creased reabsorption of the other (22). Since all 
urines were more acid than pH 6.0 the excretion 
of bicarbonate was negligible throughout the en- 
tire series of experiments. Because of reduced 
plasma concentration, less bicarbonate per unit 
volume of filtrate was presented for reabsorption 
in the two experiments in acidosis than in the 
two controls. Accordingly greater quantities of 
chloride were reabsorbed in acidosis than nor- 
mally, e.g., 10,9 and 11.2 mEq per 100 ml. of 
glomerular filtrate in acidosis, in comparison with 
10.4 and 10.2 mEq normally. Yet because of the 
greatly increased load of chloride, even the en- 
hanced reabsorptive capacity was exceeded, and 
chloride excretion rose. Over-compensation dur- 
ing the recovery period is evident in the reabsorp- 
tion of a greater than normal quantity of bicar- 
bonate, the reabsorption of chloride reverting 
more or less to the control value. 

Diminished absorption and increased excretion 
of sodium during acidosis with compensatory over- 
absorption and diminished excretion during recov- 
ery are again evident in experiments on subject H 
presented in Table II. Thus in the second control 
experiments 13.71 mEq of sodium per 100 ml. of 
filtrate were reabsorbed and 0.12 mEq excreted. 
On the first day of acidosis 13.60 mEq were re- 
absorbed and 0.25 mEq were excreted. On the 
first day of recovery reabsorption had increased 
to 13.78 mEq and excretion had fallen to 0,036 
mEq. These days are chosen for consideration 
because the plasma sodium concentrations were 
essentially the same on all. Such changes in ab- 
sorption and excretion are small, but it is upon 
such small changes that the negative sodium bal- 
ance early in acidosis and the positive sodium 
balance in recovery depend. For instance, a de- 
crease in the absorption of sodium of 0.11 mEq 
per 100 ml. of filtrate would cause the loss of 
250 mEq in a day’s time at the filtration rate 
exhibited by subject H on the first day of acido- 
sis. This would be equivalent to the loss of 1.8 
Kgm, of extracellular fluid. The actual negative 
balance on this day was 168 mEq of sodium rather 
than the 250 mEq calculated, and the loss of 
weight was 1.4 Kgm. rather than 1.8 Kgm. 
One must infer either than the diminished absorp- 
tion noted above was not maintained throughout 



Rates of reabsorpiion and excretion of ions in subject H. on the first and fourth days of each of the three experimental periods 
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the 24 hours or that the filtration rate was lower 
at night (a reasonable assumption [30]). On 
the first day of recovery the increase in the ab- 
sorption of sodium of 0.07 mEq per 100 ml. of 
filtrate over the last control period would cause 
the retention of 161 mEq in 24 hours and a gain 
of 1.2 Kgm. in weight. This quantity of sodium 
was not available in the diet and the actual sodium 
retention and weight gain were only one-third of 
the calculated values. A comparison of Tables I 
and II indicates that the greater sodium deficit, 
greater loss of weight and more significant fall in 
plasma sodium level in subject P as compared 
with subject H was the consequence of a greater 
increase in sodium excretion. 

As shown in Table II potassium excretion in- 
creased sharply during acidosis, rising from a 
control average of 0.047 mEq per 100 ml. of 
glomerular filtrate to 0.091 mEq on the first day 
of acidosis and to 0.125 mEq on the fourth day 
of acidosis. On this latter day at the same plasma 
level as on the first control day, it is evident that 
the absorption per 100 ml. of filtrate was sig- 
nificantly diminished. Despite diminished absorp- 
tion and increased excretion, plasma potassium 
was maintained at a nearly constant level, a fact 
explicable only on the assumption that the excess 
potassium was derived from cellular stores. Loss 
of intracellular potassium in acidosis has been ade- 
quately demonstrated (31). During recovery, 
potassium excretion dropped sharply to 0.020 mEq 
per 100 ml. of filtrate on the first day and to 0.012 
mEq on the fourth day. This lower excretory 
rate during recovery must have been conditioned 
in part by the low plasma potassium level. In 
turn this low plasma level must have been caused 
by the restoration of depleted cellular reserves 
from the ingested and circulating moiety. 

Depressed absorption of phosphate in acidosis is 
evident from the data of Table I. In the first 
experiment in acidosis 24 per cent of the filtered 
phosphate was excreted at a plasma concentra- 
tion of 1.4 mEq per liter; in the second, 30 per 
cent was excreted at a significantly lower plasma 
concentration. In the control periods and follow- 
ing recovery only 5 to 10 per cent of the filtered 
phosphate was excreted. These results are in 
line with previous findings in man, namely, that 
acidosis depresses the tubular reabsorption of 
phosphate at normal plasma levels, although it 


does not affect maximum tubular reabsorptive 
capacity at high plasma levels (32). The reduced 
plasma level of phosphate during .recovery, like 
that of potassium, must have resulted from diver- 
sion of phosphate from plasma to cellular and 
osseous depots depleted during acidosis. 

Early time course of renal compensations in acido- 
sis 

In order to study the time course of early renal 
compensations in acidosis a 12 period experiment 
was performed in which plasma and urine samples 
were collected at 15 min. intervals. During this 
experiment a total of 10 gms. of ammonium chlo- 
ride was ingested in two doses. The significant 
observations are presented in Figure 6, The first 
two periods, performed with the subject in a state 
of normal acid-base balance, established control 
values for all variables. A 5 gm. dose of am- 
monium chloride was then ingested and following 
four additional clearance periods, another 5 gms. 
were taken. 

Minimal changes in plasma chloride, bicarbonate 
and pH are evident within 7.5 min. after the in- 
gestion of the first dose of ammonium chloride. 



Fig. 6. Changes in Ionic Composition of the 
Plasma, in Rates of Excretion of Ions During the 
Acute Phase of a Developing Ammonium Chloride 
Acidosis 
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These changes became progressively more signifi- 
cant over the succeeding 45 min. Folloiving the 
second dose, plasma chloride rose and bicarbonate, 
pH and sodium fell within the subsequent 90 min. 
to levels characteristic of moderately severe acido- 
sis. A decrease in pH and an increase in content 
of titratable acid and ammonia are evident in the 
■urine formed within 15 min. following the inges- 
tion of the first dose of the acidifying salt, changes 
which were progressive throughout the course of 
the experiment. No significant changes in the 
excretion of phosphate, chloride and sodium were 
evident until the second 5 gms. of ammonium 
chloride were ingested, although plasma chloride 
rose appreciably during the interval between the 
two doses, a rise which was exactly counterbal- 
anced by the fall in plasma bicarbonate. But fol- 
lowing the second dose of the ammonium salt, 
chloride excretion increased, and since the excess 
urinary chloride was largely neutralized by so- 
dium, the excretion of this ion increased propor- 
tionately. Only a part of the reduction in plasma 
sodium can be ascribed to increased excretion; 
the remainder must have been due to shifts of 
fluid and/or electrolyte between intra- and extra- 
cellular compartments. 

One surprising finding in this experiment, which 
has been observed in others as well, was the 
prompt increase in the excretion of ammonia. It 
is usually stated that the kidney responds early 
to an increased acid load by excreting acid in 
free titratable form, and only after some delay, 
by excreting increased quantities of ammonia. It 
is evident from Figure 3 that ammonia and titrat- 
able acid excretion increased at equivalent rates 
and to approximately the same extent within the 
first 120 min. after the ingestion of an acidifying 
. salt. It is true that this increase in ammonia out- 
put is only a small fraction of that attained after 
five days, but there certainly is no true delay in 
its onset, merely a gradual attainment of its maxi- 
mal value. If it is correct to infer that no sig- 
nificant increase in plasma ammonia results from 
the ingestion of ammonium chloride (1, 6), then 
the observed increase in the rate of ammonia ex- 
cretion constitutes a prompt renal compensation 
to ingestion of acid. Since plasma phosphate level 
did not change, the increased rate of excretion of 
phosphate during the latter half of this experi- 
ment resulted from diminished reabsorption. Both 


the increase in the rate of phosphate excretion and 
the increase in the acidity of the urine contributed 
to the enhancement of titratable acid excretion. 

DISCUSSION 

It is apparent in ammonium chloride acidosis 
that the kidney maintains approximate constancy 
of total ionic concentration at the expense of ionic 
pattern and to a lesser degree at the expense of 
extracellular fluid volume. As bicarbonate is con- 
verted to chloride an increase in the tubular reab- 
sorption of this latter ion species serves to restrict 
its loss, and thus the loss of base which accom- 
panies it into the urine. For example, 10.3 mEq 
of chloride were reabsorbed and 0.28 mEq were 
excreted per 100 ml. of glomerular filtrate in the 
second control experiment presented in Table I. 
On the first day of acidosis increased quantities 
of chloride per unit volume of filtrate were deliv- 
ered into the renal tubules, because of increased 
plasma concentration. However, an increase in 
reabsorption to 10.93 mEq per 100 ml. of filtrate 
limited excretion to 0.65 mEq. Had no increase 
in chloride absorption occurred, excretion would 
have increased to 1.36 mEq and the rate of sodium 
loss would have been tripled. It is apparent that 
an important renal response in ammonium chlo- 
ride acidosis is the increase in tubular reabsorp- 
tion of chloride, an increase which is more or less 
proportional to the extent of the conversion of 
bicarbonate to chloride. A consequence of this 
renal response is the maintenance of constancy of 
the sum of the plasma concentrations of chloride 
and bicarbonate despite considerable shifts in their 
relative proportions. 

However, the conversion of a significant pro- 
portion of bicarbonate to chloride is attended by 
some increase in chloride excretion. Early in 
acidosis the excess urinary chloride is neutralized 
in large part by sodium derived from extracellular 
stores. This loss of fixed base is accompanied by 
the e.xcretion of nearly equivalent quantities of 
water. Since the specific gravity of the urine of 
subject P averaged 1.016 during the five days of 
acidosis in contrast to 1.026 during the five con- 
trol days, it is probable that the polyuria and 
consequent loss of weight during acidosis resulted 
from diminished posterior pituitary activity rather 
Ulan from osmotic abstraction of body water by 
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concentrated urinary solutes. Indeed the prob- 
able stimulus promoting fluid elimination was the 
decrease in osmotic pressure of the body fluids in 
consequence of base loss. This is suggested by 
the fact that water excretion lagged somewhat 
behind base loss, for in both subjects plasma so- 
dium level decreased significantly. 

In subject P a major portion (three quarters) 
of the water and base sacrificed during acidosis 
was derived from the extracellular fluid compart- 
ment (cf. calculations on p. 426). In subject H 
balances were less accurate and calculations less 
dependable, but fluid loss seemed more equally 
divided between intra- and extracellular compart- 
ments. It is significant in subject H that the 
majority of the base lost on the first day of acido- 
sis was sodium. However, by the third day potas- 
sium excretion had increased to a point where 
this ion neutralized a greater proportion of the 
urinary acid than did sodium. Since the plasma 
level of potassium 'did not change appreciably dur- 
ing acidosis, this ion must have been delivered 
into the blood from the tissues at essentially the 
same rate at which it was eliminated in the urine. 
The substitution of potassium for sodium in the 
urine permits the body to draw on the large 
intracellular reserves of buffer base ; hence loss of 
interstitial fluid and reduction of circulating plasma 
volume are curtailed. 

The changes in renal function described above 
are restrictive compensations, in the sense that 
they limit the disturbance of total ionic concen- 
trations and volumes of both intra- and extra- 
cellular fluids. The elimination of titratable acid 
and especially of ammonia are corrective compen- 
. sations in the sense that they permit the continued 
excretion of acid without further drain of base, 
and during recovery, rapidly restore ionic pat- 
terns, total ionic concentrations and volumes to 
normal. It is apparent from Figures 2 and 4 that 
' ammonia excretion and to a lesser extent titratable 
acid excretion increased progressively over the 
five-day period of acidosis. In subject P, Avho 
ingested a smaller dose of ammonium chloride, 
the ammonia output on the fifth day was more 
than equivalent to the acid load, and a positive 
sodium balance was attained. In subject H, the 
ammonia output was sufficiently great to reduce 
the net loss of all components making up the fixed 
base of the urine, although positive balances were 


not attained. In the early recovery period, the 
continued production of ammonia at a high rate 
permitted the rapid restoration of base reserves. 
The marked positive balance of sodium in subject 
P and of all components of fixed base except 
calcium in subject H is clearly evident in Figures 
2 and 4. 

Points of some possible therapeutic interest in 
clinical acidosis are the low plasma levels of phos- 
phate and potassium observed during the recovery 
period despite the positive urinary balances. These 
low plasma levels undoubtedly result from the 
replenishment of depleted cellular reserves of po- 
tassium and phosphorus from circulating stores. 
Reductions in plasma levels of the magnitude ob- 
served in these experiments are inconsequential, 
but are in qualitative agreement with those of 
more significant magnitude observed following 
recovery from diabetic ketosis (13, 33), 

The cause of the inverse relationship between 
chloride and bicarbonate reabsorption and the 
additional excretion of chloride and sodium in 
moderate and severe acidosis are interesting points 
for speculation. According to Walker ct al. (34) 
the ionic pattern of the glomerular filtrate, which 
approximates that of the plasma, is rapidly altered 
during passage of the fluid through the proximal 
tubule. Although the sodium concentration is 
essentially unchanged, the chloride concentration 
of the residual tubular fluid rises as fluid is ab- 
sorbed. One must conclude that sodium and 
water are reabsorbed proportionally, that chloride 
is absorbed infraproportionally to water, and that 
some other ion, most probably bicai'bonate, is ab- 
sorbed supraproportionally. According to Wesson 
et al. (30) the active absorption of sodium and 
its attendant anions in the proximal tubule is the 
origin of the osmotic force which causes the ab- 
sorption of some 80 per cent of the filtered water 
in this segment. Possibly the tubule is relatively 
indifferent within narrow limits to the nature of 
the anion presented to it, i.e., whether chloride 
or bicarbonate. Thus with moderate conversion 
of bicarbonate to chloride diminished absorption 
of the former might be more or less exactly com- 
pensated by increased absorption of the latter as 
a semipassive partner of sodium. However, the 
conversion of a significant proportion of the bi- 
carbonate to chloride might be expected to reduce 
total anion absorption, for from Walker’s data it 
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would appear that chloride absorption proceeds at 
a somewhat slower rate than bicarbonate absorp- 
tion in the proximal segment. Reduction in total 
anion absorption in this segment would restrict 
cation (sodium) and water absorption to essen- 
tially equivalent degrees. The excess sodium over 
and above that normally absorbed in the distal 
tubule would be excreted in the urine. It is evi- 
dent from Tables I and II that the magnitude of 
these changes is very small, a fact which renders 
their demonstration difficult. Nevertheless it is 
such small changes which underlie the negative 
sodium balance, diuresis and loss of weight which 
characterize ammonium chloride acidosis. 

One is forced to the conclusion that such 
changes in glomerular filtration rate as occur in 
ammonium chloride acidosis cannot be directly 
responsible for changes in sodium and chloride 
balances. Thus qualitatively similar results in 
overall electrolyte balance were obtained in sub- 
jects P and H, yet in the former filtration rate 
fell and in the latter it rose. This fact alone, 
were it not supported by other evidence referred 
to in the first part of this paper, would justify 
correction of reabsorption to a standard rate of 
filtration for comparative purposes. This does not 
, imply that a change in filtration rate may not 
modify the extent of a positive or negative bal- 
ance by altering the quantity of electrolyte deliv- 
ered into the distal segment of the renal tubule. 
Indeed there is evidence that such variations in 
filtration rate do alter electrolyte balance signifi- 
cantly (30). 

That the increased excretion of ammonia and 
titratable acid in acidosis and for the first few 
days of recovery are compensations which restrict 
the loss of fixed base and restore the base re- 
serves, is well recognized. Undoubtedly both 
serve to increase the distal tubular salvage of base, 
for the mechanisms for ammonia and acid excre- 
tion are both located at this site (35, 36). The 
former accomplishes the exchange of NH^* ions 
for B* ions, the latter, the exchange of ions 
for B* ions (29). Thus in acidosis the delivery 
of additional base into the distal segment in con- 
sequence of diminished proximal tubular absorp- 
tion is compensated by a greater exchange of H* 
and NH/ ions for that base. Since as shown in 
Figure 6, the output of ammonia increases as 
rapidly as that of titratable acid following the 


ingestion of ammonium chloride, it is reasonable 
to assign these increases to a single stimulus. 
Basically this stimulus appears to be a reduction 
in the quantity of bicarbonate delivered into the 
distal segment of the renal tubule, or more indi- 
rectly to a reduction in plasma bicarbonate con- 
centration, for this latter factor largely determines 
the former in any given individual. According to 
views previously expressed there is a single trans- 
fer mechanism which exchanges ions for 
ions across the distal tubular epithelium (29). 
This mechanism is limited to some extent in trans- 
fer capacity and in the ion gradient which it 
can develop between blood and tubular urine. 
At normal plasma levels, that quantity of bicar- 
bonate which reaches the distal tubule nearly sat- 
urates tbe exchange mechanism, i.e., bicarbonate 
bound base is exchange for ion and carbonic 
acid is formed. Tbe urine formed is only moder- 
ately acid and contains relatively small quantities 
of titratable acid, for the carbonic acid is largely 
dehydrated to CO^ and water. Because of low 
acidity, little ammonia diffuses into the urine. 
At reduced plasma levels such as those observed 
in acidosis, little bicarbonate reaches the distal 
tubule. Fixed acid buffers are converted to ti- 
tratable acid to the limit of the capacity of the 
kidney to establish an high hydrogen ion gradient. 
Because of high acidity of the urine ammonia 
diffuses from its site of formation in the distal 
tubular cells into the tubular lumen. This latter 
process, by reducing the hydrogen ion gradient 
between blood and urine permits the continued 
exchange of H* for B'^ ions. In essence, in the 
absence of sufficient bicarbonate or fixed buffer 
in the tubular urine to provide the requisite base 
to saturate the exchange mechanism, that base is 
derived from salts of strong acid by the substitu- 
tion of ammonia as the neutralizing ion. 

It is obvious that some factor other than plasma 
bicarbonate must condition the rate of excretion 
of ammonia, for ammonia output increased pro- 
gressively during the five-day period of acidosis, 
although plasma bicarbonate had reached its low- 
est point by the third day. The nature and mode 
of operation of this factor is unknown at present. 

SUMMARY 

Ammonium chloride was given in divided dos- 
age to two healthy adult subjects in order (o) 
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to relate the rates of excretion of the several ions 
to their respective plasma concentrations; (&) to 
determine the nature and extent of the changes 
in glomerular filtration, renal plasma flow, and 
ionic reabsorption which underlie altered excre- 
tory functions in metabolic acidosis; and (c) to 
study the time relations of the renal compensations 
to acidosis. 

Following the ingestion of ammonium chloride, 
plasma bicarbonate fell in exact proportion to the 
increase in plasma chloride, so that the sum of 
these anionS' remained unchanged. During the 
recovery phase, plasma bicarbonate rose more 
rapidly than chloride fell, resulting in an increase 
in the sum of these anions. Although the ability 
of the renal tubules to reabsorb chloride increased 
as the load of bicarbonate presented in the filtrate 
was reduced, the increase was not sufficient to 
prevent loss of chloride in the urine. Early in 
acidosis the excess urinary chloride was neu- 
tralized for the most part by sodium derived from 
body buffers. Loss of sodium resulted in a mod- 
erate reduction of plasma sodium concentration 
which was limited by the excretion of nearly 
equivalent quantities of water. 

Three different mechanisms were responsible for 
the restriction of sodium loss and the restoration 
of body buffer reserves: (a) following the inges- 
tion of an acidifying salt, the increase in chloride 
reabsorption per 100 ml. of glomerular filtrate 
significantly diminished the loss of fixed base; 
(b) the increased excretion of potassium, and cal- 
cium on the second and third days of acidosis 
permitted a decrease in sodium excretion although 
total fixed base loss increased ; (c) ammonia and 
titratable acid production increased progressively 
during acidosis permitting the continued excretion 
of acid with a reduction in the loss of fixed base. 
A lag in the return of ammonia to normal during 
recovery resulted in an over-compensatory in- 
crease in plasma sodium and bicarbonate. 

Despite the fact that glomerular filtration rate 
and renal plasma flow varied in opposite direc- 
tions in the two subjects during ammonium chlo- 
ride acidosis, sodium, potassium and chloride 
balances followed a similar pattern. Chloride re- 
absorption increased and sodium and potassium 
reabsorption decreased per 100 ml. of glomerular 
filtrate in both subjects. Despite the diminished 
absorption and increased excretion, plasma potas- 


sium was maintained at a nearly constant level, 
thus indicating the release of intracellular stores 
of this ion. Phosphate likewise was released from 
either cellular or osseous stores. 

Alterations in electrolyte pattern and balance 
during acidosis were also studied in acute experi- 
ments. It was observed that ammonia and titrat- 
able acid excretion increased at equivalent rates 
and to approximately the same extent within the 
first two hours after the ingestion of an acidifying 
salt. However, only a small fraction of the maxi- 
mal rate of ammonia formation is attained within 
this time interval. The basis for the delay in 
attainment of the maximal rate of ammonia excre- 
tion early in acidosis and the persistence of a 
high rate of excretion during recovery is unex- 
plained at present. 
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Little is known of the effects of histamine upon 
the renal circulation. According to Dale and 
Laidlaw (1), the rate of urine flow after the injec- 
tion of histamine follows roughly the arterial blood 
pressure; their renal plethysmographic studies 
showed a decrease in the volume of the kidney, 
possibly due to active arteriolar constriction. 
These observations have generally been confirmed 
by other investigators (2-4), who found a reduced 
blood flow in laboratory animals and an oliguria 
in human beings. Following administration of 
histamine to human subjects, Bjering (5) noted 
a fall in the clearances of urea and creatinine 
which he ascribed to changes in renal circulation. 

The favorable effect of antihistaminic drugs 
upon experimental nephritis in rabbits and on al- 
buminuria and hematuria in certain cases of human 
glomerular nephritis suggests that histamine-like 
substances may cause the glomerular vasodilatation 
and increased permeability observed in the latter 
disease (6, 7). Some human subjects manifesting 
arterial hypertension of the “neurogenic” type (8) 
show a definite hypersensitivity to histamine and 
respond to the intracutaneous injection of a small 
dose with a so-called “diencephalic blush” (9). 
Because of these observations bearing on the in- 
fluence of histamine upon renal and vascular dis- 
ease, an attempt was made to investigate further 
the effect of histamine upon renal function. We 
describe below the influence of a subcutaneous in- 
jection of histamine upon renal function as meas- 
ured by the clearance technique. 

iThis investigation was supported by a grant-in-aid 
from the National Institute of Health, United States 
Public Health Service. 

= Fellow of the Swiss Foundation for Medical and 
Biological Research. Present address: The Medical 
Clink, University of Berne, Berne, Switzerland. 

® Present address; Dept, of Medicine, The Johns Hop- 
kins Hospital, Baltimore. 


SUBJECTS AND METHODS 

Experiments were performed upon five patients with 
essential hypertension without ascertainable antecedent 
renal disease, and upon five normotensive patients. 

Mannitol and para-aminohippurate (PAH) were meas- 
ured in blood and urine during five or six consecutive 
periods of 10 to 20 minutes duration. After a priming 
dose had been administered, the blood levels of mannitol 
and PAH were maintained approximately constant by 
intravenous administration of a 0.9% sodium chloride 
solution containing these substances, at a rate of 4 cc. 
per minute. Urine was collected by catheterization, and 
the bladder was rinsed with 0.9% sodium chloride solu- 
tion at the end of each period. The analytical procedures 
used were essentially those employed by Goldring and 
Chasis (10).'*' ** Among factors considered in performing 
the plasma and urine mannitol blanks were non-ferment- 
able reducing substances contributed by plasma or urine, 
or "Factor 1,” reducing substances contributed by the 
yeast suspension, or “Factor 2,” and adsorption or de- 
struction of mannitol by the yeast suspension, or “Factor 
3.” In performing the plasma blank, all three factors 
were corrected for, save in the case of the three subjects, 
L. C., I. H., and M. L., when compensation was made 
only for Factor 1. In performing the urine blank. Factors 
2 and 3 were corrected for, save in the case of the same 
three subjects, when compensation was made only for 
Factor 2. Data on the technique employed for these 
blank determinations will be presented elsewhere (11). 

The renal plasma clearances of mannitol and PAH 
were calculated using the formula “UV/P,” where “U” 
and "P” are respectively concentration of the substance 
in urine and plasma, and “V” the volume of urine ex- 
creted per minute expressed in cubic centimeters (12). 
The value of P at the exact midpoint of each period was 
calculated by interpolation between the values observed 
during each period. The “filtration fraction” was calcu- 
lated as the ratio of the mannitol clearance to the PAH 
clearance. 

The afferent and efferent arteriolar resistances (Ra 
and Re) were computed from our data according to Lam- 

•* The mannitol and PAH solutions administered were 
generously contributed by Sharpe and Dohme Company; 
the starch-free baker’s yeast used in the mannitol analyses 
was given bj' Anheuser-Busch, Inc. 

**Miss Ellabeth Houghton, Mrs. Mattie Heady and 
Mrs. Harriet Weil rendered technical assistance in per- 
forming and reporting the investigations. 
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TABLE 1 


Renal clearances of marinilol and para-aminohippurate {PAH) in five hypertensive subjects before 

and after histamine ejection 


Subject 

Period 

Hista- 

mine 

dose 

Urine 

flow 


Urine 

levels 

Plasma 

clearances 

Filt. 

frac.* 

Blood 

pressuret 

RaI 

Re§ 

Manni- 

tol 

PAH 

Manni- 

tol 

PAH 

Manni- 

tol 

PAH 




cc. per 

mgm. 

mgm« 

f«gm» 

mgm. 

cc. per 

CC. per 







mgm. 

min. 

Per cc. 

per cc. 

percc. 

Per cc. 

min. 

min. 


mm. Ilg 



I. H. 9 

1 


4.58 

1.23 

.0346 

28.2 

4.02 


531 

.193 

160/100 

0.0659 

0.0117 

193 lbs. 

2 


5.28 

1.26 

.0405 

23.8 

3.90 



.198 


.0685 

.0127 

64 in. 

3 

0.3 

4.50 

1.18 

.0431 

26.0 

4.14 

99 

431 

.230 

135/90 

.0543 

.0183 

40 years 

4 

0.2 

5.12 

1.17 

.0468 

28.2 

4.75 

123 

530 

.232 

130/85 

.0387 

.0149 


5 


5.12 

1.18 

.0473 

27.4 

4.61 

119 

500 

.238 

140/95 

.0515 

.0167 


6 


4.28 

1.12 

.0450 

29.5 

4.89 

112 

464 

.242 

140/100 

.0578 

.0180 

M.L. 9 

1 


2.25 

1.08 

.0179 

38.7 

•4.48 


563 

.143 

170/105 

0.0743 

0.0076 

199 lbs. 

2 


2.00 

1.09 

.0229 

39.3 

5.82 

72.1 

508 

.142 


.0825 

.0084 

60 1 in. 

3 

0.4 

1.94 

1.08 

.0266 

46.2 

6.92 

89.8 

504 

.178 

140/90 

.0542 

.0109 

' 45 years 

4 


1.81 

1.11 

.0301 

47.6 

7.79 

78.0 

468 

.167 

170/95 

.0810 

.0112 


5 


2.45 

1.10 

.0287 

40.5 

6.89 

90.1 

588 

.163 

170/105 

.0693 

.0090 

D.B. 9 

1 


3.18 

1.42 

.0269 

41.1 

3.72 

91.8 

439 

.209 

175/120 

O.lOSO 

0.0159 

116 lbs. 

2 


3.21 

1.36 

.0285 

42.1 

4.04 

99.6 

455 

.219 

175/120 

.0965 

.0163 

64§ in. 

3 

0.4 

2.06 

1.30 

.0350 

52.6 

5.58 

83.2 

328 

.254 

150/110 

.0955 

.0283 

2S years 

4 


2.00 

1.32 

.0411 

52.2 

6.42 

79.2 

312 

.254 

150/110 

.1010 

.0298 


5 


2.37 

1,30 

.0413 

45.1 

5.88 

82.4 

337 

.244 

165/115 

.1120 

.0256 

F.W. 9 

1 


1.70 

1.54 

.0347 

41.3 

4.67 

45.7 

229 

.199 

150/100 

0.1392 

0.0283 

140 lbs. 

2 


1.61 

1.50 

.0358 

41.1 

5.46 

44.4 

245 

.181 

150/100 

.1350 

.0224 

• 66i in. 

3 

0.15 

1.72 

1.46 

.0415 

39.9 

5.17 

47.0 

214 

.219 

150/100 

.1440 

.0347 

28 years 

4 


2.51 

1.45 

.0471 

26.5 

3.70 

45.7 

197 

.232 

130/100 

.1242 

.0400 


5 


1.65 

1.45 

.0514 

42.2 

6.48 

48.0 

207 

.232 

150/110 

.1600 

.0382 

L. C. 9 

1 


3.71 

.80 

.0216 

25.0 

2.98 

116.8 

512 

.228 

210/130 

0.1090 

0.0154 

234 lbs. 

2 


3.76 

.79 

.0249 

25.7 

3.32 

122.0 

501 

.242 

210/130 

.1100 

.0166 

63^ in. 

3 


3.53 

.79 

.0281 

26.2 

4.06 

118.0 

511 

.231 

210/130 

.1090 

.0154 

32 years 

4 

0.4 

3.51 

.88 

.0349 

28.5 

5.04 

114.0 

508 

.226 

190/120 

.0937 

.0151 


S 

0.3 

2.29 

.93 

.0381 

39.9 

7.19 

97.6 

432 

.226 

165/105 

.0838 

.0177 


6 


2.70 

.95 

.0389 

37.7 

6.48 

106.3 

449 

.236 

165/110 

.0845 

.0171 


' Filt. frac. = filtration fraction = 


mannitol clearance 


PAH clearance 
t Blood pressure = arterial blood pressure. 

t Ra = afferent arteriolar resistance in mm. of mercury per cc. renal plasma flow per minute. 
§ Re = efferent arteriolar resistance in mm. of mercury per cc. renal plasma flow per minute. 


port’s formulae (13). In these computations we arbi- 
trarily assumed a hematocrit of 0.43, a plasma protein 
concentration of 7.0 grams per 100 cc., and a ratio of 
albumin to globulin of 2.2. The injection of histamine 
did not influence the hematocrit values in the two experi- 
ments in which the measurement was made. 

In addition to the 10 clearance experiments, the renal 
extraction of PAH and mannitol before and after sub- 
cutaneous administration of 0.5 mgm. of histamine was 
determined in three subjects by catheterization of the 
right renal vein,o using the technique devised by Coornand 
and Ranges (14) for the heart and developed by Warren, 
Brannon an d Merrill (IS) for the renal vein.r The 

' The assistance of Dr. H. A. Schroeder in performing 
the catlicterizations is gratefully acknowledged. 

■ Experiments in which clearance measurements and 
renal venous catheterizations were performed simultane- 
ously showed a definite discrepancy between the mannitol 


blood pressure was measured in the arm by the ausculta- 
tory technique. 

The dose of histamine was chosen so as to elicit a 
moderate general reaction with flushing of the face and 
headache. Lachrymation, palpitation, and tachycardia 
occurred in some patients; the blood pressure fell regu- 
larly only in hypertensive subjects. Usually 0.3 to 0.5 
mgm. of histamine, calculated as the pure base, was 
administered, depending on body weight; in one case 
(F. W.) a marked reaction was produced by 0.15 mgm., 
and in another (L. C.) the administration of a total of 
0.7 mgm. in two doses resulted in almost no reaction and 
no striking changes in renal clearances. The histamine 

clearance as usually calculated (UV/P) and the clearance 
computed from the calculated renal blood flow and the 
obser%-ed renal extraction of mannitol (23). However, 
we assume that for our purposes the clearance methods 
permit a useful approximation of kidney function. 
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there were no changes in filtration fraction. The 
average curves (Figure 1) indicate that the mean 
increase in filtration fraction was about the same 
in both series, amounting to 12% in the normoten- 
sive group and 14% in the hypertensive patients. 
Two normotensive individuals appeared to be very 
sensitive to the injected amine. 

The calculated efferent arteriolar resistance was 
increased in four and unchanged in one hyper- 
tensive subject. It was also increased in four (in 
three only slightly) and unchanged in one normo- 
tensive individual. The afferent arteriolar re- 
sistance was decreased in three and unchanged in 
two hypertensive patients; in normotensive sub- 
jects, changes were roughly parallel to those in the 
efferent resistance. 

As will be seen in Table IV, the renal extraction 
percentage of mannitol and PAH was not consist- 
ently influenced by the injection of histamine. 
The data on subject F. C. presented in Tables II 
and IV were obtained during the same experiment. 

Qualitative (heat) tests on the urine of nine of 
the ten patients revealed no proteinuria occurring 
during the clearance period immediately following 
the injection of histamine. The tenth patient (I. 
H.) exhibited traces of urinary protein antecedent 
to the injection of histamine ; the injection caused 
no immediate increase in proteinuria. 



PERIOD 

Fig. 1. Schematic Presentation of Averages for 
Renal Clearances and Filtration Fraction (FF) 
Broken line presents data on five hypertensive subjects 
(Table I) ; solid line on five normotensive subjects 
(Table II). Histamine injected at start of third period. 
Clearances of para-aminohippurate (PAH) and mannitol 
(M) expressed as cc. plasma per minute. 


TABLE III 


Qualitative variations in renal function and in blood pressure 
tn normotensive and hypertensive subjects following 
the injection of histamine 


Subject 

Plasma 

flow 

Filtra- 

tion 

rate 

Filtra- 

tion 

fraction 

Blood 

pressure 

Ra 

Re 

Hypertensive 







l.H. 

d. 

i. 

i. 

d. 

d. 

i. 

M. L. 

s.d. 

i. 

i. 

d. 

d. 

i. 

D. B. 

d. 

d. 

i. 

d. 

u. 

]. 

F. W. 

s.d. 

S.i. 

i. 

d. 

u. 

1 . 

L. C. 

d. 

d. 

u. 

d. 

d. 

u. 

Hormolcnsive 







M.S. 

d. 

d. 

II. 

11. 

S.i. 

s.i. 

M. C. 

u. 

u. 

u.* 

t. 

u. 

u. * 


d. 

d. 

u.» 

u. 

s.i. 

s.i. 

F. C. 

d. 

S.d. 

1. 

s.i. 

i. 

i. 

C. F. 

d. 

s.d. 

i. 

s.i. 

s.i. 

s.i. 


Actually slightly increased but probably not signifi- 


,j‘ " ~ decreased, s.i. = slightly increased, 

••u. = slightly decreased, ii. = unchanged. 


DISCUSSION 

From these observations it would appear that 
the reduction in renal plasma flow following the 
subcutaneous administration of histamine was of- 
ten due to efferent arteriolar constriction. In some 
cases (M. S., J. R.), in whom there was ob- 
served no change in filtration fraction, it seems 
likely that constriction of the afferent arteriole 
took place. The fall in systemic blood pressure 
may have played a part in reducing renal plasma 
flow in patient L. C. 

It is known that histamine ma}' produce vaso- 
constriction of arterioles, but constriction alone, 
wherever it might take place in the kidney, would 
hardly account for the absolute increase in the 
mannitol clearance simultaneous with a fall in 
systemic blood pressure observed in two hj-per- 
tensive patients (I. H. and M. L.). With efferent 
arteriolar constriction, if relaxation of afferent ar- 
teriolar tone or increased permeability of glomcru- 



444 


F. C. REUBI AND P. H. FUTCHER 


TABLE IV 


Jienal extraction of mannitol and para-aminohippurate {PAH) in three subjects before and after injection of histamine 


Subject 

Time 

after 

histamine 
O.S mgm. 

Para-aminohippurate 

Mannitol 

Periplieral 

vein 

level 

Renal 

vein 

level 

Difference 

Extraction 

Peripheral 

vein 

level 

Renal 1 
%'ein i 

level 

! 

Difference i 

i 

Extraction 


minutes 

mgm. per cc. 

mgm. per cc. 

mgm. per cc. 

% 

mgm. per cc. 

mgm. per cc. 

mgm. per cc. \ 

% 

B. C. cf 

Before 

.0314 

.0095 

.0219 

69.8 

1.19 

1.05 

0.14 i 

11.7 

26 yrs. 

6 

.0327 

.0084 

.0243 

74.3 i 

1.22 

1.06 

0.16 

13.1 

Hypertension 

20 

.0311 

.0092 

.0219 

70.5 

1.19 

1.04 

0.15 

12.6 


24 

.0306 

.0084 

.0222 

72.5 

1.18 

1.04 

0.14 

11.9 


42 

.0288 

.0078 

.0210 

73.0 

1.15 

0.95 

0.20 

17.4 

F. C. (S' 

Before 

.0241 

.0014 

.0227 i 

94.0 

1.000 

0.811 

0.189 

18.9' 

31 yrs. 

Before 

.0239 

.0015 

.0224 

93.8 

1.003 

0.841 

0.162 

' 16.2 

Peptic 

3 

.0242 

.0018 

.0224 

92.7 i 

0.979 

0.757 

0.222 

22.7 

ulcer 

9 

.0255 

.0019 

.0236 

92.7 

0.924 

0.750 

0.174 

18.8 


17 

.0249 

.0022 

.0221 

91.3 

0.909 

0.778 

0.131 

14.4 


31 

.0227 

.0017 

.0210 

92.6 

0.897 

0.778 

0.119 

13.3 


45 

.0247 

.0017 

.0230 

93.0 

0.890 

0.745 

0.145 

16.3 

A. B. (S' 

Before 

.0492 

.0095 

.0397 

80.7 

1.37 

1.16 

0.21 

15.3 

44 yrs. 

Before 

.0493 

.0093 

.0400 

81.0 

1.35 

1.17 

0.18 

13.4 

Hypertension 

Before 

.0480 

.0090 

.0390 

81.2 

1.36 

1.13 

0.23 

16.9 


5 

.0514 

.0093 

.0421 

81.8 

1.37 

1.11 

0.26 

19.0 


21 

.0534 

.0105 

.0429 

80.2 

1.42 

1.15 

0.27 

19.0 


37 

.0498 

.0114 

.0384 

77.0 

1.39 

1.16 

t 0.23 

16.5 


lar endothelium did not occur, one would expect 
little change in or a reduction of the filtration rate. 
The occurrence of afferent arteriolar relaxation 
seems to be supported by the experiment on patient 
I. H, presented in Table I. In the third period 
there was no change in the mannitol clearance, 
but blood flow was significantly reduced. This 
finding can be related to efferent arteriolar con- 
striction. After the second injection of histamine 
at the start of the fourth period, however, there 
was a sudden increase in both PAH and mannitol 
clearances, the former reaching its previous level, 
the latter rising markedly above it. As the filtra- 
tion fraction remained practically unchanged con- 
current with these increases, relaxation of afferent 
arterioles can be considered as probably respon- 
sible for this phenomenon. Further evidence in 
favor of this view is found in the values for efferent 
and afferent arteriolar resistance; the former in- 
creased during the third period, the latter decreased 
during the fourth. Change in permeability of 
glomerular endothelium could not of itself account 
for the obser\'ed increase in the PAH clearance. 
As regards possible increased glomerular perme- 
ability, it is of interest that the slight proteinuria 
observed in this patient before histamine was ad- 
ministered did not increase. 


A significant increase in the filtration rate with- 
out simultaneous reduction of renal blood flow was 
also evident in subject M. L. (Figure 2). Here 
again two interpretations are possible — efferent ar- 
teriolar spasm plus afferent relaxation, or increased 
endothelial permeability. The first possibility 
seems to be enhanced by the behavior of efferent 
and afferent resistance, since the former increased 
from 0.0084 mm. of mercury per cc. of plasma per 
minute to 0.0109 and the latter decreased from 
0.0825 to 0.0542. It is worthy of emphasis that 
this absolute increase in the filtration rate did not 
occur in any of our normotensive subjects, sug- 
gesting that the glomerulus of the hypertensive 
kidney may react in a characteristic manner. 

We therefore interpret our data bearing on the 
state of the afferent glomerular artery as indicating 
that in some subjects the administration of hista- 
mine produces constriction, and in others either no 
effect on, or relaxation of, this vessel. Relaxation 
was observed only within the hypertensive group 
of subjects. 

There was no consistently pronounced effect of 
the injection of histamine upon the urine volume. 
Changes in the reabsorption of water seemed to 
occur spontaneously, more or less independently 
of the filtration rate. Data obtained from analysis 
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MINUTES 


Fig, 2. Effect of Histamine upon Renal Function 
OF Hypertensive Subject M. L. 

Abbreviations and units as in Figure 1. Blood pressure 
(BP) expressed as mm. mercury, and urine flow (U) 
as cc. per minute. 

of renal venous blood (Table IV) indicate that the 
extraction of PAH was not reduced after hista- 
mine, so that impairment of tubular function, 
which might explain a fall in PAH clearance, seems 
unlikely. 

Our findings indicate that the kidney of hyper- 
tensive subjects does not appear to be on the whole 
much more sensitive to the action of histamine 
than that of normotensive subjects, at least in this 
small series. Moreover, individual susceptibility 
seems to vary widely. Noteworthy perhaps is the 
different behavior of the afferent arteriolar re- 
sistance in both groups. The average efferent re- 
sistance was increased from 0.0068 to 0.0088 in 
the normotensive and from 0.0155 to 0.0216 in the 
hypertensive subjects. The average afferent re- 
sistance rose after liistamine from 0.020S to 0.0249 
in the normotensive but fell from 0.0995 to 0.087S 
in tiic hypertensive group. This fall is possibly re- 
lated to the fact that Ra is already very’ high in 

the latter group (19). 


It is uncertain whether the observed effects upon 
renal physiology were due to histamine alone, or 
whether the action of epinephrine was involved. 
It is conceivable that in our experiments the ad- 
ministration of histamine, itself possibly inactive 
upon the kidney, induced a response due to adren- 
alin ; such an effect of histamine may occur in pa- 
tients with pheochromocytoma (20, 21). There is 
little doubt that the effects of histamine upon renal 
arteriolar tone are similar in some respects to 
those of epinephrine. 

The reaction of the efferent arteriole to hista- 
mine must be emphasized, as it is elicited in this 
case by a so-called “hypotensive” amine. It ap- 
pears that various drugs are capable of inducing 
an elevation in filtration fraction similar to that 
found persistently in hypertensive subjects.® 

The possibility that histamine may play a part 
in the pathogenesis of glomerular nephritis has al- 
ready been referred to. If the action of hista- 
mine is involved in the etiology of the disease, on 
the basis of our observations it might be expected 
that the filtration fraction would be found to be 
higher than normal. Earle et al. (22), however, 
observed an abnormally low filtration fraction in 
glomerular nephritis. The two patients studied 
by those authors who were in initial stages of their 
disease had manifested symptoms for three and 
five weeks. At this stage alterations of the capil- 
laries may have reduced the “filtering bed.” 
Studies performed during the very first days of 
the disease would provide a more acceptable basis 
for evaluating the possible role of histamine in its 
pathogenesis. 

SUMMARY 

1. The effect of a subcutaneous injection of 
histamine upon renal function was investigated in 
five hypertensive and five normotensive subjects 

®In an additional patient with hypertension studied 
after this work had been completed, a large dose of hista- 
mine {0.5 mgm.) produced a dramatic reaction with pallor 
and palpitation. The filtration fraction decreased horn 
0.256 to 0.100 consequent to a fall in mannitol and an 
elevation in PAH clearance. These findings suggested 
efferent arteriolar rela.xation, or, as the urine flow v.-as 
markedly reduced, a back diffusion of mannitol through 
the tubular walls. Blood pressure was not measured. 
.Although this picture was observed only in one instance, 
it indicates iiow the effects of the same drug may vary 
with the susceptibility of the patient. 
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with the aid of measurements of the mannitol and 
para-aminohippurate clearances . 

2. Four of five hypertensive subjects responded 
with an increase in the filtration fraction and effer- 
ent arteriolar resistance, probably caused by a 
constriction of efferent glomerular arterioles. In 
two of the four patients, this constriction was ac- 
companied either by relaxation of the afferent 
glomerular arteriole (decreased afferent resist- 
ance), or, less likely, by increased glomerular per- 
meability, In the fifth subject there occurred a 
proportional reduction of renal blood flow and fil- 
tration rate in spite of decreased afferent resist- 
ance, probably related to a fall in blood pressure. 

3. In four of five normotensive patients, there 
were observed manifestations of efferent and 
afferent arteriolar constriction. One normotensive 
subject showed no change in renal clearance fol- 
lowing administration of histamine. 

4. Significant changes in the urine volume were 
not regularly observed. 

5. The renal extraction of para-aminohippurate 
did not change after administration of histamine in 
three subjects. 
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A recent review (1) has dealt with previous 
studies of the urinary coproporphyrins, both as 
carried out in this laboratory and elsewhere. The 
purpose of the present series of communications is 
to provide newer data relating to various aspects of 
the coproporphyrin problem. 

It is well known that two of the four copro- 
porphyrin isomers occur in human urine (1). 
These naturally occurring isomers are types I and 
III according to H. Fischer’s classification, as 
based upon the configuration of the four artificial 
aetioporphyrins (2). Apart from the difference 
displayed by the two isomers in ester melting point 
and crystal habitus, a differing physical behavior 
has been described as manifested in their pH 
fluorescence curves. This difference was first 
noted by Hoerburger and Fink (3-5) who at- 
tempted to apply it to the coproporphyrin of nor- 
mal urine. The crystal habitus and pH fluores- 
cence curve of the few crystals which they obtained 
indicated the presence of coproporphyrin I (5). 
A later study by Watson (6) was likewise some- 
what indecisive in that the melting point of the 
crystalline ester was 228° C, that of pure copro- 
porphyrin I methyl ester being 252° C (corrected), 
as contrasted with the varying or dimorphic melt- 
ing point of the esters of coproporphyrin 111 ; 134°, 
142°, 168° (2). The crystal habitus in this study 
also, was that of the type I isomer, and it was there- 
fore concluded that in the urine employed, which 
was from one normal individual, the preponderant 
coproporphyrin was type I. At the same time it 
was believed that a small amount of the type III 
Jsomer was present, since a few rosettes of prisms 
having the type III habitus were obtained from the 
mother liquor. The weighed peld of crystals in 

’ Aided by grants from the John and Mary R. Markle 

oundation, New York City, and from the Medical Re- 
search Fund of the Graduate School, University of Min- 
nesota, Minneapolis. 


this study was 0.13 mgm., obtained from 33 liters 
of urine. This had seemed a fair sized undertak- 
ing, but it was dwarfed by the subsequent investi- 
gation of Grotepass (7), in which 10,000 liters of 
presumably normal human urine were worked up 
with a yield of ca. 200 mgm. of crystalline copro- 
porphyrin ester. Grotepass’ method was to adsorb 
the porphyrin on infusorial earth, large containers 
being employed into which many individuals passed 
their urine, the urine simply being decanted after 
a period of contact with the earth. The porphyrin 
which was isolated after subsequent purification 
and fractional crystallization was found to con- 
sist of about equal parts of type I and III isomers, 
and it was therefore concluded that the normal 
urinary coproporphyrin consists of approximately 
equal parts of the two types. Certain reservations 
regarding this conclusion will be discussed sub- 
sequently. 

During the past nine years studies have been in 
progress which were designed to provide a 
method of isomer analysis applicable to a small 
volume of urine and by means of which it would 
be possible to make a systematic study of the uri- 
nary coproporphyrin isomer excretion without re- 
course to isolation of the crystalline esters, A mul- 
titude of possibilities were explored relating in the 
main to differential solubilities, such as that of 
the methyl esters in cold methyl alcohol (8) or ab- 
solute ethyl ether (9), also to differential chro- 
matographic behavior with various solvents and 
adsorbents. It was previously reported (10) that 
pure coproporphyrin III methyl ester was readily 
eluted from aluminum oxide (Brockmann) by 
30 % aqueous acetone, while the tv'pe I ester re- 
mains adsorbed, being eluted with pure acetone. 
After extensive preliminary purification this 
method was applicable only to the porphyrin from 
certain urine samples. A great many alternative 
preliminary treatments were tried in the hope that 
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one might be found which would be uniformly ap- 
plicable, but none were satisfactory. During these 
investigations, however, a new difference in physi- 
cal behavior was discovered, i.e., that the red 
fluorescence in ultraviolet light exhibited by the 
type I methyl ester rapidly disappears in 30-35% 
aqueous acetone, in the cold, while that of the type 
III ester persists (11). This phenomenon has 
been shown to be due to a differential rate of pre- 
cipitation ( 12) . It has been made the basis of two 
alternative procedures for analysis of isomer distri- 
bution, A and B, which have been described in de- 
tail in separate communications (11, 12). 

In the present study these procedures have been 
applied to a series of 24 hour urine samples from 
presumably normal healthy adults, in order to de- 
termine both total coproporphyrin and isomer per- 
centage. 

MATERIAL AND METHODS 

Twenty-four hour urine samples were studied from 53 
individuals. Thirty of these ranged in age from 19-30, 
ten from 30-64, and 13 from 65-86. Twenty-eight were 
males and 25 were females. Those between 19 and 30 
in age were medical students, interns, technicians and 
physicians. Some of these undoubtedly had mild chemical 
exposure of the type encountered in a routine clinical lab- 
oratory, plus in a few instances, fumes of petroleum 
ether, ethyl ether, chloroform, and benzene, but in no 
instance was this believed to be of consequence. So far 
as can be determined, heavy metal exposure and alco- 
holism were excluded in the entire group, and there was 
no history of any chemical exposure in the older members 
of the group. The 24 hour urine samples were collected 
in large bottles without preservative. 

Twenty-four hour urine samples were also collected 
from two groups of students in the Divinity School of the 
University of Chicago, the first a group of nine during 
May 1946, the second a different group of ten individuals 
during February 1948.2 Total coproporphyrin concentra- 
tion and isomer distribution were likewise determined for 
each of these samples. 

The method employed for the quantitative determina- 
tion of the total coproporphyrin and isomer percentage 
has been described in detail elsewhere (12). Procedure 
A of the two alternative procedures, was used in the first 
30 instances (individuals from 19 to 30 years of age). 
In addition procedure B was applied to aliquots of the 
same 24 hour urines from 18 of these individuals. Pro- 
cedure B is somewhat simpler and less liable to error 
than A. Repeated determinations carried out on the same 

2 We are indebted to Miss Elaine Katz of the Argonne 
National Laboratory, Cliicago, for obtaining and sending 
us these samples. 


urine samples with tlie two procedures, have shown ex- 
cellent agreement, as will be evident from data presented 
below. 

As noted in an earlier paper (12), the fluorescence 
measurements have been made in a Klett fluorophotom- 
eter, using a fluorescein solution for the balanced photo 
cell. In this paper a typographical error unnoticed in 
correction of the proof, indicates that the fluorescein con- 
centration is 3 Gm.%, whereas the correct value is a 
3 mgm.%. This is an arbitrary concentration in any 
event which would have to be calibrated for any given 
instrument, against known concentrations of pure copro- 
porphyrin. 

Recently one of us (S.S.) has devised a simpler method 
for determination of the total urinary coproporphyrin, ap- 
plicable to 5 cc. of urine. The results obtained with this 
procedure indicate that the true values for the UCP are 
approximately 20% higher than those obtained with the 
method (12) employed in the present study. This work 
will be described in a separate communication. 

RESULTS 

The results of the duplicate determinations with 
procedures A and B are given in Table I. From 
this it is evident that the two procedures are in 
good agreement. 

TABLE I 

Duplicate determinations with procedures A and B 


No. 

% type III by 
Procedure A 

% type III by 
Procedure B 

1 

9 

10 

2 

15 

16 

3 

10 

12 

4 

30 

27 

5 

28 

30 

6 

18 

18 

7 

17 

17 

8 

31 

30 

9 

30 

29 

10 

34 

36 

11 

20 

21 

12 

20 

■ 20 

13 

10 

12 

14 

18 

20 

15 

15 

13 

16 

22 

22 

17 

8 

7 

18 

23 

22 


The data for the 53 individuals are given in 
Table II. As will be noted this table includes the 
values for the total urinary coproporphyrin (UCP) 
and the percentage of the two isomers. The fre- 
quency distribution of the UCP, and of each of the 
isomers, I and III, is shown in Figure 1. 

The data for the Chicago Divinity students are 
given in Table III. 
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TABLE II 


Total UCP and isomer distribution in 53 normal subjects 


No. 1 

Sex 

Age 

Occupation 

Total 

UCP 

% type 

I 

%Wpe 

1 

M 

21 

Med. student 

y}24 hrs. 
80 

91 

9 

2 

M 

22 

Med. student 

38 

85 

15 

3 

M 

20 

Med. student 

85 

90 

10 

4 

M 

23 

Med. student 

69 

70 

30 

5 

M 

22 

Med. student 

57 

72 

28 

6 

M 

22 

Med. student 

45 

82 

18 

7 

M. 

21 

Med. student 

42 

83 

17 

8 

M 

21 

Med. student 

63 

69 

31 

9 

M 

22 

Med. student 

74 

70 

30 

10 

M 

25 

Pre-Med. student 

63 

66 

34 

11 

F 

22 

Med. student 

25 

80 

20 

12 

F 

21 

Med. technician 

46 

80 

20 

13 

F 

22 

Med. technician 

58 

83 

17 

14 

F 

28 

Med. technician 

63 

79 

21 

IS 

F 

19 

Nurse 

25 

79 

21 

16 

F 

25 

Med. technician 

99 

90 

10 

17 

F 

20 

Med. technician 

69 

82 

18 

18 

F 

22 

Med. technician 

70 

85 

15 

19 

F 

22 

Med. technician 

75 

78 

22 

20 

F 

20 

Med. technician 

59 

92 

8 

21 

F 

20 

Med. technician 

73 

77 

23 

22 

M 

25 

Med. student 

93 

65 

35 

23 

M 

23 

Med. student 

65 

91 

9 

24 

M 

23 

Med. student 

17 

92 

8 

25 

M 

23 

Med. student 

38 

80 

20 

26 

M 

27 

Med. student 

79 

87 

13 

27 

M 

27 

Med. student 

1 49 

78 

22 

28' 

M 

23 

Med. student 

52 

81 

19 

29 

F 

22 

Student 

43 

78 

22 

30 

F 

30 

Nurse 

28 

82 

18 

31 

F 

59 

Housewife * 

26 

79 ! 

21 

32 

M 

62 ' 

PatholoRist 

90 

70 

30 

33 

M 

57 

Pathologist 

28 

78 

22 

34 

F 

45 

Housewife 

58 

80 

20 

33 

F 

52 

Housewife 

76 

62 

38 

36 

M 

70 

Businessman 

67 

60 

40 

37 

F 

65 

Housewife 

79 

62 

38 

38 

F 

40 

Teacher 

45 

84 

16 

39 

F 

38 

Housewife 

40 

80 

20 

40 

M 

42 

Businessman 

50 

82 

18 

41 

F 

33 

Librarian 

65 

71 

29 

42 

F 

30 

Nurse 

41 

68 

32 

43 

F 

82 

Old people’s home 
Old people’s home 
Old people’s home 
Old people’s home 
Old people’s home 
Old people’s home 
Old people’s home 

56 

62 

38 

44 

M 

69 

66 

48 

52 

45 

M 

86 

37 

72 

28 

46 

F 

73 

36 

68 

32 

47 

F 

75 

25 

58 

42 

48 

M 

84 

90 

63 

37 

49 

F 

78 

36 

54 

46 

50 

M 

82 

Old people’s home 
Old people’s home 
Old people’s home 
Old people’s home 

36 

66 

34 

51 

M 

79 

62 

73 

27 

5^ 

M 

86 

43 

59 

41 

S3 

M 

82 

28 

84 

16 

— 








DISCUSSION 

The present results are in accord with the ear- 
lier indications of Hoerburger and Fink (3, 4), 
und of Watson (6) that the type I isomer is pre- 


TABLE III 

Total coproporphyrin and isomer distribution in 24 hour 
urine samples from Divinity students 


Group 1. May 1946 


Group 2. 

Feb. 1948 

No. 

Total 

UCP 

% 

type 

I 

% 

type 
III ! 

1 

No. 

Total 

UCP 

% 

type 

I 

% 

type 

III 


■y 124 hrs. 


1 

1 


y/24 hrs. , 



1 

40 

18 

82 

1 

80 

82 

18 

2 

110 

21 

79 

2 

54 

88 1 

12 

3 

71 

24 

76 

3 

60 

78 

22 

4 

88 

20 

80 

4 

46 

79 

21 

5 

76 

42 

58 

5 

68 

85 

IS 

6 

87 

32 

68 

6 

48 

82 

18 

7 

47 

26 

74 

7 

126 

56 

44 

8 

13 

22 

78 

8 

40 

84 

16 

9 

56 

23 

77 

9 

25 

82 

18 





10 

55 

69 

31 





i" 


i 

22 


ponderant in normal human urine. They do not 
support Grotepass’ conclusion (7) that the type 
III isomer composes approximately half of the 
normal urinary coproporphyrin. As pointed out 
by Dobriner and Rhoads (13), Grotepass’ study 
is subject to the criticism that if but one abnormal 
individual contributed to the pooled urine which 
he studied, an erroneous conclusion might easily 
have been drawn with respect to the entire group. 
In a later paper of this series two cases will be de- 
scribed in some detail in which a latent, entirely 
symptomless, idiopathic coproporphyrinuria exists. 
These individuals’ 24 hour urines usually contain 
1—4 mgm. of coproporphyrin III. Similarly, an in- 
dividual with latent plumbism excretes markedly 
increased amounts of coproporphyrin III, not in- 
frequently ranging from 0.5 to 1.5 mgm./day.^ 
Thus, in a study of the type conducted by Grotepass, 
it is evident that a considerable error might be in- 
troduced by a relatively small contribution of urine 
from one or more individuals with latent or unrec- 
ognized abnormality. Nevertheless, a “geochemi- 
cal” difference must also be considered and, in 
fact, the recent study by Schwartz and his associ- 
ates (14) in Chicago offers support for such a pos- 
sibility. In this study the urines of a “control” or 
supposedly normal group of individuals were 
regularly found to contain more than SO*)! of the 
type III isomer, usually from 60 to 85^1. It was 
at first believed that this might be accounted for 
by occupational chemical or heavy metal exposure, 

-Unpublished data. 
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Frequency OistrlbuKon for Total UCP and Isomers I and III 
in 53 Normal Subjects 



or use of alcohol, but later members of the group 
who exhibited the same increases of the type III 
isomer were students in the Divinity School who 
had no known exposure to metals or chemicals 
which might produce abnormality. 

In order to be doubly certain on this point, 
samples were collected in May 1946, from a group 
of nine of these students (Group 1 in Table III), 
and were sent to this laboratory for the isomer 
analysis with the results which have been given in 
Table III. These may be contrasted with data ob- 
tained in February 1948, from another group of 
11 students at the same school. Unfortunately, it 
was not possible to obtain samples again from any 
of the individuals of the 1946 study. There is 
every reason to assume, however, that the habits 
and environment of the two groups were essenti- 
ally the same. The only known difference of pos- 
sible significance was the installation of a new city 
water filtration system for that area of Chicago, 
early in 1947. Thus there is the possibility that a 
change in water supply was responsible for the 
rather striking reversal in isomer- ratio noted in 
Table III. Other possibilities, however, are not 


excluded, and further studies in other areas, both 
urban and rural, would be of interest with relation 
to such factors as water supply, air contamination 
and occupational or environmental chemical ex- 
posure. 

In the meanwhile it is evident from the present 
data that a preponderance of the type I isomer is 
characteristic of normal adults in the Minneapolis 
area. It is believed that this should be regarded 
as the norm, since it is well established that heavy 
metal or chemical intoxication even though of 
such mild degree as to be symptomless, neverthe^ 
less causes significant increases of the type III 
isomer. This will be considered in a subsequent 
paper, in relation to the effect of alcoholism. The 
phenomenon of reversal of the isomer ratio within 
a normal total value, has been noted in certain of 
the “control” personnel studied by Schwartz and 
associates (14). The relative or even absolute de- 
crease of type I isomer in these instances points to 
a closer relationship between the two isomers than 
hitherto entertained. Although not necessarily 
reciprocal, the relationship appears to be one of a 
balanced production normally favoring type I, but 
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easily upset in favor of type III by chemicals, 
metals and possibly other factors which will be 
discussed in subsequent papers. 

In so far as the study of any given individual 
or group of cases in one area is concerned, it is 
recognized that before conclusions could- be drawn 
as to the significance of reversal of the isomer ra- 
tio, it would be necessary to establish the ratio for 
presumably normal individuals in that area. With 
the method used (12), it is believed that where in- 
creases above a total of 100 y are encountered, val- 
ues of 40% or more of type III isomer may prob- 
ably be regarded as abnormal even though control 
data for that area are not available. 

In animal studies it is likewise possible that local 
differences will be found to prevail. Our own ob- 
servations (in both Minneapolis and Chicago) 
have thus far indicated that the type III isomer 
comprises about 80% of the total in urine from 
healthy rabbits, and about 50% from that of 
healthy dogs. Whether this higher ratio of type 
III is due to metal or chemical contamination of 
the diet, as for example, from the cages, has not 
been determined. 

SUMMARY AND CONCLUSIONS 

1. The total urinary coproporphyrin (UCP) 
and the isomer distribution have been studied by 
means of the differential precipitation, or “fluores- 
cence quenching” method, in 24 hour urine sam- 
ples of 53 presumably normal adult humans of 
both sexes, living in Minneapolis and ranging in 
age from 18 to 86. 

2. The UCP in this group ranged from 17 to 
99y/24hrs., with an average of 55.2 :±: 2.87y. 

3. The percentage of type III isomer was 40 or 

higher in five of the 53 individuals. In three of 
these it was from 46 to 52%. In 48 it was less than 
40% and of these, 43 were below 35%. In terms 
of gamma/day the type III isomer ranged from 1.3 
fo 34.4, with an average of 14 1.14y. 

Tlie tjpe I values ranged from 14.5 — 89.1y 
with an average of 42 2.1y. 

4. Twenty male Divinity students, living in the 
area of the Universitj’ of Chicago, were also stud- 
ied as to total UCP excretion and isomer distribu- 
f'on. Samples from the first group of nine were 


obtained in May 1946. These contained from 58 
to 82% of type III isomer within a normal value 
for total UCP. The second group of 11 was stud- 
ied in February 1948; in these the range was 56 to 
88% of type I isomer. The possibility is con- 
sidered that a change in the water supply in 1947 
may explain the return to the normal ratio. 
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Stokvis (1) advanced the idea that blood in 
the intestinal tract was the source of the urinary 
porphyrin. Schumm (2) also held this belief. Sub- 
sequent studies, notably those of Fischer and Hil- 
mer (3), Brugsch (4, 5), and Kaunitz (6) indi- 
cated that a variable fraction of the urinary copro- 
porphyrin was thus derived. The presence of a 
porphyrin in meconium (2, 7, 8), later identified 
by Waldenstrom as coproporphyrin I (9), to- 
gether with a number of other evidences of an en- 
dogenous formation, which are discussed in de- 
tail in recent reviews (10, 11), have made it rea- 
sonably clear that at most not more than a certain 
fraction of the urinary coproporphyrin (UCP) 
could be regarded as originating in the intestinal 
tract. The purpose of the present investigation 
was to obtain more definite information as to the 
size of this fraction, under various experimental 
and clinical conditions. It was also determined 
to study the relative percentage of coproporphyrin 
isomers composing any increases which might be 
observed, since previous studies bearing on these 
questions had dealt only with the total copro- 
porphyrin.- It was conceivable on a priori reason- 
ing, that any one or a combination of the following 
might alter the total coproporphyrin concentration 
or the isomer distribution in the urine : 

(1) A formation of coproporphyrin III from 
hemoglobin, by the bacterial flora of the colon, 
with reabsorption and excretion in the urine. 
Jakob (12) showed that pure cultures of E. coli 
produce small amounts of coproporphyrin III in 
the presence of hemoglobin. Snapper (13-15) 

1 Aided by grants from the John and Mary R. Markle 
Foundation, New York Cit}-, and the Medical Research 
Fund of the Graduate School, University of Minnesota, 
Minneapolis. 

- A portion of this study was included in a thesis sub- 
mitted (by E. A. L.) in partial fulfillment of the require- 
ments for the Ph.D. degree, University of Minnesota. 


had previously shown that hemoglobin is converted 
in small part to protoporphyrin in the colon, and 
Kammerer (16) ascribed its formation to a sym- 
biotic activity of the bacterial flora. Hill and 
Holden (17) showed, however, that pure cul- 
tures of E. coli liberated free protoporphyrin from 
hemoglobin ; this was confirmed by van den Bergh 
and co-workers (18). No direct evidence has 
been described, however, for the intestinal forma- 
tion 'of coproporphyrin III from hemoglobin, al- 
though the above-mentioned w'ork of Jakob’s sug- 
gested that this might take place. In a previous 
study (19), it was shown that in the presence of 
complete biliary obstruction due to cancer, copro- 
porphyrin could not be demonstrated in the acholic 
feces even when there was bleeding into the upper 
gastrointestinal tract. This observation does not 
favor an origin from hemoglobin in the bowel, but 
the possibility could not be excluded that copro- 
porphyrin thus formed had been entirely reab- 
sorbed, 

(2) A formation of coproporphyrin, either I 
or III, as an independent bacterial synthesis in 
the absence of hemoglobin. Fischer and co-work- 
ers (3, 20) demonstrated that yeast cells under- 
going autolysis, synthesize coproporphyrin I. 
Kench and Wilkinson (21) have recently shown 
that yeast cells elaborate both isomers, the pre- 
ponderance depending on the conditions of the 
culture. Coulter and Stone (22) found that diph- 
theria bacilli in broth cultures form coproporphyrin 
in an amount roughly proportional to that of the 
toxin produced. Gray and Holt (23) have re- 
cently demonstrated that this is the type III iso- 
mer and that it is formed in relatively large amount 
under suitable conditions of growth. All of these 
observ'ations suggested that the bacterial flora of 
the human colon might, at least under certain cir- 
cumstances, produce either coproporphyrin I or 
III, and, if it were absorbed, might thus bring 
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about an increased urinary excretion of the corre- 
sponding isomer, von Mallinkrodt-Haupt (24) has, 
in fact, postulated that the urinary coproporphyrin 
is wholly related to the bacterial flora in the colon, 
and that the increases described in pernicious ane- 
mia are related to the effect of achylia in altering 
the flora. It will be seen subsequently that the evi- 
dence in favor of this theory is indeed very meager. 

(3) The further possibility had to be considered 
that liver function plays an important role with re- 
spect to coproporphyrin I or III, which might orig- 
inate in the intestinal tract whether from hemo- 
globin or bacterial metabolism. Kaunitz’ study 
(6) suggested that coproporphyrin is absorbed 
from the intestine but that it does not appear in the 
urine in appreciable amount unless there is as- 
sociated liver functional impairment. Thus, after 
oral administration of 20 Gm. doses of crystal- 
line hemoglobin, significant increases of urinary 
coproporphyrin were observed only in cases of 
liver disease, or in instances where liver injury 
was postulated as a result of severe anemia or 
toxemia. Kaunitz assumed but did not prove that 


the increases which he noted were composed of 
type III isomer, derived from the fed hemoglobin. 
Kaunitz (6) and Boas (25, 26) described increases 
of urinary coproporphyrin following gastrointes- 
tinal bleeding due to peptic ulcer or malignancy. 
This increase was likewise assumed to be composed 
of the type III isomer, although it was not iso- 
lated. There is also the possibility that some de- 
gree of liver functional impairment had occurred 
with resultant increase of type I rather than type 
III, an association which has been discussed pre- 
viously (11), and in favor of which there is abun- 
dant evidence in the literature (5, 10, 27-29). It 
seems less probable, however, that this factor 
would be important after the simple ingestion of 
blood by normal individuals, which was reported 
by Schumm (2), and Fischer (3) to be followed 
by an increased urinary coproporphyrin of un- 
determined type. This was not confirmed by other 
investigators (14, 15, 30, 31), nor were Borst and 
Konigsdorffer (32) able to detect the appearance 
of any porphyrin in the blood plasma after in- 
gestion of coproporphyrin. 
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MATERIAL AND METHODS 

In view of the above considerations, the present study 
was planned as outlined in the following ; 

I. Studies on dogs. ' 

A. Feeding of blood — ^two dogs. 

B. Feeding of raw meat— tv;o dogs. 

II. Studies on human subjects. 

A. Cases having blood in the gastrointestinal tract 

due either to hemorrhage or to feeding of 
blood: 

Hemorrhagic gastritis, one case; malnutrition, 
one case; hepatic gumma, one case; bacterial 
endocarditis, one case ; cholecystitis and chole- 
lithiasis, three cases; infectious hepatitis (re- 
covery phase) , one case ; carcinoma of head of 
pancreas, one case; cirrhosis and chronic al- 
coholism, two cases; idiopathic cirrhosis, one 
case. 

B. Feeding of crystalline coproporphyrins: 

1) Type III isomer — 3-5 mgm. orally. 

Bacterial endocarditis, one case; cholecystitis 

and cholelithiasis, one case; acute alcohol- 
ism, one case; active duodenal ulcer with- 
out hemorrhage, one case; cirrhosis and 
chronic alcoholism, one case. 

2) Type I isomer— 3 mgm. orally. 

Cirrhosis and chronic alcoholism, one case. 


The method used for determining coproporphyrin in the 
urine, both total and isomer distribution, was that ol 
Schwartz and co-workers (33). The method for the 
feces was that described by Watson and Layne (34). 
This is not an exact procedure but permits a rough 
approximation of the three main types of porphyrins 
'found in the feces: 1) coproporphyrin, 2) protoporphyrin, 

3) deutero- and the pseudo-deuteroporphyrins (19). The 
animals used were shepherd dogs, weighing 20-30 pounds, 
housed in standard metabolism cages which were so con- 
structed that the urine could be collected quantitatively 
under a small amount of toluene preservative. During 
the control period, one dog was maintained on a strict 
milk diet, productive of marked constipation, the other on 
a diet of “kibbled dog food” and milk, with which the 
bowel movements were normal. The urine coproporphy- 
rin determination was carried out every two days. As 
mentioned previously, coproporphyrin does not deteriorate 
significantly in this period of time. In the human experi- 
ments determinations were made on 24 hour samples of 
urine. The feces porphyrins in both dogs and humafis 
were determined on four-day collections. Urobilinogen 
was determined by Watson's modification (35) of Ter- 
wen’s method (36). Porphyrin isolations and melting 
point determinations were carried out according to pre- 
viously described methods (19, 37, 38, 39). The total 
heme- pigments of the feces were determined by the 
method of Flink and Watson (40). The crystalline 
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coproporphyrins were fed as the hydrochlorides in a 
weakly acid solution. The diet was meat-free only in the 
cases indicated in Table I. 

E. coU, Acrobacter aerogenes, Pseudomonas aeruginosa, 
and, in one instance, an inoculum of feces were utilized in 
studies of the in viiro synthesis of porphyrin by bacteria. 
The media employed were nutrient broth and tryptose 
roth, the same media with Sfo citrated human blood 
^ded, and a synthetic medium of the Gladstone type. 
The periods of growth are indicated in Table II. The 
method of porphyrin extraction and separation in these 
^periments was similar to that used for the feces, save 
lor the preliminary acetic ether extract of the liquid 
media. A spcctrophotomctric method was used in at- 
cmpting to demonstrate heme pigments in plain broth 


RESULTS 

Dog No. 1 (strict milk diet) excreted more 
Wnary and less fecal coproporphyrin than dog 
^ 0 . 2 (“kibbled” dog food and milk) (Figure 1). 
n being changed from a milk diet to a diet of 


"kibbled” dog food and milk, dog No. 1 showed a 
significant alteration in porphyrin excretion, i.e., 
a decrease in urine and an increase in the feces. 
The total ampunt excreted, however, remained 
approximately the same (Figure 2). This inter- 
esting change will be considered subsequently. 
The porphyrin excretion by dogs No. 1 and No. 2 
following the feeding of blood and of raw, red meat 
is shown in Figures 3 and 4. No significant in- 
creases in the UCP were obsen'ed after feeding 
blood (Figure 3). 

Figure 4, which shows the effect of feeding 
washed, raw, red meat to dog No. 2, is also be- 
lieved to be representative of experience gained in 
another similar study. At first glance, it might 
appear that the dog excreted increased amounts 
of urinary porphyrin following addition of meat 
to tlie diet. However, this increase was indeed 
slight and was maintained long after the meat was 
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Dog No. 2; diet — “kibbled” dog food and milk. 

discontinued ; this may represent nothing more liquor following crystallization of the type I isomer, 
than a normal variation in excretion by the ani- but further crystallization could not be effected, 
mal, a finding repeatedly demonstrated during the Figures 5, 6, and 7 show the results of studies 
course of the dog experiments. Furthermore, the on several human subjects following the feeding 
coproporphyrin methyl ester isolated from the of hemoglobin, coproporphyrin III, and in one in- 
urine during the control period and during meat stance, coproporphyrin I (Figure 5). Except 
feeding melted at 246° C. Since this is the type I where otherwise indicated, the studies were con- 
isomer, it appears unlikely that any appreciable in- ducted in consecutive four-day periods. The 
crease had been derived from the heme pigments results of studies on a 59 year old patient having 
of the fed meat. The findings in the feces of the outspoken evidence of cirrhosis and severe hepatic 
two dogs following the feeding of both blood and functional impairment associated with chronic al- 
raw meat, of which Figures 3 and 4 are repre- coholism and dietary deficiency, are shown in 
sentative, were quite similar. Increases in all Figure 5. Although the average excretion of uri- 
three fractions were observ'ed. The copropor- nary porphyrin is slightly greater after the feeding 
phyrin of the feces after meat feeding was identi- of hemoglobin, the occurrence of gross variations 
fied as the type I isomer in dog No. 2. The pres- during the control period and in previous untabu- 
ence of small amounts of coproporphyrin III was lated determinations, minimizes the significance of 
strongly suggested by a highly colored mother 'this increase. Moreover, the unexplained decrease 
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in the next four-day period, following the feeding 
of 5 mgm. of coproporphyrin III, is probably a 
further coincidental variation in excretion. The 
low values after 3 mgm. of coproporphyrin I were 
obtained during a later period, when the average 
urinary excretion was appreciably lower than that 
observed early in the patient’s hospital course. 
Of principal importance is the fact that during 
both feeding experiments, approximately all of the 
fed coproporphyrin appeared in the feces and there 
was no increase in the urine. In one instance 
after the feeding of coroporphyrin III, the same 
isomer was easily crystallized and identified from 
the feces. Figure 6 shows the results of studies 
on a 62 year old woman with a high-grade biliary 
obstruction due to an impacted common duct stone. 
An increase in the urinary porphyrin excretion 
was observed on the third day following hemo- 
globin feeding, but during the corresponding four- 
day period, there was a diminished fecal copro- 
porphyrin excretion, suggesting an increased ob- 


struction to bile flow. There was no increase in 
urinary porphyrin excretion following the feeding 
of coproporphyrin III, most of which was ac- 
counted for in the feces. Further data on jaun- 
diced subjects are shown in Figure 7: Case 12 
(cirrhosis). Case 13 (calculus obstruction), and 
Case 14 (carcinomatous obstruction). The re- 
sults of additional case studies are listed in Table 
I. 

Case 2 (Table I) requires further explanation. 
This individual had taken alcohol rather continu- 
ously until the hour of admission in spite of epi- 
gastric pain and moderate hematemesis. The diet 
had been deficient for a matter of months prior to 
this time. The results of the study appear to indi- 
cate that significantly larger amounts of copro- 
porphyrin were excreted in the urine while blood 
was present in the bowel. However, the “control” 
study, following cessation of bleeding, was con- 
ducted eight days later, when the patient was in a 
far better nutritional state and had not been drink- 
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ing. The effect of acute alcoholism upon the uri- 
nary porphyrin excretion is shown in Case 7, 
Table I, and will be discussed in detail in a subse- 
quent paper of this series. 

The results of studies of the synthesis of por- 
phyrins by bacteria are shown in Table II. 

DISCUSSION 

The results of the studies on dogs maintained on 
different diets appear to permit either of two 
interpretations: (I) That the constipating effect 
of a milk diet promotes absorption of coproporphy- 
rin from the bowel and consequent increase in 
urinary excretion ; or (2) That the excretory func- 
tion of the liver is relatively sluggish on a milk diet 
with the result that a larger fraction of the total 
appears in the urine. Since it would appear that 
a normal liver might be expected to handle the in- 
crement of coproporphyrin which an enterohepatic 
circulation due to constipation might conceivably 


provide, we are inclined to favor the second of 
these two interpretations. It is quite possible that 
the bile flow is a major factor in the difference 
between the two diets; there is reason to believe 
that less bile would be formed on the milk diet 
alone because of its relatively higher carbohydrate, 
and lower protein content (3.5% as against 
22.5%), and hence that less coproporphyrin might 
be excreted by the liver. 

No conclusive evidence was obtained in the dogs 
of a process of reabsorption and increased excre- 
tion of coproporphyrin in the urine following the 
feeding of blood or meat. The increase of fecal 
coproprophyrin excretion observed in each ani- 
mal in these experiments is probably related to an 
increased flow of bile, although a bacterial syn- 
thesis cannot be excluded. The finding that this 
increase is represented by the type I rather than 
the type III isomer favors the former rather than 
the latter possibility, since the coproporphyrin of 
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the bile has been shown to be type I, while the pre- 
existing evidence and that furnished by the present 
study indicate that bacteria elaborate type III. 

The more detailed studies in human subjects 
also fail to furnish any conclusive evidence for a 
reabsorption of porphyrin from the bowel follow- 
ing the feeding of blood, regardless of the state of- 
liver function. Moreover, the excretion of urinary 
porphyrin after the feeding of coproporphyrin III 
in five instances and of the type I isomer in one in- 
stance actually provides significant evidence to the 
contrary. Although these findings are at variance 
with those of Kaunitz and others after the feeding 
of hemoglobin or blood (3, 6) and coproporphyrin 
I (3), they are strongly supported in the present 


investigation by the observation that the relative 
percentages of isomer types did not change. This 
finding practically excludes any appreciable con- 
tribution to the UCP of fed protoporphyrin type 
III (hemoglobin) or coproporphyrin III and I. 
Any increase in urinary coproporphyrin excretion 
following the feeding of either porphyrin would 
necessarily be of the same t)?pe. This assumption 
is based on chemical evidence that a transforma- 
tion of one type of isomer to another would entail 
a disruption and complete resynthesis of the mole- 
cule. Although quantitative recoveries were sel- 
dom attained, it was obvious that the bulk of the 
fed porphyrin could be found in the following four- 
day collection of feces. 
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TABLE IT 

Observations on the bacterial synthesis of porphyrins 


Organism 

Culture 

medium 

Days 

cul- 

tured 

Type 
por- 1 
phyrin 

Amount 

in 

gamma | 

Isomers 

B. coli t 

Plain 

Broth 

IS 

Copro- 1 

Proto- 

Deutero- 

3S/S00 cc. 1 
Trace 

Neg. 

1=15% 
III =85% 

Blood 

Broth 

IS 

Copro- 

Proto- 

Deutero- 

IS/SOO cc.* 
Trace 

Neg. 

1= 9% 
111=91% 

Aerobacter 
aerogenes t 

Plain 

Broth 

14 

Copro- 

Proto- 

Deutero- 

38/SOO cc. 

7/SOO cc. 
Neg. 

1=14% 

111=86% 

Blood 

Broth 

14 

Copro- 

Proto- 

Deutero- 

34/SOO cc. 
16/SOO cc. 
Neg. 

1=11% 

111=89% 

Pseudomonas 
aeruginosa t 

Tryptose 

Broth 

12 

Copro- 

Proto- 

Deutero- 

31/100 cc. 
28/100 cc. 
Neg. 

1=27% 

111=73% 

Tryptose 

Blood 

Broth 

12 

Copro- 

Proto- 

Deutero- 

42/100 cc. 
38/100 cc. 
Neg. 

1=17% 
III =83% 

Feces 

Synthetic 

11 

None 

None/SOO cc. 


Pseudomonas 
aeruginosa t 

Synthetic 

11 

None 

None/SOO cc. 


Pseudomonas 1 
aeruginosa t 

Synthetic 

11 

None 

None/SOO cc. 



Heme compounds not demonstrable in 200 cc. of plain 
broth after extraction and eight-fold concentration (40), 

* An_ estimated half of the total porphyrin lost during 
extraction. 

t Inoculated organism recovered in pure culture at end 
of experiment. 

The increases in UCP observed in the cases of 
alcoholism included in the present study, are con- 
sistent with the usual finding in acute alcoholism 
of distinct increases of coproporphyrin III, suffi- 
cient as a rule to elevate the UCP value into the 
range of 120-500y/day. This will be considered 
in detail in a subsequent paper of this series. The 
regular increases in alcoholics not having blood in 
the intestinal tract, obviate the need of ascribing to 
such a source the increase observed in the cases of 
hemorrhagic (alcoholic) gastritis included in the 
present study. 

Previous investigators (3, 6) have utilized a 
diet low in protoporphyrin content as a prerequi- 
site to the demonstration of reabsorption of por- 
phyrin from the bowel after the feeding of blood 
or porphyrin. Wherever it was feasible clinically, 
this plan was followed in the present investigation, 
in spite of which, the results in the studies on hu- 
mans do not indicate any differences in urinary 
porphyrin excretion which might he attributed to 
the diet. 

Just as in the dog experiments, increases of 
fecal coproporphyrin excretion were almost in- 


variably observed following the feeding of blood to 
humans. One notable exception occurred in the 
case of high-grade biliary obstruction (Figure 6) 
which suggests that the elevations in the other in- 
stances were on the basis of increased flow of bile 
into the intestine. However, an alteration of the 
bacterial flora and consequently of bacterial syn- 
thesis of porphyrin, due to the exclusion of bile 
from the intestine, cannot be excluded. In this 
connection, it is of interest that preliminary stud- 
ies have failed to reveal any effect of aureomycin, 
given orally, on the UCP. It is known that 
aureomycin markedly inhibits the bacterial flora of 
the colon, especially E. coli. 

In the studies on bacteria, pure cultures of sev- 
eral organisms in broth media were found capable 
of synthesizing both coproporphyrin and proto- 
porphyrin. In contrast to the results of previous 
studies (17, 18), relatively little protoporphyrin 
was recovered from the culture of E. coli in a me- 
dium containing blood. The explanation may lie 
in the much larger amount of hemoglobin which 
was exposed to bacterial action in the previous 
studies ; it is also possible that the longer period of 
culture in the present study resulted in degradation 
and disappearance of an undetermined fraction of 
the protoporphyrin. The synthesis progressed 
despite the absence of demonstrable heme com- 
pounds, lending support to recent tracer studies 
which indicate that this process proceeds from 
simple precursor molecules such as acetate and 
glycine (41, 42). 

SUMMARY AND CONCLUSIONS 

1. Studies in dogs have shown that a milk diet 
is associated with a higher urinary and lower fecal 
coproporphyrin excretion than a diet composed of 
milk and prepared (kibbled) dog food. The total 
amount of coproporphyrin excreted is approxi- 
mately the same, and the interpretation is favored 
that the hepatic coproporphyrin excretory function 
or the bile flow, or both, are relatively diminished 
on a milk diet. 

2. No evidence was obtained either in dogs or 
humans, with normal or impaired liver function, 
of an absorption of coproporphyrin from the in- 
testine and excretion in the urine, following the 
feeding of blood or raw meat, or spontaneous gas- 
trointestinal hemorrhage. Increases were com- 
monly encountered in the feces in such experi- 
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meats, but in instances where the porphyrin was 
identified it was shown to be the type I rather 
than the type III isomer. 

3. No evidence was obtained in human experi- 
ments for the absorption from the intestine and ex- 
cretion in the urine of fed coproporphyrin I or III. 
This was true in individuals with markedly im- 
paired as well as normal liver function. The bulk 
of the fed porphyrin was recovered in the feces. 
Any small fractions that may have been absorbed 
were either metabolized or reexcreted in the bile. 

4. A variety of bacterial strains, in pure culture, 
were found to synthesize both protoporphyrin 9 
(type III) and coproporphyrin III. This syn- 
thesis did not proceed on artificial media of the 
Gladstone type, but required substances, presum- 
ably of protein character or origin, present in 
broth. The synthesis of porphyrins proceeded in 
broth media which did not contain demonstrable 
hemoglobin or heme pigments. 
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It has been generally assumed that the fonna- 
tion and excretion of large amounts of copro- 
porphyrin is regularly associated with the presence 
of symptoms, usually of either abdominal or nerv- 
ous type. Certain students of the porphyrins, 
notably Carrie (1) have ascribed to coproporphy- 
rin a primary role in the symptoms of lead poison- 
ing and other conditions associated with a consider- 
able increase of coproporphyrin excretion. Thus, 
the abdominal pain and peripheral neuritis are 
designated by Carrie as “porphyrinopathic” mani- 
festations. Intermittent acute porphyria, charac- 
terized by production and excretion of the wholly 
abnormal Waldenstrom uro-type porphyrin, is of- 
ten entirely latent and symptomless for long pe- 
riods, probably, even, for the individual’s entire life 
span in some instances. So far as can be deter- 
mined, however, no case has been recorded in 
which there was a massive and persistent, and at 
the same time entirely symptomless idiopathic 
coproporphyrinuria. At least until further knowl- 
edge may indicate a different terminology, it is be- 
lieved best to use this designation, rather than 
porphyria, for the cases which will be described. 
In agreement with Waldenstrom, we prefer to re- 
serve the latter term for cases in which uroporphy- 
rin, or porphyrins of uroporphyrin type, such as 
the Waldenstrom or 260 porphyrin (2—4), are 
demonstrated. The term porphyria, in otiier 
words, connotes a metabolic error in which an en- 
tirely abnormal porphyrin is formed and ex- 
creted, while the tenn coproporphyrinuria is non- 
committal in the sense that while it is both physio- 

^ Aided by grants from the John and Mary R. Markle 
Foundation, the Rockefeller Foundation, and tlic Medical 
Research Fund of the Graduate School, University of 
Minnesota. 


logical and pathological, secondary to a variety of 
disturbances, the possibility exists that occasional 
cases, such as those described in the following, are 
likewise “inborn errors of metabolism.” 

CASE EEPORTS 

Case 1. W. V. Q., <?, 26, white, chemist. This indi- 
vidual had no complaints and considered himself to be 
in excellent health. 

As a graduate student he had worked for one and a 
half years in a laboratory in which 1-2 pounds of mer- 
cury were always kept in an open 'vessel. He recalls 
“one or two” mercury spills in the course of his own 
work, in which he wiped up the mercury with copper 
powder. Once, during this same period, about two years 
prior to the present study, he was pipetting mercury and 
some entered his mouth, but he is certain that none of it 
was swallowed. Also about two years ago while pipetting 
saturated copper sulphate solution, some got into his 
mouth. He thought none was swallowed but he noted a 
“funny” feeling in the stomach for several hours. In 
addition to these episodes he has been exposed only to 
the usual organic and inorganic compounds found in most 
chemical laboratories. So far as could be determined 
alcoholic beverages were but rarely used and only in 
small amount. 

As a child he had had measles, mumps and chicken pox, 
and pneumonia at 11. His mother died of tuberculosis 
at 56, his father is living and well, as are three siblings. 
Neither the patient nor members of his family have ever 
noted red urine, and none have had suggestive complaints 
such as abdominal pain, severe constipation, or pain in 
tlie extremities. There has been nothing suggestive of 
light sensitivity in the patient or his relatives. 

The physical, including the neurological examination 
was entirely normal. The blood pressure was 120/70. 
The routine examinations of the blood and urine were 
normal. There was no anemia. The blood smears re- 
vealed nothing abnormal ; there was no increase in baso- 
philic slipping. The sternal bone marrow was normal. 
The feces urobilinogen for three separate four-day periods 
was 83, 86, and US mgm./day; thus there was no evi- 
dence of an increase in rate of blood destruction, in fact, 
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the values are rather low. There was no evidence of liver 
functional impairment.. Thus the urine urobilinogen on 
three occasions was well within normal limits, O.OS, 0.06, 
and 0.12 mgm./lOO cc. The cephalin-cholesterol floccu- 
lation test was negative. Repeated serum bilirubin deter- 
minations were well within normal limits. The urine 
coproporphyrin was greatly increased as noted in Table I. 


TABLE I 

Urine coproporphyrin — case W. V. Q. and siblings 


CaseW. V. Q. 

Date 

Concentration 
in 7/100 cc. 


4-24-45 

218.0 


5- 1-45 

142.0 


5-22-45 

96.5 


6- 8-45 

126.3 


6-16-45 

255.0 


7-20-45 

108.0 


9-18-45 

381.5 


12-18-45 

201.0 


1-23-46 

449.0 

Sister M. 

7-11-45 

2.9 


7-28-45 

4.6 

Brother Ro. 

7-11-45 

3.3 

Brother Ru. 

9-20-45 

4.1 


The urine was examined repeatedly for the presence of 
ether insoluble porphyrins, such as uroporphyrin or the 
Waldenstrom porphyrin, but none were demonstrable. 
The test for porphobilinogen (S) was made on a number 
of occasions and with one exception was negatjive. The 
exception was a very faintly positive reaction of doubtful 
significance. 

The isomer distribution of the UCP was determined 
on two occasions with the following result; 


11- 16-45 

12- 28-45 


86% type III 
^91% type III 
{95% type III 


The first two of the above results were obtained with 
the B modification of the isomer analysis method, the 
third with the A procedure (6a). As noted in paper I 
of this series (7), the results of these two techniques are 
essentially the same. 

A spectrographic metal analysis 2 of the urine of 
W. V. Q. did not reveal any abnormal amounts of metals. 

2 Carried out by the spectrochemical division of the 
Metallurgy Laboratory University of Chicago, to whom 
we are indebted for the report. 


TABLE II 

Fecal porphyrin concentration in case W. V. Q. 


Date 

Coproporphyrin 

Protoporphyrin 

Dcuteroporphyrin 


ytWO Gm. 

y/JOO Cm* 

y/IOO Gm* 

6- 8-45 

69000 

1263 

— 

9-21-45 

32375 

381 

638 


* The values for proto- and deuteroporphyrins are given 
in coproporphyrin equivalents. 


The fecal porphyrins were quantitated on two occasions 
with results as given in Table II. 

On several occasions the isomer distribution in the 
urine was determined by means of the differential pre- 
cipitation method (6a). From 86-95% coproporphyrin 
III was found. Coproporphyrin III methyl ester was 
repeatedly isolated in considerable amount from both 
feces and urine. The crystal habitus and dimorphic melt- 
ing point were characteristic (8) . The methods of isola- 
tion have been described elsewhere (4, 8, 9). 

Gastric and duodenal contents were examined, with the 
results shown in Table III. 

The erythrocyte protoporphyrin was determined on two 
occasions by the method of Grinstein and Watson (10). 

9-29-45 467/100 cc. of cells 

3-24-46 377/100 cc. of cells 

On neither occasion was there any demonstrable copro- 
porphyrin in either erythrocytes or plasma. 

Examination of the bone marrow revealed a normal 
morphology. The protoporphyrin concentration was 377/ 
100 cc. No coproporphyrin was demonstrable. 

Case 2. E. C., d*, 31, negro laborer. Admitted to the 
Minneapolis General Hospital on January 23, 1948, with 
a diagnosis of diphtheria. A typical membrane was ob- 
served in the pharynx and throat cultures were positive 
for B. diphthcriae. The illness was not severe and there 
were no recognizable complications. 40,000 units of anti- 
toxin were given on the day of admission. The patient 
made an uneventful recovery. The highest temperature 
recorded was 102° F., on the day of admission. The 
temperature was consistently normal after the second 
hospital day. 


TABLE III 


Coproporphyrin concentration in gastric and duodenal contents 


Time 

Source 

Color 

Fluorescence 

Coproporphyrin 

Bilirubin 


11:15 a.m. 

i 

Gastric 

Nearly 

i 

Bluish 

yllOO cc. i 

0.6 

mg.llOO cc. 

0 

* 

11:25 a.m. 

Gastric 

colorless 
Light brown 

Medium red orange 

24.0 

trace 

20 cc. 

1 11:35 a.m. 

Duodenal 

Brown 

Intense red orange 

308.0 

1.5 

35% 

11:45 a.m. 

Duodenal 

Golden brown i 

Intense red orange 

720.0 

4.4 

MgSO, 

11 :55 a.m. 

Duodenal 

Golden brown 

Intense red orange 

1327.0* 

6.7 


* 95% copro-III according to differential precipitation technique (6a). 
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The urinary coproporphyrin was studied in this case 
because of the previous observations that diphtheria bacilli 
in broth cultures produce coproporphyrin in considerable 
amount (11). This has recently been shown to be the 
type III isomer (12). The present case was one of a 
group of diphtheria cases under investigation with respect 
to possible increases in UCP. It was surprising to find 
that this individual was excreting unusually large amounts 
of coproporphyrin, and that this greatly heightened ex- 
cretion persisted long after the diphtheria had disappeared. 
There were no symptoms other than those related to the 
throat, of transitory nature. There was no history of 
exposure to chemicals or heavy metals, and the patient 
denied the use of alcoholic beverages in any form. There 
was no evidence of liver functional impairment. Thus 
the serum bilirubin was: 0.2 mgm./lOO cc. (T or prompt 
direct) and 0.9 mgm./lOO cc. total; the cephalin choles- 
terol test was negative and the thymol turbidity 1.9 
units; the serum alkaline phosphatase was 4.0 Bodansky 
units. 

The patient was uncooperative and, although attempts 
were made to keep him under observation indefinitely, he 
left Minneapolis toward the end of April for an unknown 
destination. 

The findings in this case were as follows: 


TABLE IV 

Urinary porphyrin excretion 


Date 

UCP 

% 

type III 
isomer 

M.P. of 
cryst. 
methyl 
ester 

Porpho- 

bilinogen 

reaction 

(5) 

Uropor- 

phyrin 


yl24 krs. 





1-25-48 

8,674 

99 

130-1 

negative 

0 

1-30-48 

3,980 

100 


negative 

0 

2- 5-48 

2,000 



negative 

0 

2- 7-48 

1,890 





2- 8-48 

1,610 

98 


negative 

0 

2-14-48 

1,465 



negative 

0 

2-16-48 

3,062 

98 




2-19-48 

4,260 





2-20-48 

3,780 





2-24-48 

5,150 

100 

130-1 

negative 

0 

2-25-48 

6,468 



negative 


2-27-48 

4,959 





3- 3-48 

6,177 

99 

130 

negative 

0 

3— 0-^8 

4,940 




0 

4-20-48 

206 7 % 






(vol. 






unknown) 






Bile containing duodenal contents were obtained on 
2-8-48. These exhibited intense red fluorescence and 
were found to have a coproporphyrin concentration of 
128 t/I 00 cc. of which 82% was the type III isomer. 

The crj-throcyte protoporphyrin on 2-10-48 was 367/ 
100 cc. of cells. No porphyrin could be demonstrated 
in the plasma. 

DISCUSSION 

Tlie two cases which have been described are of 
a type hitherto unrecognized. They are important 


TABLE V 

Feceo porphyrin findings 


Date 

Copro- 

porphyria 

% type in 
isomer 

M.P. of cryst. 
methyl ester 

Uropor- 

phyrin 


y/lOO Gm. 


“C. 


2-10-48 

32,800 

90 

— 

0 

2-15-48 

39,600 

90 

130-1° 

0 

2-16-48 

40,200 

— 


0 


from a number of standpoints, one of which was 
referred to in paper I of this series (7), which 
dealt with the normal coproporphyrin of the 
urine. It is evident that if an individual such as 
one of the two present cases contributed to a pool 
being collected from presumably normal individu- 
als, as in Grotepass’ study (13), the result would 
be affected to a very marked degree and would be 
interpreted erroneously. The complete lack of 
symptoms in these two individuals is of much in- 
terest since it casts considerable doubt on the be- 
lief that the symptoms of lead poisoning and por- 
phyria are “porphyrinopathic,” as Carrie and 
others have believed. In porphyria, of course, 
compounds other than coproporphyrin III may 
well be implicated, but in lead poisoning one finds 
only coproporphyrin III. It appears, however, 
that there is one striking difference between the 
present cases and cases of lead poisoning, in so 
far as porphyrin excretion is concerned. But slight 
or no increases of coproporphyrin III are en- 
countered in the feces in lead poisoning® even 
though relatively large amounts are present in the 
urine. In the present cases the amounts in the 
urine were considerably larger than those usually 
encountered in lead or other heavy metal poisoning, 
while the fecal coproporphyrin III was roughly ten 
times that of the urine. Thus it is evident that the 
total production of coproporphyrin in these two 
individuals is on a much larger scale than that of 
the secondary coproporphyrinurias of ordinary' ty'pe. 
This would support the belief that the disturbance 
in the present cases represents an "inborn error of 
metabolism,” albeit one that differs fundamentally 
from that of ordinary porphyria, in which uro- 
porphyrin or uro-type porphyrins are also found. 

In Table V it is noted that 90% of the fecal 
coproporphyrin was type III. Tin's would indi- 
cate that 10%, or from 328CM020//100 Gm., was 

®At least in chronic cases. We liave not had oppor- 
tunity to study the fecal coproporphyrin in cases of acute 
plumbism. 
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type I. This value would exceed the normal by 
approximately ten-fold. In the crystallization of 
the methyl ester, no evidence was observed for 
such an amount of copro-I as this figure would in- 
dicate. The isomer percentage values cannot be 
regarded as absolute, simply providing an approxi- 
mation of the relative amounts of the two isomers. 
This is particularly true when either isomer consti- 
tutes more than 85% of the mixture (6b). If the 
value had been 98-99% type III, as in the case of 
the urine, a normal amount of type I isomer would 
have been indicated. As it is, a moderate increase 
cannot be excluded. 

SUMMARY AND CONCLUSIONS 

1. Two cases are described in which a great in- 
crease of coproporphyrin III excretion was unac- 
companied by symptoms or signs of porphyria, 
metal or chemical poisoning or liver disease. The 
first case was that of a chemist who had had ex- 
posure to heavy metals and chemicals, of doubtful 
significance. The second was a negro laborer 
who suffered from mild diphtheria at the outset of 
the study, but whose heightened porphyrin excre- 
tion persisted for months after the diphtheria had 
disappeared. 

2. Careful studies of several members of the 
family of the first case yielded no evidence of any 
disturbance of porphyrin metabolism. In the sec- 
ond case no other members of the family were 
available for study. 

3. The duodenal contents in each instance con- 
tained large amounts of coproporphyrin III, pre- 
sumably contributed by the bile. The feces con- 
tained corresponding increases, ranging from 32 
to 69 mgm./lOO Gm., from 10 to 20 times the 
amount in the urine. It is empasized that this is 
quite unlike the ratio in chronic lead poisoning, in 
which considerably more coproporphyrin III is 
found in urine than in feces. 

4. In neither case did the urine contain por- 
phobilinogen or uro-type porphyrins. 

5. The blood serum or plasma in the two in- 
stances was free of demonstrable porphyrin. The 
erythrocyte protoporphyrin was not significantly 
elevated in either case. 

6. The general significance and probable consti- 
tutional nature of these cases is discussed. 
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Clinicians studying Rheumatic Diseases have 
long used the surface temperature over the joints 
as indicative of the degree of synovial reaction. 
Many of the terms used in rheumatology imply 
temperature changes in the joint tissues, viz. “the 
acute hot joint of gout,” “the cold swelling of 
chronic rheumatoid arthritis,” the so-called “fric- 
tion effect” or “heating-up” of osteoarthritic joints 
following exercise, or “articular jelling” (implying 
excessive joint cooling and stiffening on prolonged 
rest) . Many measurements have been made of the 
skin temperature over diseased joints, but no study 
on intra-articular temperatures in human joints 
has been reported. Several studies (1-4) have 
been made of intra-articular temperatures in dogs 
and one study (5) was performed on the stifle 
joint of a horse to determine the coefficient of fric- 
tion within the joint, with and without synovial 
fluid. 

METHOD 

In an effort to find a method for more accurate evalua- 
tion of activity of joint disease, and for determination of 
the effects of rest, exercise, physical therapy, drugs, and 
Roentgen rays on joints, the following technique for de- 
termining intra-articular temperature has been developed. 

Temperature studies were performed on the joints of 
normal volunteers and arthritic patients. All the studies 
were carried out in a room having a mean temperature 
of 24° C. The subjects were reclining quietly for at 
least one half hour prior to the studies. Because of the 
case of approach, the knee joint was the usual site of 
study. The skin was sterilized with an antiseptic (mer- 
thiolate) solution. The skin and joint capsule at a point 
one half inch medial to the medial border of the patella 
and high enough to avoid the fat pad was infiltrated with 
several cubic centimeters of 1% procaine solution. A 19 
gauge needle was inserted through the synovial membrane 
into the joint space under the patella. Even in most nor- 
mal joints, a few drops of fluid could be aspirated into a 
dry syringe. When it was certain that the point of the 
needle was under the patella and in the joint space, the 

' Aided by a grant from the National Foundation for 
Infantile Paralysis. 


syringe was removed and a fine copper constantan ther- 
mocouple or a thermistor was threaded through the needle 
to a depth of several inches in order to project freely 
into the joint space. The needle then was either left in 
place or, more frequently, removed leaving the tempera- 
ture-sensitive element in place. The emf developed by the 
thermocouples was measured by a Leeds and Northrup 
type K potentiometer, and the change in resistance of the 
thermistor was measured with a Wheatstone bridge. 
Thermocouples or thermistors were also fixed on the 
skin over-lying the patella, and in most cases a thermo- 
couple was also placed on the skin of the opposite knee. 
Control temperature readings were taken after the joint 
had been at rest, with the element in place, for at least 
one half hour. If a therapeutic procedure was employed 
to modify joint temperature which would not permit leav- 
ing the metal thermocouple in place, it was removed. 
Immediately after the treatment, another aspiration and 
insertion was made at the same site in order to determine 
the magnitude of the elevation and to obtain a measure 
of the rate of cooling. 

RESULTS 

The amount of synovial fluid present appeared 
to make little difference in the joint temperature 
except to alter the rate of change. The position of 
the temperature-sensitive element in the joint was 
relatively unimportant. The thermocouple or 
thermistor often was inserted a distance of three 
or more inches into the joint space. Temperature 
measurements made during withdrawal of the ele- 
ment showed no appreciable variation until the 
measuring element w'as out of the joint. Thirty- 
one determinations of the internal temperature of 
the knee joint and the over-l 3 'ing skin surface have 
been obtained on 25 individuals. Two studies were 
made of the elbow joint in one patient. In no in- 
stance was the rectal temperature elevated at the 
time of study. Four subjects were essentially nor- 
mal except for possible age changes (all were be- 
tween 35 and 42 j-ears). Twelve patients had 
rheumatoid arthritis. Seven had degenerative 
joint disease; one had Reiter’s syndrome and one 
had gouty arthritis. The degree of local clinical 
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TABLE I 


Temperatures obtained in the joint cavity and on the 
surface over the joint 


Case 

1 

Diagnosis 

1 

1 

1 

Age 

1 

1 

Sex 

1 

Relative 

activity 

Tempera- 
ture, ° F. 

Joint 

Sur- 

face 

1 

Normal 

35 

M 


91.1 1 

86.2 

2 

Normal 

38 

M 


88.6! 

87.5 

3 

Normal 

44 

M 


90.7 

89.5 

4 

Normal 

32 

M 


90.8 

85.2 

5 

Degenerative Arth. 

54 

F 

Moderate 

93.4 

89.0 

6 

Degenerative Arth. 

60 

F 

Moderate 

94.2 

90.9 

7 

Degenerative Arth. 

48 

F 

Questionable 

93.4 

89.9 

8 

Degenerative Arth. 

51 

F 

Questionable 

93.7 

90.8 

9 

Degenerative Arth. 

67 

' F 

Questionable 

93.0 

86.0 

10 

Degenerative Arth. 

60 

F 

Questionable 

95.6 

90.8 

11 

Degenerative Arth. 

52 

F 

Questionable 

94.6 

92.3 

12 

Reiter’s Syndrome 

21 

M 

Severe 

93.3 

89.7 





Moderate 

90.6 

90.8 





Slight 

89.4 

87.4 

13 

Chronic Gout 

36 

M 

Moderate 

96.0 

89.2 






96.1 

90.0 


activity in the joint tested was estimated by the 
presence and severity of the following: swelling, 
tenderness, effusion and limitation of motion by 
pain. 

The values obtained are presented in Tables I and 
IL The correlation (r = 0.65) of joint tempera- 
ture with surface temperature was generally good, 
but there were notable exceptions. In one pa- 
tient the joint temperature was as much as 7 . 6 ° F. 
higher than the skin temperature, while in two 
others the surface temperature was higher than the 
intra-articular temperature. Relatively few nor- 
mal joints have as yet been studied to determine the 
variations in resting temperatures. The difficulty 
of obtaining volunteers has somewhat hampered 
this evaluation. However, skin temperatures thus 
far obtained in “normal” subjects range from 85.2° 
F. to 89.5° F. and joint temperatures from 88.6° F. 
to 91.1° F. 

In degenerative joint disease clinical activity 
was difficult to evaluate. Patients with this dis- 
ease had, in most cases, normal skin temperatures 
but their joint temperatures were all moderately 
elevated. In the cases of chronic gout and Reiter’s 
syndrome the skin temperatures were normal al- 
though joint temperatures were definitely ele- 
vated.^ The clinical improvement in the patient 

^ A knee joint temperature of 98.6° F. -was observed 
recently in a patient in an active stage of gout. 


with Reiter’s syndrome was reflected in the low- 
ered joint temperatures. In rheumatoid arthritis 
the highest joint temperature, 97.1° F., was re- 
corded in an elbow joint. The highest surface 
temperature was 95° F. In case No. 25 where 
the rheumatoid process was completely quiescent, 
both the skin and joint temperatures were sub- 
normal. In rheumatoid arthritis there was a posi- 
tive correlation of both surface and joint temper- 
ature with relative clinical activity (Figure 1). 
The correlation appears to be somewhat better 
with joint rather than with surface temperature. 
In one individual the surface temperature was 
higher than the joint (Table II). 

A variety of physical measures were employed 
to modify the joint temperature. Although results 
will be reported in detail in a subsequent paper (6), 
some observations of interest, primarily in refer- 
ence to the joint reaction itself, are reported herein. 
Fever therapy, induced by a pyrogen injected in- 
travenously, resulted in increased joint and sur- 



CLINICAL ACTIVITY 



Fig. 1. Temperature of Joint and Skin over Joint 
Patients Having Rheumatoid Arthritis with 
Varying Degrees of Clinical Activity 
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TABLE II 


Temperatures obtained, in the joint cavity and on the surface 
over the joint of patients with rheumatoid arthritis 


Case 

Age 

Sex 

Relative 

Temperature, “ F. 

activity 

Joint 

Surface 

14 

56 

F 

Severe 

95.0 

96.0 

93.7 

94.0 

IS 

42 

M 

Severe 

95.1 

95.3 

91.1 

92.6 

16* 

65 

M 

Severe 

97.1 

95.0 

95.0 

17 

18 

F 

Severe 

95.8 

92.6 

18 

40 

F 

Severe 

Moderate 

96.0 

92.8 

93.9 

92.1 

19 

61 

M 

Moderate 

92.9 

91.9 

20t 

30 

M 

Moderate 

92.8 

91.0 

21 

61 

M 

Moderate 

92.4 

89.8 

22 

68 

F 

Slight 

93.8 

86.2 

23 

50 

M 

Slight 

90.8 

91.9 

24 

71 

M 

Slight 

92.2 

89.0 

25 

57 

M 

Inactive 

88.8 

86.0 

84.5 

84.7 


* Elbow joint (all others were knee joints), 
t Atypical. 


face temperatures. When rectal temperature was 
elevated to 103° F., a joint temperature of 101° F. 
(an increase of 5.2° F.) and a skin temperature 
of 99.4° F. (an increase of 8.3° F.) was noted. 


On another occasion, with a rectal temperature of 
105.2° F. a joint temperature of 97.1° F. was ob- 
tained, but at this time the patient was being cooled 
by application of ice bags to the thighs. Even un- 
der these circumstances, the knee joint tempera- 
ture was elevated 2° F. over the control observa- 
tion. 

Observations were made on the influence of hot 
and cold packs on both normal and inflamed joints. 
The application of hot packs invariably resulted in 
a depression of the intra-articular temperature of 
as much as 2.2° F. Continued reapplication of 
these hot packs produced steadily diminishing 
effects, although even after the tenth hot pack of 
a series, the joint temperature was still definitely 
lowered. The internal temperature quickly re- 
turned to control levels after discontinuation of the 
packs and five to ten minutes later the values were 
slightly higher, a positive reflex effect (Figure 2). 
Cold packs, on the other hand, raised joint tem- 
peratures appreciably. Hot or cold packs applied 
to one knee produced reflex effects in the opposite 
knee of similar character. These studies were per- 
formed in the winter months. When observations 
were resumed during the summer, it was surpris- 



SUMMER 




I PACK OMj 


■I. 1 i I i t _i _ lilt 
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Fig. 2. Reflex Phexomexa Associated with the Applicatiox of Hot 
AXD Cold Packs over the Joixt 

All points indicate joint temperatures. The dotted lines indicate the shift 
of the temperature from control t-alues during the first minute of pack 
application. 
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TABLE HI 

Seasonal influence on the temperature reaction of the ktiee joint 
to hot or cold wet compresses. . Maximum changes 
occurred within the first two of the five minutes 
during which the packs were applied 



Exp. 

Type of pack 

Maximum change, ° F. 

Knee joint 

Surface 


1 

Hot (108° F.) 

-2.3 

12.2 


2 

Hot 

-0.8 

5.1 

Winter 

3 

Cold (65° F.) 

2.5 

- 9.1 


4 

Cold 

5.0 

-10.1 


5 

Cold 

2.6 

- 6.1 


6 

Hot 

-0.4 

6.4 


7 1 

Hot 1 

-0.5 

5.8 

Summer 

8 ' 

Hot 

-0.5 

5.1 


9 

Hot 

0.2 

7.5 


10 

Cold 

0.5 

- 3.6 


11 

Cold 

0.4 

i 

- 8.1 


ing to note that although the pattern of the reflex 
was similar, the magnitude of the response was 
diminished (Figure 2 and Table III). This dif- 
ference seems to be related to the relative degree 
of vascular tone exhibited by individuals at the 
various seasons of the year (7, 8). 

Painful stimuli, apprehension, alarm or smoking 
lowered the skin and elevated the joint tempera- 
ture in all cases so studied. Simple passive and 
non-weight-bearing active movement of the joint 
was performed in several instances. Tempera- 
ture increases of as much as 2.5° F. were noted. 
The joint temperature following periods of active 
exercise showed varying degrees of elevation with 
rapid cooling on rest. 

DISCUSSION 

These preliminary observations of joint tissue 
temperatures in some of the forms of arthritis ap- 
pear to indicate that an accurate evaluation of the 
degree of inflammation in a joint may be obtained 
by this method. A close correlation between the 
internal joint temperature and the clinical evalu- 
ation of activity of disease was not surprising and 
indicated that the temperature of the synovial fluid 
was directly dependent on the relative hyperemia of 
the synovium. However, the data would indicate 
that it is extremely difficult to evaluate the lower 
degree of clinical activity. The amount of heat 
"]cU" externally over a joint was usually, but not 
necessarily, related to joint temperature. In de- 
generative joint disease, the elevation of joint 


temperature noted seemed more closely correlated 
to the apprehension of the patient and the amount of 
adipose tissue about the knee than to the clinical ac- 
tivity as determined by external examination. 
The slow drop seen with continued rest in these 
patients would imply that this elevated tempera- 
ture was real and was related to increased friction 
effect and retarded cooling. 

Incidental observations were made on pain sen- 
sitivity of the synovium and cartilage, confirming 
the observations of Smyth and Freybetg (9, 10), 
The synovium was quite tender whenever touched 
at any point that had not been anesthetized with 
procaine. If the thermocouple was inserted far 
enough to touch the synovium on the opposite side 
of the patella, a sharp pain was produced. The ar- 
ticular cartilage, however, seemed entirely insen- 
sitive when touched, or even when accidentally 
penetrated by the aspirating needle or tip of the 
thermocouple. 

In conjunction with the studies on the effective- 
ness of physical therapy procedures (6), one par- 
ticularly interesting phenomenon was observed. 
Application of hot packs increased surface tem- 
perature markedly, but decreased the deep. A sec- 
ondary rise of joint temperature occurred follow- 
ing removal of the packs. Cold packs to the knee 
surface, however, produced a definite cooling of 
the skin and a lasting increase in joint temperature. 
The intensity of hot and cold applications was not 
sufficient to induce pain in most instances but ap- 
parently this phenomenon is a sympathetic reflex 
effect associated with the principle of counter- 
irritation. The magnitude of this effect is ap- 
parently related to the state of vascular tone and 
dependent upon the season of year that observa- 
tions were made (7, 8). 

It appears significant that cold, pain, fear and 
smoking produced identical effects {i.e., lowering 
of the skin and elevation of the joint temperatures). 
Perhaps this observation may lead to an explana- 
tion of how such factors aggravate the symptoms 
of an arthritic process. The effects of vaso-dilating 
and vaso-constricting drugs, deep X-ray therapy, 
exercise and other agents on the synovial circula- 
tion are being studied by this method. Finer 
measuring units have been developed which will 
make it possible to study temperatures in fingers, 
wrists, and other small joints. 



INTRA-ARTICULAR TEMPERATURE OF HUMAN JOINT 


473 


No ill effects from these studies were noted in 
any of the patients. One study on a normal vol- 
unteer resulted in a slight synovitis of two days’ 
duration, after weight-bearing exercise with the 
thermistor in place. Many of our patients ex- 
pressed improvement after this “treatment,” show- 
ing the psychic benefit derived from any robust pro- 
cedure and the special interest exhibited by the 
physician. 

SUMMARY 

1. A method for the determination of the tem- 
perature of the articular cavity has been developed 
which appears to have a practical use both to 
measure the degree of inflammation in the joint 
and to determine the effect of external influences 
on joints. 

2. Intra-articular temperatures correlated some- 
what more closely than the surface temperatures 
over the joint with the clinical activity of rheuma- 
toid arthritis. 

3. The joint temperatures in degenerative joint 
disease were higher than anticipated from relative 
clinical activity. This might be related to greater 
joint friction effects and to retarded cooling. 

4. The joint temperature fell when hot packs 
were applied over the joint, and rose with the ap- 
plication of cold packs. The magnitude of these 


responses was affected by seasonal influences be- 
ing greater in the winter than the summer. 
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Since the adoption of exchange transfusion as 
a method in the treatment of newborn infants with 
severe erythroblastosis (1-3) the question of the 
possible toxic effects of sodium citrate added to the 
administered blood, to prevent coagulation, has 
arisen (4). In this procedure from 85 to 95% 
of the infant’s Rh-positive erythrocytes are re- 
placed by the donor’s Rh-negative erythrocytes de- 
pending upon the volume of blood that is adminis- 
tered and simultaneously removed (5). In order 
to effectuate an exchange of 85%, a quantity of 
blood equivalent to twice the infant’s blood volume 
must be used, and for an exchange of 98%, a quan- 
tity of blood equivalent to four times the blood 
volume must be used. Since the average newborn 
infant has a blood volume in the range of 250-300 
ml. the procedure involves the use of approxi- 
mately 500 ml. and approximately 1,000 ml., re- 
spectively. With the use of sodium citrate as an 
anticoagulant the infant receives as much as 60 
to 120 ml. of a 3% solution of sodium citrate in- 
travenously over a period of about 1^2 hours. 

In the experimental animal, the intravenous ad- 
ministration of large quantities of sodium citrate 
has been shown to produce convulsions (6). This 
has been ascribed to the formation of a poorly 
ionized calcium citrate complex which removes cal- 
cium ion from the blood stream (7-9). Despite 
this consideration, exchange transfusions have been 
successfully carried out in a large number of cases, 
although occasionally deaths have been reported 
in the very severely affected cases (10). 

In order to study the adjustment that the new- 
born makes to tlie physiological strains to which 
it is subjected when an exchange transfusion is 

1 The third in a series on the mechanism controlling 
citric acid levels in the blood. The first two papers in 
this scries appeared in the Journal of Clinical Investi- 
gation, Vol. 27, pages 446 and 450, 1948. 

- This paper was presented at the Washington meeting 
of the .American Chemical Society, August 30, 1948. 


carried out, citric acid, calcium, phosphorus, pro- 
tein and total base levels were studied before, dur- 
ing and after such a transfusion on a newborn with 
no symptoms of erythroblastosis and with apparent 
normal hepatic and kidney function. The new- 
born studied was a Mongolian idiot born in normal 
delivery. In addition citric acid determinations 
were carried out on serial bloods withdrawn from 
eight erythroblastotic infants during exchange 
transfusion. 

500 ml. of blood were freshly drawn from a compatible 
donor. To this were added 60 ml. of 3% sodium 
citrate (dihydrate of tri-sodium citrate). This made a 
total volume of 560 ml. Over a period of approximately 
60 minutes 500 ml. of this citrated blood were infused 
into the saphenous vein at the ankle. After 60 ml. had 
been infused the radial artery was cut and the blood was 
collected in 60 ml. portions, during the progress of the 
transfusion. The first 60 ml. were added without removal 
of blood in order to dilate the blood vessels and make the 
radial artery more apparent. The cells were separated by 
centrifuging and the plasma was analyzed for the various 
blood constituents. 

Citrate determinations were carried out by a method 
previously described (11, 12). Calcium was done by 
direct precipitation from plasma (13) without ashing. 
Where citrate was at a high level the results were later 
shown to be significantly low because of the interference 
of citrate with calcium precipitation. The determinations 
could not be repeated with ashing subsequently because 
calcium salts were found precipitated in the plasma on 
standing. The calcium results were discarded and are 
not reported except where the citrate levels were low 
enough so as not to interfere, or where analysis was done 
by ashing on plasma from freshly drawn blood. Phos- 
phorus was determined colorimetrically (14), total protein 
by a modified biuret method (15) and total base by elec- 
trodialysis (16). 

The results obtained on the blood of the donor 
with added citrate, and on that of the newborn 
with no symptoms of erythroblastosis are shown 
before and after the tranfusion in Table I. The. 
results are averages of duplicates. Standards and 
recovery of added amounts of the constituents 
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TABLE I 


Comparison of cilrated adult blood plasma with that of the 
blood plasma of the infant before and after 
the exchange transfusion 


Sample 

Phos- 

phorus 

Total 

base 

Total 

protein 

Cal- 

cium 

Citric 

acid 

Citrated Adult 

mg.% 

meg. It. 

% 

m.% 

mg.% 

Plasma 

Infant’s Pre- 

3.7 

178 

6.7 

9.8* 

340 1 

Transfusion 
Infant’s Post- 
Transfusion 

7.2 

150 

5.14 

10.8 

2.9 

(one hour) 

Infant's Post- 
Transfusion 

6.4 

148 

5.48 

10.0 

6.69 

(19 hrs.) 

— 

— 

4.6 

10.3 

1.47 


* Determination on ashed plasma, 
t Assuming a 40% hematocrit and no citric acid in the 
red cells the total citric acid added in SOO ml. of whole 
citrated blood would be: 5 X 340 X 0.6 = 1,020 mg. 


were also run. The results are in error by less 
than 5%. Calculations in the table assume no ci- 
trate in the red cells. Previous work indicates 
that in normal blood no significant amount of 
citric acid is found in the red cell (11). 

Analysis for citric acid, phosphorus, protein 
and total base of the 60 ml. portions of the blood 
removed from the infant during the transfusion 
is shown in Table II. These determinations were 
done on plasma. 

A chart showing the changing citric acid levels 
with time, for the infant with no symptoms of 
erythroblastosis, is plotted in Figure 1. 


TABLE II 

Analysis for citric acid, phosphorus, total base and protein on 
the plasma of the blood removed in 60 ml. portions 
during a 500 ml. exchange transfusion 

Seven portions removed for a total of 420 ml. 


Plasma 





Total citric 
acid removed 

sample 

Phos- 

Total 

Total 

Citric 

in each 

(in order of 

phorus 

base 

protein 

acid 

60 ml. 

removal) 




sample of 
whole blood* 



mg.% 

tncqJL 

% 

mg. % 

mg. 

1 

7.5 

— 

— 

12.3 

4.4 

2 

7.6 

— 

5.21 

25.4 

9.2 

3 

6.8 

— 

— 

19.0 

6.4 

4 

6.9 

— 

5.24 

22.4 

8.2 

5 

6.4 

— ; 

5.34 

32.2 

11.6 

6 

6.4 

155 

5.41 

34.4 

12.4 

7 

6.3 

158 

5.81 

42.8 

15.9 


Total Citric Acid Removed = 6S.1 mg. 

, ^Calculated by assuming a 40% hematocrit and no 
Citric aad in the red cells. 0.6 X mg. % in plasma X 0.6 
" total citnc acid. 


etsci 



Fig. 1. Citric Acid Levels During an E.xchange 
Transfusion with Citrated Blood on a Mongoloid 
Infant with No Symptoms of Erythroblastosis or 
OF Liver or Kidney Damage 

In the eight cases of newborns with symptoms of 
erythroblastosis the determinations had to be lim- 
ited to blood obtained during the transfusion. 
With the exception of Cases 2 and 6 the first sam- 
ple obtained followed the administration of about 
50-60 ml. of donor’s blood and thus already con- 
tained added citrate. During the course of the 
transfusion, whenever symptoms of tetany or con- 
vulsions were impending or apparent, 5 ml, of a 
10% solution of calcium gluconate were injected 
intravenously. In some instances, calcium glu- 
conate was administered at various points in the 
procedure whether s}Tiiptoms were or were not 
present. 

The results obtained in six of these cases are 
shown in Figure 2. The scales of the graphs for 
Cases 3 and 4 are different with respect to citrate 
administered from that for Cases 5 - 8 . In the first 
two cases 500 ml. of blood were infused, in the 
last four 1000 ml. of blood were used. Points at 
which calcium gluconate was administered arc in- 
dicated with an arrow. These infants sunu'ved 
and have been followed for a period of at least si.x 
months and are all well. The details of their clin- 
ical course are incorporated in another report (17). 

One infant in this series died within 24 hours 
after the transfusion. The clianging citric acid 
levels for this infant are shown in Figure 3. On 
postmortem e.xamination the liver of this child 
showed severe necrosis. 
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(ml.) 

Fig. 2. Citric Acid Levels on Six Erythroblastotic Infants Treated 
WITH Exchange Transfusions with Citrated Blood. Effect of Ad-' 
ministration of Calcium on the Citrate Level 
Arrows indicate time of injection of calcium gluconate. 


In view of the fact that we were unable to obtain 
the true total calcium values on the plasma of the 
infant with no symptoms of erythroblastosis fetalis, 
we studied the changing calcium values in a child 
with er)'throblastosis fetalis during treatment with 
exchange transfusions. The bloods were dried at 
100° C. and ashed in a muffle furnace at 475° C. 
before analysis so as to remove citrate interference. 
The results are shown in Figure 4 and Table III. 

DISCUSSION 

Examination of Tables I and II indicates a re- 
markable ability of the infant with no apparent 
liver or kidney damage to remove citric acid from 
the blood stream rapidly. After the addition of 
60 ml. of citrated blood the citric acid level in the 


plasma of the infant should rise, according to cal- 
culations, to approximately 60 mg.%.® Actually, 
after the adding of the first 60 ml. of citrated blood, 
the level rises to 10 mg.%. In this infant the 
citric acid level never rose above 40 mg.% while 

3 This figure is arrived at by assuming a 275 ml. blood 
volume and a hematocrit which is the same in the admin- 
istered and endogenous blood. With a 40% hematocrit 
the infant’s plasma volume would be 165 ml. For a 3 
mg.% citric acid level in the plasma the total citric acid 
in this plasma would be 5 mg. Sixty ml. of citrated 
blood would contain 36 ml. of plasma with a citric acid 
concentration of 340 mg.% as determined. The citric 
acid content of this plasma would be 122.5 mg.%. The 
total citric acid in the combined volume of blood plasma 
(165 -k 36 = 201 ml.) would then be 122.5 -k 5 = 127.5 
mg. Expressed in mg, % this would be 127.5/2.01 = 63.5 
mg.%. 
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Cost 9 



(ml.) 

Fig. 3. Citric Acid Levels During an Exchange 
Transfusion on an Erythroblastotic Infant Who 
Did Not Survive for More Than 48 Hours After the 
Transfusion 

Arrows indicate time of calcium gluconate injection. 


table III 

Calcium determination on ashed blood plasma removed from 
an infant with symptoms of erythroblastosis during 
an exchange transfusion (see Figure 4) 


Amt. of 
blood 
transfused 

1 

Pre- 

trans- 

fusion 

60 

120 

1 

180 

240* 

300 

360 

420* 

480 

Calciumf I 
mg. % 

1 

10.0 

12.8 

14.5 

15.3 

24.0 

21.0 

15.4 

19.0 

17.0 


* After S ml. of 10% calcium gluconate were added, 
t Determined on ashed plasma. 


the blood infused contained a concentration of 340 
mg.%. According to the equation derived by 
Wiener (5), at the end of a 500. ml. transfusion 
85% of the infant’s blood has been replaced by the 
blood of the donor. At the end of a 1000 ml. 
transfusion 98% of the infant’s blood has been re- ' 
placed. As early as one hour after the termination 
of the procedure the level had dropped to almost the 
fasting level. The fasting level for newborn is of 
the order of 2-3 mg.% as reported previously (18, 
19). A sample taken 19 hours later showed a level 
within the normal range. 

In the last column of Table II are listed the ac- 
tual quantities of citric acid that were removed 
from the infants at intervals during the procedure. 


Cose Z 



Fig. 4. Citric Acid and Total Calcium Leitls During an E.xciiange 
Transfusion on an Erithroblastotic Infant 

•Arrows indicate time of injection of calcium gluconate. 
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These total 68 mg. as contrasted with 1,020 mg. 
infused. The infant retained 952 mg. This would 
indicate a retention of approximately 94% of the 
citrate injected. Only 71 mg. remained in the 
blood stream at the end of the procedure when 
the plasma level was 42.6 mg.%. This is calcu- 
lated on the assumption of a volume of 275 ml. and 
a hematocrit of 40%. 

Examination of Figures 2-4 indicates that the 
ability to lower citric acid levels in the plasma is 
somewhat impaired in the erythroblastotic infants 
transfused. Cases 4, 5, 7 and 9 show an im- 
mediate elevation of citric acid levels after the ad- 
ministration of the first 60 ml. of citrated blood, 
to a level of more than 30 mg. %. Case 9, who died, 
showed the highest level at this point (52 mg.%). 
It is of interest to compare these curves with that 
of the infant who showed no symptoms of erythro- 
blastosis. Comparison can only be made on the 
part of the curve obtained before the administra- 
tion of calcium gluconate, since injection of this 
material causes changes which will be discussed 
below. 

Each point on the curves represents the ad- 
dition of 60 ml. of citrated blood. All cases, with 
the exception of the infant who died (Figure 3) 
showed spontaneous lowering of citric acid levels 
in the face of continued administration of citrate. 
Thus all the cases which survived, with the excep- 
tion of Case 5, showed lowering of citric acid 
levels after the initial rise, indicating a more rapid 
removal at these points than the rate at which the 
citrate was added. It is of interest to note that Case 
5 clinically was the most severely affected of those 
who survived. Yet it is apparent that this in- 
fant’s response to the administration of citrate 
clearly showed a less impaired mechanism than 
that of the infant who died (Case 9). For ex- 
ample, after 180 ml. of citrated blood had been in- 
fused (approximately two-thirds the infant’s orig- 
inal blood volume) the citrate level was at 50 
mg.%. At this same point in the transfusion 
Case 9 was at 78 mg.%. Case 9 showed little re- 
sistance to the rising citric acid levels. Similar 
comparison of Case 9 with all the other cases 
clearly showed the lesser ability of this infant 
to lower plasma citric acid levels. 

The fate of administered citrate is suggested by 
several experimental studies on animals. Rabbits 
injected with sodium citrate subcutaneously ex- 


hibit an increase in the size of the livers (20). 
This increase has been demonstrated to be due in 
part to an increase in liver glycogen following the 
administration of citric acid (21). It would ap- 
pear, therefore, that in these cases of exchange 
transfusion the citric acid may be rapidly con- 
verted to glycogen and perhaps lipids. 

That the major portion of this conversion takes 
place in the liver has been shown by the work of 
Sjostrom (22). When livers of rabbits, dogs and 
cats were perfused with fluids containing sodium 
citrate in concentrations one hundred times as 
large as those found in normal sera, after a single 
passage the perfusate had a citrate concentration 
near to normal levels for that animal. When rab- 
bit livers were then poisoned by allyl formate, the 
level of serum citrate rose and the perfused liver 
showed a markedly diminished ability to metabo- 
lize citrate. In confirmation of this, it has been 
found (23) that the concentration of citrate in the 
portal vein was regularly higher than that in the 
arterial blood. 

The liver is, however, not the only organ in- 
volved in the removal of citrate from the blood 
stream. The kidney removes and concentrates 
citric acid. The level of citrate in the urine is ap- 
proximately 15-50 times that of the serum (11). 
The concentration of citrate in the renal vein is 
20% lower than that in the renal artery (23). 
Citrate is also metabolized in the musculature. 
Stoppani (24) has demonstrated rapid metabolism 
of injected citric acid in eviscerated dogs. 

In conjunction with the clinical symptoms and in 
the light of autopsy findings on children who have 
died of erythroblastosis fetalis the observations on 
the lessened tolerance of erythroblastotic infants 
to administration of citrate may be traced to par- 
tial liver damage and perhaps concomitant kidney 
damage. The liver damage in the infant who died 
was so extensive, as observed on postmortem ex- 
amination, that very little resistance could be 
offered to the rising citric acid values. We postu- 
late, from their ability to remove administered 
citric acid from the blood stream, that the other in- 
fants who showed greater resistance to a rise in 
citric acid plasma levels, conversely, had lesser 
liver damage and therefore a greater chance of 
survival. 

At all points where calcium gluconate was in- 
jected (Cases 2-9) a rise in citrate level followed. 
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In this connection it is of interest that injection of 
calcium salts, or of parathormone to raise the cal- 
cium level causes a rise in endogenous citrate 
levels (25). 

That administration of calcium gluconate seems 
to interfere with the removal of citrate from the 
blood plasma must not be construed, for obvious 
reasons, as counterindicating the use of calcium 
gluconate to prevent tetany during the procedure. 

In the case where calcium values were studied 
during the transfusion (Figure 4) a rise in endo- 
genous calcium was noted before administration 
of calcium gluconate. This probably comes from 
the body stores of calcium (skeleton). The re- 
sponse is remarkably rapid. Studies on sheep 
(26) have shown that injection of citrate causes 
a rise in serum calcium which drops to normal after 
the citrate has been removed from the blood 
stream. Steggerda (27) has shown that oral ad- 
ministration of citric acid will cause a retention 
of calcium in humans followed later by increase in 
excretion in the stools. Similarly, it is probably 
from the bone stores that the phosphorus values 
are maintained in the face of the continuous ad- 
ministration of citrated blood containing half the 
inorganic phosphorus found in the infant’s serum. 
The rise of calcium would therefore represent an 
endogenous mechanism for combatting the lower- 
ing of calcium ion concentration when citrate is 
infused. For the usual exchange transfusion, es- 
pecially those involving the transfusion of 1,000 
ml. of blood this needs to be supplemented by in- 
jection of calcium gluconate. 

These findings may explain the clinical obser- 
vations of numerous investigators on the use of 
citrate as the anticoagulant. Clinical experience 
with citrate in transfusions seems to indicate that 
it is a non-toxic anticoagulant (28). Further, 
large doses of citrate fed to animals over an ex- 
tended period of time produced no toxic effects 
(29). The liver, the kidneys, the peripheral 
musculature and the bone stores all serve to lower 
citric acid levels or to neutralize their effect on 
calcium and magnesium ion concentration. 

A marked disparity exists behveen the concen- 
tration of various blood constituents in the adult 
as compared with the newborn. Some of these dif- 
ferences are further enhanced by addition of so- 
dium citrate to adult blood. Other than the change 
in citrate concentration the addition of 60 ml. of 


3% sodium citrate to 500 ml. of blood will raise 
the total base of the plasma from approximately 
150 meq./l to about 175 meq./l (determined as 
178 meq./l).* Table I compares the values for 
phosphorus, protein, total base, calcium and citric 
acid of the citrated adult blood with the blood 
plasma of the newborn with no symptoms of 
erythroblastosis. 

Despite the fact that blood with a total base of 
178 meq./I was administered rapidly and “flushed 
through’’ the circulatory system the total base of 
the infant’s blood remained within the normal 
range (145-155 meq./l). The protein rise was 
small and only apparent toward the end of the 
procedure. One hour after the procedure was 
ended the protein values were falling, they were 
below the original fasting level of the newborn 19 
hours later. The fall in protein and the appear- 
ance of a mild jaundice at the end of 19 hours may 
indicate some liver damage. Within 48 hours 
after the procedure the infant showed no untoward 
effects. Phosphorus levels during and at the 
end of the transfusion remained close to that of 
the infant’s pre-transfusion blood rather than as- 
suming the phosphorus level of the donor’s blood. 

From the observations above it is apparent that 
citrate as an anticoagulant has advantages. When 
infused, as in an exchange transfusion, into the 
newborn it is readily metabolized and removed 
from the blood stream restoring the natural clot- 
ting capacity of the blood within one hour after 
the transfusion is complete. However, a reason- 
able amount of liver and kidney function must be 
present to make possible the removal of citrate, the 
readjustment of total base, protein and phosphorus 
levels to their natural level for the newborn. 

Using the icterus index and low protein level as 
criteria, observ'ed in the control 19 hours after the 
transfusion, it must be said that some temporary 

500 ml. of adult blood would contain 500 ml. of 
plasma assuming a hematocrit of 40^0. With a total 
base of ISO meq./l, 300 ml. of plasma would contain 45 
meq. The molecular weight of the dihydratc of sodium 
citrate is 295. For our purposes it may be assumed to 
be 300 so that a 3% solution would contain 100 milli- 
moles/! or 300 meq./l. Si.xty ml. of this solution would 
contain 18 meq. The total plasma volume of tlic 560 ml. 
of citrated blood would then be 300 -f- 60 = 360 ml. In 
this volume would be contained 45 -f 18 = 63 roeq. Ex- 
pressed in meq./l the citrated plasma would contain 175 
meq./l. 



480 


I. B. WEXLER, J, B. PINCUS, S. NATELSON, AND J. K. LUGOVOY 


liver damage is produced in this process. How- 
ever, in the infant with no symptoms of erythro- 
blastosis recovery was observed 48 hours after the 
transfusion with return to normal icterus and pro- 
tein level. 

SUMMARY 

1. Exchange transfusions were carried out on 
one mongoloid newborn with no symptoms of 
liver damage or erythroblastosis and on eight new- 
borns suffering from erythroblastosis fetalis. 

2. Serial studies done on the blood removed 
from the normal infant showed an effective home- 
ostatic mechanism to be operative in the case of 
citrate, total base, phosphorus and total protein. 

3. Administration of calcium gluconate inter- 
feres with the rate of citrate removal from the 
blood stream. 

4. The liver, kidneys, musculature and bone 
stores appear to remove or neutralize the effect of 
high citrate levels in the blood stream. 

5. The erythroblastotic infants showed impaired 
ability to remove citrate but showed themselves 
still capable of removing massive quantities of ci- 
trate from the blood stream. 

6. With the exception of one case all infants 
seemed to metabolize citric acid more rapidly or 
at least as rapidly as it was infused in the early 
stages of the transfusion. In this case where the 
disease process was most severe citric acid levels 
rose steadily throughout the transfusion. The in- 
fant died within 24 hours. 

The authors would like to express their appreciation to 
Dr. A. S. Wiener who kindly permitted us to use his 
cases for this study. 
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INTRODUCTION 

In recent years many studies have been re- 
ported on the monovalent cation composition of 
the intracellular space during experimentally pro- 
duced potassium depletion. The most consistent 
changes have been found in striated muscle and, 
in general, have shown that decreased concentra- 
tions of intracellular potassium are associated with 
an increase in intracellular sodium. Such changes 
have been reported in the rat (1), the cat (2), 
and the dog (2) following low potassium diets. 
The administration of desoxycorticosterone ace- 
tate in large doses has produced similar changes 
in the same animals (2-4) . Recently Darrow has 
reported comparable findings in association with 
alkalosis, as determined by muscle analyses in 
rats (5) and indirectly by balance studies in man 
( 6 ). 

Inasmuch as direct studies of human tissues dur- • 
ing states of potassium depletion have not been 
reported, the present studies were undertaken in 
an attempt to define the composition of the intra- 
cellular electrolytes of striated muscle obtained by 
biopsy from patients with metabolic alkalosis and 
acidosis. 

METHODS 

Biopsies. Muscle biopsies were taken from the ham- 
string or gastrocnemius muscles, the average weight of 
fresh tissue being 2.4 gms. Anesthesia was obtained by- 
infiltration of the skin and subcutaneous tissues with 2 
per cent procaine in saline. Careful precautions were 
taken to avoid infiltration of the muscle tissue with the 
anesthetic agent and it is believed that there was no con- 
tamination of the specimens with the possible exception 
of two cases (Table I, patients G. and To.). In these 
patients inadequate anesthesia necessitated infiltration of 
the muscle approximately 10 cm. proximal to the site from 
which the actual biopsy was taken. A careful analysis of 
the results obtained from these two specimens reveals no 
abnormality specifically attributable to the possible inclu- 
sion of the anesthetic solution in the specimen, and it is 


therefore believed that no contamination occurred. Ex- 
cess blood was removed by blotting the specimen with 
dry gauze. The tissue was immediately placed in an air- 
tight glass container and analytical procedures were begun 
within one hour. Venous blood specimens without stasis 
were taken under oil at the time of biopsy. 

“Normal” control muscle specimens and accompanying 
blood samples were obtained from patients undergoing 
operations under general anesthesia (Table I), the biop- 
sies being taken from the rectus abdominalis at the start 
of the operation. The patients had been on a normal diet, 
had not received previous parenteral alimentation, and 
were considered to be in a normal state of fluid and elec- 
trolyte balance. The alleged normalcy of the control 
muscles may be subject to question because of possible 
changes resulting from the anesthetic agents or the under- 
lying disease process. Minor changes may also have re- 
sulted from sustaining infusions of glucose and saline 
started at the time of operation. However, the "normal” 
values obtained are in essential agreement with previously 
reported analyses of human skeletal muscle (7), and be- 
cause of the marked differences between the “normal” 
and abnormal groups, it is felt that these tissues represent 
an adequate control for the present study. 

Aftalytical Methods. Determinations were made of the 
concentration of water, fat, chloride, sodium, potassium, 
and nitrogen in the tissues. All analyses were done in 
duplicate. The analytical procedure was that of Lowry 
and Hastings (8) as modified by Hull (9), with addi- 
tional modifications for determination of sodium and potas- 
sium by an internal standard flame photometer (10). 
The fresh tissue was freed of all visible fat and con- 
nective tissue and then finely minced with scissors and 
placed in a 10 cc. volumetric tube. The water content 
was measured by drying in an electric oven at 105 - 110 ° C. 
to constant weight. Neutral fat was determined by the 
extraction with ethyl ether of the residue remaining after 
the evaporation of water, according to the procedure of 
Hastings and Eichelberger (11). The extracted fat and 
solvents were returned to the tube and the solvents evap- 
orated. The tissue was digested in a bath of boiling 
water with 3 ml. concentrated nitric acid in the presence 
of silver nitrate 50 per cent in excess of anticipated chlo- 
ride. Chloride content was determined by Volhard titra- 
tion of an aliquot of the digest made up to volume with 
water. Sodium and potassium were determined on 1 or 
2 cc. aliquots diluted to the proper volume with the addi- 
tion of lithium sulfate as an internal standard. Flame 
photometry yielded an accuracy of 1 per cent, and large 
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excesses of nitric acid and inorganic phosphate added to 
standard solutions introduced no measurable error. Ni- 
trogen estimations were done on samples of tissue sep- 
arate from those taken for electrolyte analysis, and nitro- 
gen was determined by micro-Kjeldahl technique. All 
analyses were corrected for fat-free weight, including 
nitrogen estimations for which it was assumed that the 
fat content was the same as in the aliquot used for elec- 
trolyte determinations. Duplicate analyses of separate 
aliquots of minced muscle from 42 specimens analyzed by 
this method have shown the following average percentile 
deviation from the mean values ; water ± 0.2% ; chloride 
ct 1.9% ; sodium ± 1.5% ; potassium ± 1.2% ; and nitro- 
gen ± 0.9%. 

Serum electrolytes were determined by methods pre- 
viously reported (3), except that sodium and potassium 
were determined by flame photometry. Serum pH was 
determined by glass electrode. 

Calculalioits. Serum concentrations were corrected for 
serum water which was either . determined directly by 
drying to constant weight at 110° C., or estimated from 
serum protein concentration (8). Extracellular concen- 
trations of sodium, potassium and chloride were calcu- 
lated using an average Donnan factor of 0.95. Extra- 
cellular water (ECW) was calculated as the “chloride 
space.” Intracellular electrolytes were obtained as the 
difference between tissue and extracellular values and 
have been expressed in concentrations per liter of intra- 
cellular water (ICW). Because tissue hemoglobin, col- 
lagen and elastin were not measured, all tissue nitrogen 
was considered as intracellular, thus introducing a small 
systematic error of less than 1 per cent (8). For com- 
parative purposes nitrogen has been expressed as grams 
per liter ICW. 


RESULTS 

Nine patients w^ere studied — three controls, 
three with gastric alkalosis, and three \vith chronic 
renal acidosis without glomerular insufficiency 
(12). The results are given in Table I. The last 
two analyses of patient R. have been excluded 
from the present discussion because blood speci- 
mens were not taken simultaneously with the 
muscle. Calculated intracellular sodium averaged 
S mEq/L ICW in the control group. There is no 
apparent explanation for the variation of the val- 
ues within tlie control group. Both the patients 
with acidosis and alkalosis showed an increase of 
intracellular sodium, average values being 32 mEq/ 
L ICW for the acidosis group and 20 mEq/L ICW 
in alkalosis. Serum potassium varied from 3.9 to 
L8 mEq/L for the controls, from 2.5 to 3.7 mEq/ 
L for the acidotic group, and from I.S to 2.7 mEq/ 
- lor the alkalotic group. The increase in intra- 
ec ular sodium was proportional to the decrease 
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Fig. 1. Clinical Course, Serum Electrolytes, and 
Intracellular Electrolytes in Patient R. Showing 
Development of Intracellular Potassium Depletion 
WITH Sodium Replacement as Prolonged Alkalosis 
Was Treated with Parenteral Sodium Chloride 
Solutions 


in intracellular potassium as is indicated by the 
constancy of the sum of the concentrations of these 
two cations, average values being 165 mEq/L 
ICW for the controls, 163 mEq/L ICW for the 
acidotic subjects and 163 mEq/L ICW for the pa- 
tients w'ith alkalosis. The widest variations of 
these values was found in the group with alka- 
losis. The ratio of nitrogen to cell water indicates 
a relative cellular dehydration in acidosis with a 
slight increase in hydration in alkalosis. How- 
ever, the changes in cellular hydration are small 
and are not definitely conclusive. 

The most striking abnormalities were found in 
the serial analyses of patient R. (Table I and Fig- 
ure 1) who had persistent vomiting due to a car- 
cinoma of the duodenum. During 63 days he re- 
ceived 239 L of parenteral fluids, therapy being 
primarily directed towards the maintenance of a 
normal hematocrit and normal concentrations of 
serum sodium, chloride and protein. Random 
analyses revealed a continuous loss of potassium in 
vomitus and urine. No parenteral potassium was 
administered. Although the calculation of the 
intracellular space in the last two muscle analyses 
can only be accepted as an approximation because 
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tlie blood and muscle specimens were not simul- 
taneous, the muscle specimens obtained at opera- 
tion and autopsy showed, respectively, that 40 
per cent and 31 per cent of the intracellular cation 
was sodium. The serum values for the autopsy 


specimen were obtained six hours before deatli, 
the autopsy being performed 1 1 hours post mortem- 
The extent to which post mortem changes may 
have modified the calculated intracellular values 
cannot be accurately evaluated at present. 
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DISCUSSION 

~ The calculation of the extracellular and intra- 
-lellular spaces and the electrolytes contained 
llrherein has been based on the concept either that 
_all chloride is extracellular (11, 13, 14), or that a 
, small but invariable amount of chloride is intra- 
cellular (15). Because of inadequate data on hu- 
iman muscle, the possibility of a small constant 
i quantity of chloride within cells has been neglected. 
'However, the obligatory extracellular position of 
chloride has been challenged by recent experiments 
dn which large doses of potassium chloride were 
•.administered (16, 17). An analysis of the results 
-reported here indicates that the chloride content 
•of whole muscle varies directly with the serum 
. chloride concentration. Small deviations from an 
exactly linear relationship may so easily be ex- 
: plained by slight variations in the extracellular 
fluid volume that we are led to believe that there is 
; no significant alteration in muscle cell permeability 
to the chloride ion during disturbances of the type 
reported here. We therefore feel that the use 
of the chloride space as a measure of the extra- 
cellular space is valid for these studies. 

^ Although the number of specimens is too small 
to warrant definitive statistical analysis, it is ap- 
parent in the conditions studied that there has 
, been a loss of intracellular potassium from striated 
muscle with an increase in intracellular sodium. 
The human, therefore, responds in a manner 
, qualitatively similar to other species studied. 

In recent studies Harrow et al. (18) have dem- 
' onstrated a correlation between alkalosis and a 
^ rise in intracellular sodium in the presence of nor- 
! mal renal function. In acidosis produced by the 
administration of ammonium chloride to rats, 

I they found a decrease in the amount of sodium 
within striated muscle cells. Although our stud- 
ies of acidosis have been limited to a single dis- 
ease, narneh^ chronic renal acidosis without ap- 
parent glomerular insufficiency, the fact that these 
patients demonstrate a significant depletion of 
intracellular potassium and a rise in intracellular 
sodium in the presence of systemic acidosis in- 
dicates that these changes are not necessarily 
associated with alkalosis of the body fluids. Al- 
bright ct al. (12) showed that this type of renal ab- 
nonnality was associated with a negative potas- 
sium balance, %chich has been confirmed by 


unreported balance studies of two of our patients. 
These findings, therefore, suggest that the de- 
scribed abnormalities in the intracellular electro- 
lyte pattern may not be specifically related to 
changes in acid-base equilibria, but rather are a re- 
flection of an overall negative potassium balance, 
regardless of the immediate cause. 

The relationship of disturbances in potassium 
metabolism to paralysis has been recently reviewed 
(19). Of our six cases with documented potas- 
sium depletion, only one patient developed paraly- 
sis (subject G., Table I). On the day of biopsy 
the patient was unable to walk, feed herself, or 
turn over in bed. The paralysis had developed 
gradually during the preceding days and had not 
been precipitated by a large carbohydrate intake. 
Serum potassium was 2.5 mEq/L, a value of 2.6 
having been obtained on the second and sixth day 
before the episode of paralysis. Following the 
administration of parenteral and oral potassium 
chloride the patient rapidly improved with disap- 
pearance of all symptoms of paralysis. During the 
following two weeks of observation, the serum po- 
tassium ranged from 2.8 to 3.2 mEq/L. Although 
a spontaneous remission cannot be absolutely 
ruled out, the fact that the paral 3 '^sis disappeared 
following the administration of potassium chloride 
is evidence that the disturbed neuromuscular func- 
tion was actually caused by a potassium deficit. It 
is of particular interest, therefore, that the con- • 
centrations of potassium in the serum and muscle 
of this patient were not significantly different 
from those of the others studied. The findings in 
patient P. (Table I) were almost identical, yefshe 
had no paralysis. On the other hand, patient R. 
(Table I) showed the greatest potassium de- 
pletion, but throughout his hospital course had no 
manifest disturbances of neuromuscular function. 
Our limited observations thus fail to reveal anj' 
correlation between potassium concentration 
within skeletal muscle and the appearance of 
paralj'sis. 

CONCLUSIONS 

1. The association of alkalosis with decreased 
concentrations of intracellular potassium and in- 
creased concentrations of intracellular sodium has 
been confinned Iw anah’sis of biopsies of human 
striated muscle. 
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2. Similar changes have been observed in pa- 
tients with systemic acidosis due to chronic renal 
disease. 

' 3. One patient with severe paralysis attributed 
to potassium deficit showed intracellular changes 
which were quantitatively not different from the 
non-paralyzed patients. 
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STUDIES ON FREE ERYTHROCYTE PROTOPORPHYRIN, SERUM 
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Changes in the free erythrocyte protoporphyrin, 
plasma iron, serum iron-binding capacity and 
plasma copper in normal individuals and in various 
diseases associated with anemia have been investi- 
gated previously in this laboratory (1). The 
present observations were carried out to determine 
the “chemical pattern” of the blood in the preg- 
nant state. 


METHODS 


The hematological methods used have been described 
previously (2). Free erythrocyte protoporphyrin was 
measured according to the method of Grinstein and Wat- 
son (3). The methhd of Barkan and Walker (4) was 
used for the measurement of serum iron. The iron- 
binding capacity of the serum was determined by a modi- 
fication (5) of the method of Schade and Caroline (6). 
Plasma copper was determined according to the procedure 
of Cartwright, Jones and Wintrobe (7). 

Eighty-six pregnant women were studied. The deter- 
minations were made at monthly intervals during preg- 
nancy and the postpartum period. Thirty-one women 
were studied only once, 32 were followed for two months, 
15 for three months, five for four months, and three for 
five months. In the entire study 139 determinations of 
packed red cells were made, 89 erythrocyte protoporphyrin 
determinations, 137 serum iron determinations, 129 plasma 
copper determinations, and 74 determinations of the sejSm 
iron-binding capacity. Sixteen women received ferrous 
sulfate by mouth during a part of the study. The values 
in this group showed no significant deviation from those 
m patients not receiving specific therapy. Nevertheless, 
the values obtained during the period of iron administra- 
tion have not been included in the data presented in the 
figures. Placental blood was collected from the umbilical 
vein immediately after delivery of the placenta. 

In this laboratory, the following are the values found 


in normal females : serum iron 104.3 ± 36.4 Mg per cei 
iron-binding capacity of the sofam 371 ± 35.9 Mg p 
cent, plasma copper 122.7 ± 10.6 Pg per cent (1). O 
served values for free erythrocyte protoporphyTin ha 
shown a skew distribution and the geometric mean tv 
standard deviations has been found to be 34(14 to S 
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pg/100 ml. of red blood cells. The normal subjects were 
not usually examined completely but they were apparently 
healthy and the hematologic determinations including the 
red cell indices were within normal limits in all instances. 


RESULTS I 

Volume of packed red cells. The changes in the 
volume of packed red cells during pregnancy can 
be seen in Figure 1. During the first trimester, 
there was little deviation from the normal mean. 



Xnter^'val.s of loar -weeJes 


Fig. 1. Volume of Packed Red Cells (VPRC) during 
Pregnancy and the Postpartum Period 

This was followed by a gradual decrease in the 
percentage of packed red cells. The lowest values 
were obtained in the last trimester, during the 
latter half of which the mean was found to be 
37.9 ml./lOO ml. as compared with 42.5 during the 
first trimester. During the postpartum period a 
return to values found in non-pregnant women 
took place within the first two months. 

Erythrocyte protoporphyrin. The trend of the 
free erythroc)'te protoporphyrin during pregnancy 
can be seen in Figure 2. There appeared to be a 
slight increase in the mean value during each suc- 
cessive month but only five determinations were 
above, and onlj' slightly above, the upper limit of 
normal. 

Analysis of the relationship of the free erythro- 
cyte protoporphyrin and the mean corpusailar 
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Fig. 2. Free Erythrocyte Protoporphyrin (EP) dur- 
ing Pregnancy and the Postpartum Period 


hemoglobin concentration during the last trimester 
of pregnancy, reveals a correlation coefficient of 
— 0.54. However, since the mean corpuscular 
hemoglobin concentration ranged only from 31 
to 37 per cent with two-thirds of the values 33 or 
34 per cent, this correlation cannot be regarded as 
significant. 

Serum iron. In Figure 3, the values for serum 
iron are presented. In the first trimester, no 
change was observed. After this, there was a grad- 
ual decrease in the mean, reaching the lowest 
value in late pregnancy. Within the first three 
months of the postpartum period a return to nor- 
mal occurred. There were wide individual varia- 
tions at all stages. 

Iron-binding capacity. The changes in the total 
iron-binding capacity of the serum are presented 
in Figure 4. The values during the first 20 weeks 
were found to be within normal limits. During 
the second half of pregnancy the iron-binding ca- 



^ntervals of four 

Fjc. 3. Si RUM If.o.v (SI) du.rinc Pregnancy and the 
Postpartum Period 


pacity increased ; the highest values were found in 
the last trimester. Within eight weeks after de- 
livery, normal values were again attained. It 
should be noted that the iron-binding capacity in- 
creased at the time the serum iron diminished and 
the iron-binding capacity curve is the reciprocal of 
the serum iron curve. 

Plasma copper. The results of the determina- 
tions of plasma copper are shown in Figure 5. 
Of the chemical constituents studied this was the 
first to change during pregnancy. The copper con- 
tent of the plasma became elevated early in preg- 
nancy and increased steadily until the third tri- 
mester, during which period it remained at a maxi- 
mum until delivery. During the first two months 
of the postpartum period the values returned to 
the normal level. 



Fig. 4. Total Iron-Binding Capacity of the Serum 
(TIBC) DURING Pregnancy and the Postpartum 
Pfriod 

Placental blood. The placental and maternal 
serum iron and plasma copper are compared in 
Table I. The specimens were taken from the 
mothers at the time of delivery. As can be seen, 
the values for copper were considerably higher in 
the maternal blood than in the placental blood 


TABLE I 

Comparison of placental and maternal plasma 
copper and serum iron 


Determination 

No. of dct. 

Placental 

Maternal 

Plasma Copper 
fig per cent 
Scrum Iron 

Hg per cent 

14 

7 

75 ± 14 

164 ± 71 

260 ± 42 

75 ± 32 






“chemical pattern” of blood in pregnant state 


TABLE n 


Summary of the data 


Determination 

Normal 

females 

40th week 
pregnancy 

Volume Packed Red Cells 
ml. 1100 ml. 

44.S ± 0.4 

37.9 db 1.0 

Erythrocyte Protoporphyrin 
ugllOO ml. RBC 

39 (16-70) * 

S3 (16-93) * 

Serum Iron 
fig per cent 

104 ± 5.5 

59 =b 6.4 

Total Iron-Binding Capacity 
fig per cent 

371 d= 9.3 

583 ± 50.3 

Plasma Copper 
fig per cent 

123 ± 1.5 

261 ± 10.5 


Values represent mean ± standard error of the mean. 
*_Since the frequency distribution curve is skewed an 
arbitrary range has been selected (1). 


whereas the converse was true in regard to serum 
iron. 

DISCUSSION 

Certain alterations from the normal in copper, 
iron and iron-binding capacity of the serum have 
been observed during pregnancy, while no signifi- 
cant change has been found in free erythrocyte pro- 
toporphyrin. The results are summarized in Table 
n. The earliest change noted was an elevation in 
the plasma copper. This was followed in the mid- 
dle of the second trimester by a decrease in the 
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serum iron and a corresponding increase in the 
serum iron-binding capacity. The greatest changes 
in all three of these values were observed in the last 
trimester. In Table III morphologic and chemical 
studies on 22 women during the last trimester of 
pregnancy are given in detail. These findings are 
in accord with those of others (8-13). 



Fig. 5. Plasma Copper (PCu) during Pregnancy and 
THE Postpartum Period 


TABLE HI 


Detailed morphologic and chemical studies on ZZ pregnant women during the last trimester of pregnancy 


Patient 

Age 

Week 
of preg- 
nancy 

RBC 

Hgb 

VPRC 

MCV 

MCH 

MCHC 

Plasma 

copper 

Serum 

iron 

Erythrocyte 

protopor- 

phyrin 


yrs. 


millions/ 

gm. per 

ml./lOO 




us per 

M per 

lie per 



c.mm. 

cent 

ml. 

C.fi 

yy 

Per cent 

cent 

cent 

cent 

P. E. 

20 

30 

4.34 


35.0 

81 

25 

31 

226 

42 

68 

L. J. 

34 

31 

3.79 

13.2 

37.0 

98 

35 

36 

267 

125 

25 

G. G. 

17 

32 

4.24 

13.6 

41.0 

97 

32 

33 

248 

44 

54 

L. M. 

30 

36 

4.08 

13.8 

\ 

95 

34 

35 

242 

79 

40 

L. 

34 

31 

4.15 

11.9 


86 

29 

33 

224 

30 

44 

G. E. 

22 

34 

4.90 

14.2 

iB 

82 

29 

35 

216 

59 

62 

G. F. 

26 

40 

4.74 

13.1 

41.0 

87 

28 

32 

274 

40 

36 

M. b. 

30 

40 

5.10 

13.8 

40.8 

80 

27 

34 

216 

64 

16 

G. D. 

26 

40 

4.33 

10.8 

35.4 

82 

25 

31 

346 

55 

60 

G. 

23 

30 

4.68 

12.7 

38.4 

82 

27 

33 

235 

40 

55 

A, \v. 

30 

31 

4.18 

12.4 

37.6 

90 

30 

33 

237 

158 

12 

*-»• G. 

■R n 

20 

31 

4.53 

14.5 

40.8 

90 

32 

35 

341 

162 

18 

M tJ 

21 

40 

4.35 

12.9 

40.6 

93 

30 

32 

311 

69 

28 


25 

40 

4.76 

12.6 

38.4 

84 

26 

31 

266 

48 

60 


21 

39 

4.37 

12.6 

38.4 

88 

29 

33 

253 

40 

47 

p rv 

18 

36 

4.97 

13.2 

40.6 

82 

27 

33 

246 

37 

85 

p p 

29 

31 

4.29 

13.5 

36.0 

84 

31 

37 

222 

94 

39 

T r 

23 

40 

4.95 

13.5 

39.6 

80 

27 

34 

248 

71 

64 

n \\T 

31 

30 

4.79 

12.8 

39.0 

80 

27 

33 

220 

54 

56 

R C 

25 

30 

4.98 

13.2 

40.0 

80 

26 

33 

262 

66 

43 

T m' 

24 

40 

4.32 

13.6 

40.4 

93 

31 

34 

214 

154 

29 


19 

40 

4.15 

13.6 

40.6 

98 

33 

33 

195 

29 

69 
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The changes noted during pregnancy differ in 
certain respects from those observed in various 
types of anemia (1). Thus, although as in the 
anemia associated with iron deficiency there was 
an increase in plasma copper, a decrease in serum 
iron and an increase in the iron-binding capacity of 
the serum, the serum iron values in pregnancy did 
not reach the extremely low levels seen in iron de- 
ficiency nor was there the marked increase in the 
free erythrocyte protoporphyrin seen in iron de- 
ficiency anemia. The chemical pattern does not 
correspond to that observed in the anemia of in- 
fection, where an increase in erythrocyte proto- 
porphyrin and a decrease in iron-binding capacity 
of the serum occurs. Even in the presence of in- 
fection, the iron-binding capacity during pregnancy 
was found to remain elevated. 

The increase in iron-binding capacity during the 
latter half of pregnancy occurs at a time when the 
demand for iron on the part of the fetus is great- 
est. The present observations reveal a close time 
correlation between the decrease in serum iron and 
the increase in iron-binding capacity. If the 
changes in these values were a function of varia- 
tions in plasma volume, the deviations would of 
course be in the same direction. It may be that the 
elevation in the iron-binding capacity is part of 
the mechanism for increased iron absorption, mo- 
bilization and placental transfer and is analogous' 
to the increase in iron-binding capacity of serum 
in iron-deficient states. 

The elevation in plasma copper would seem to 
be independent of the changes in iron since there 
is no correlation in time or degree between these 
two values. One explanation that has been offered 
for the high values in the maternal blood is that 
the elevation of copper is related to the mechanism 
for mobilization of the element for placental trans- 
fer. This theory is based on the fact that copper 
storage in the tissues of the fetus, especially in 
the liver, is much greater than in the adult (14- 
16). It has beeen observ'cd also that the copper 
content of placental arterial blood is greater than 
that of placental venous blood by 30 per cent (17). 
This suggests that there is a constant withdrawal 
of copper from the maternal blood via the pla- 
cetua and storage in the fetus. It seems strange, 
however, that the high copper content of the fetal 
tisues sliould be associated with a low fetal plasma 
cv)pp'T, while the high iron content of the fetal 


tissues is accompanied by a high serum iron in 
the fetus and a low serum iron in the mother. 

A relationship between the elevated basal meta- 
bolic rate in pregnancy and the increased plasma 
copper has been suggested (13). Hypercupremia 
has been noted in non-pregnant patients with in- 
creased metabolism (9, 18). An elevation in serum 
precipitable iodine has been observed during preg- 
nancy (19) over the same period of time in which 
an elevation of plasma copper was found in this 
study. Both of these changes are evident before 
there is a change in the basal metabolic rate. It 
is possible that the elevation in plasma copper is 
related to changes in endocrine equilibrium during 
pregnancy. It is clear that additional knowledge 
concerning the metabolism and functions of copper 
is needed before conclusions can be drawn con- 
cerning its significance in various clinical condi- 
tions. 

SUMMARY 

The free erythrocyte protoporphyrin, serum iron, 
serum iron-binding capacity, and plasma copper 
have been measured in 86 normal pregnant women, 
A decrease in the volume of packed red cells was 
noted in the latter part of pregnancy. There was 
no significant change in the free erythrocyte pro- 
toporphyrin, although a slight elevation of the mean 
was found during the later phase of pregnancy. A 
diminution in serum iron was evident during the 
latter part of pregnancy and at the same time the 
iron-binding capacity of the serum increased. 
Plasma copper values increased during the first 
trimester and remained elevated during the course 
of pregnancy. Normal values were regained dur- 
ing the first two months postpartum. Study of 
placental blood revealed low values for plasma 
copper while the serum iron level was higher than 
the corresponding values in the maternal blood. 
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Recent reports of additional factors operating at 
the first stage of blood coagulation have stimulated 
investigators to explore in greater detail the mech- 
anism by which prothrombin is converted to 
thrombin. 

This report describes a new experimental ap- 
proach to the problem of prothrombin conversion 
which, it is felt, may help to clear up some of the 
complexities of this reaction. In the present study, 
it will be shown that thromboplastin added to hu- 
man serum is able to activate a substance which 
will be called a “prothrombin-converting factor.” 
When thromboplastin is added to serum, the ac- 
tivated factor added to plasma then converts pro- 
thrombin to thrombin in the absence of ionized 
calcium. After initial activation of serum by 
thromboplastin, the “prothrombin-converting fac- 
tor” undergoes gradual decay until the serum- 
thromboplastin mixture is no longer reactive. 
“Prothrombin-converting factor” can then be re- 
peatedl)’’ reactivated from the same serum-throm- 
boplastin mixture b}’’ addition of more thrombo- 
plastin. When serum obtained from patients 
treated with dicumarol is activated by thrombo- 
plastin, a more prolonged action of the released 
"prothrombin-converting factor” results. 

The mechanism by which these obser\^ed reac- 
tions are brought about is discussed and a modifica- 
tion of current concepts relating to prothrombin 
conversion is proposed. 

Investigators from different laboratories have 
titilized diverse methods to arrive at the conclu- 
sion that there exist in plasma previously unrec- 
ognized factors which initiate the conversion of 
prothrombin to thrombin. When Seegers cl al. 
(1) studied purified prothrombin, they obsen-ed 
that a slowed rate of prothrombin conversion oc- 
curred after the reaction was initiated by adding 
thromboplastin and calcium. At first this retarded 


conversion was thought to be related to denatufa- 
tion of prothrombin attendant upon chemical pro- 
cedures necessary for_ fractionation and purifica- 
tion. Later Ware et al. (2, 3) and Fantl and 
Nance (4) were able to produce acceleration of 
thrombin formation from this purified prothrombin 
fraction, when serum was added to the prothrom- 
bin, thromboplastin and calcium reaction mixture. 
The protein fraction responsible for accelerating 
prothrombin conversion was called accelerator 
globulin (ac-globulin). Ware et al. (3) believed 
that ac-globulin produced a reaction of co-auto- 
catalysis, wherein thrombin accelerates its own 
formation through an intermediate action of ac- 
globulin. A minute amount of thrombin produced 
early in coagulation of blood, liberates accelerator 
globulin which then intensifies the rate of throm- 
bin formation from prothrombin. 

Milstone (5, 6) reported another plasma globu- 
lin fraction, prothrombokinase, which is capable 
of forming thrombin from prothrombin. Pro- 
thrombokinase is activated by calcium to form an 
active thrombokinase which then converts pro- 
thrombin to thrombin. Activation of the thrombo- 
kinase follows an autocatalytic reaction, requiring 
considerable time before maximum thrombokinase 
activity is reached. 

Quick (7, 8) postulated the existence of pro- 
thrombin A and a labile factor to explain certain 
discrepancies occurring in prothrombin determina- 
tions made by his method. He found that certain 
plasmas with a low concentration of prothrombin 
could be restored to a higher concentration fol- 
lowing the addition of de-prothrombinated plasma 
from a normal individual. These observations 
that some plasmas might be deficient in 
prothrombin A or a labile factor. 

On the basis of studies made on a patient with 
an unusual type of prothrombin deficiency that 
could likewise be restored by addition of de-pro- 
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thrombinated plasma from a normal individual, 
Owren (9) postulated a different interpretation 
of results. He assumed that normal blood plasma 
contains an activator substance for prothrombin 
which he calls Factor VI. Factor VI exists as 
an inactive pro-enzyme Factor V which can be 
activated by thromboplastin and calcium in the 
presence of prothrombin to form Factor VI. 
Factor VI thereupon causes an enzymatic con- 
version of prothrombin to thrombin. 

With these divergent interpretations and defi- 
nitions in mind, it has seemed logical in the ex- 
periments to be reported, to speak of the factor in 
serum, which is activated following the addition 
of thromboplastin, as “prothrombin-converting 
factor.” It may be that the "prothrombin-convert- 
ing factor” is synonymous with Factor VI of 
Owren (9), thrombokinase of Milstone (6), pro- 
thrombin A and labile factor of Quick (7, 8) and 
accelerator globulin of Ware et al. (3). 

EXPERIMENTAL METHODS 

Collection of serum; Blood samples were collected from 
normal individuals and patients hospitalized for miscel- 
laneous diseases. Dry syringes were used to obtain the 
blood and all collections were made as quickly as possible 
to avoid incipient coagulation. The plasma was prepared 
by adding 9.0 cc. of whole blood to 1.0 cc. of 0.1 M 
sodium oxalate solution. Serum was prepared by allow- 
ing whole blood to coagulate in glass tubes with internal 
dimensions of % X 6 inches. Approximately 45 minutes 
later, the clot was rimmed with a wooden applicator and 
the serum, after centrifugation, was separated from the 
clot. 

Preparation of thromboplastin: Dried thromboplastin 
was prepared according to Quick’s method (10). Both 
human and rabbit brain preparations were utilized with- 
out any apparent difference in the results. Fresh throm- 
boplastin suspension was made each day by mixing 0.3 
gm. of dried brain powder with 5.0 cc. of 0.85 per cent 
sodium chloride solution. The thromboplastin suspension 
thus prepared was shaken periodically for 20 minutes at 
SO C. after which, gross particles of brain were removed 
by centrifugation for three minutes at 1,000 R.P.M. 
Thromboplastin suspension prepared in this manner pro- 
duced coagulation of recalcified, fresh, oxalated human 
plasma in 17-20 seconds at room temperature (22° C.). 
. of activating the scrum "prothrombin-convcrl- 

’"g fo‘^^or": Serum to be tested was allowed to remain 
ut room^ temperature for two to three hours to allow 

cstruction of thrombin activity to take place. Thrombin 
activity of serum was measured by adding 0.2 cc. of 
serum to 0.2 cc. of fresh plasma. Coagulation of tlie 
P asma usually did not occur until four or five minutes 

>ad elapsed. Serum capable of coagulating plasma in less 


than four minutes was not used in the tests reported. 
Many of the sera were also tested for prothrombin activ- 
ity by adding 0.1 cc. of serum to 0.1 cc. of fibrinogen and 
0.1 cc. of thromboplastin suspension. The coagulation 
time of this mixture was usually greater than 180 seconds 
indicating that an insignificant amount of prothrombin 
remained. 

Following these preliminary experiments to insure that 
the serum did not contain substances interfering with the 
test, activation of the “prothrombin-converting factor’’ 
was accomplished in the following manner : 

Five-tenths cc. portions of serum were added to 0.1 cc. 
portions of thromboplastin suspension and thoroughly 
mixed. Simultaneously a stop-watch was started and at 
exactly one, three, seven, and 15 minute intervals, 0.1 
cc. of the serum-thromboplastin (serum-TP) mixture 
was withdrawn into a 1.0 cc. pipette, calibrated to the 
tip, and blown into 0.1 cc. of plasma. The coagulation 
time of the serum-thromboplastin-plasma mixture was 
then determined to the nearest second. All of these op- 
erations were carried out at room temperature (22° C.). 
All coagulation tests were made in glass tubes with in- 
ternal dimensions 12 X 25 mm. The coagulation time was 
determined as the point at which the plasma-serum- 
thromboplastin mixture first showed visible fibrin forma- 
tion as the glass tube was tilted gently up and down 
from a diagonal position. A similar dilution of thrombo- 
plastin was made in 0.85 per cent sodium chloride solution 
to which sufficient calcium chloride had been added to 
produce a molarity of calcium ion corresponding to the 
ionized calcium of serum (0.0012 M). When this sus- 
pension was added to the plasma containing 0.01 M 
sodium oxalate, no coagulation occurred. 

Since no calcium had been added to serum prior to 
the addition of thromboplastin, it is evident that the 
coagulating action of the serum-TP mixture could not 
be related to a direct effect of thromboplastin on the 
prothrombin of the plasma. 

Effect of addition of thromhoplastin to serum: 
The kinetics of the reaction taking place after ad- 
dition of thromboplastin to serum are presented in 
Figure 1, which shows the results obtained from 
activation of sera from three normal individuals 
on three successive days. One minute after the 
introduction of 0.1 cc. of thromboplastin suspen- 
sion to 0.5 cc. of serum, 0.1 cc. of the mixture 
added to 0.1 cc. of plasma produced coagulation 
in eight to 13 seconds. After three minutes in- 
cubation of the serum-TP mixture, plasma was 
coagulated in 12-19 seconds. Seven minutes’ in- 
cubation of the serum resulted in plasma coagula- 
tion in 27-41 seconds following the addition of 0.1 
cc. of this mixture to 0.1 cc. of plasma ; while incu- 
bation for 15 minutes resulted in a plasma coagula- 
tion time of 50-80 seconds. If the serum-TP mix- 
ture was allowed to react several hours, no coaguLi- 
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COMPILATION OF RESULTS OF SERUM REACTION CURVES FROM THREE 
NORMAL INDIVIDUALS ON THREE SUCCESSIVE DAYS 



INCUBATION TIME OF THE SERUM-THROMBOPLASTIN MIXTURE IN MINUTES 


Fig. 1 

The coagulation time of oxalated plasma, following 
the addition of serum-thromboplastin mixture, is indi- 
cated on the ordinate. The incubation time of the serum- 
thromboplastin mixture before it is added to oxalated 
plasma is indicated on the abscissa. Observe that maxi- 
mum activation of serum occurs within one minute of 
the time of adding thromboplastin, following which, there 
is a slow decay of coagulating power of the serum- 
thromboplastin mixture. 

tion of the plasma occurred when the serum-TP 
mixture was added to plasma. However, if 0.1 cc. 
of inactive serum-TP mixture was mixed with 0.1 
cc. of plasma and 0.1 cc. of 0.02 M CaCL then 
added, coagulation occurred as rapidly as w'hen 
an identical amount of thromboplastin alone was 
added to plasma along with 0.02 M CaCL. Fur- 
thermore, addition of the inactive serum-TP mix- 
ture to fresh serum caused activation of a “pro- 
thrombin-converting factor” to the same degree 
as thromboplastin correspondingly diluted in saline 
and mixed with serum. Tiiese experiments indi- 
cate that the thromboplastin is still active in the 
serum-TP mixture, but has apparently been al- 
tered in some manner so that activation of the 
‘■prothrombin-converting factor” no longer takes 
place. 


If serum is activated by thromboplastin and then 
the mixture is added to either de-prothrombinated 
plasma or fibrinogen (Figures 2 and 3), little or 
no coagulation is produced, indicating that the 
mechanism of coagulation of the normal plasma 
cannot be related to a thrombin effect. A mixture 
of thromboplastin in 0.0012 M CaCh in physio- 
logical saline which reproduces the molarity of 
ionized calcium in the serum, does not produce 
coagulation of plasma containing 0.01 M oxalate, so 
that one cannot relate the coagulating action of the 
serum-TP mixture to the thromboplastin and cal- 
cium content of the mixture. 


EFFECT OF ADDING SERUM-THROMBOPLASTIN TO 
FIBRINOGEN AND PROTHROMBIN 



WCUBATIW TIME OF THE SERUM-THROMBOPLASTIN MIXTURE IN MINUTES 


Fig. 2. Effect of Adding a Serum-Thromboplastin 
Mixture to Fibrinogen and Fibrinogen-Purified Pro- 
thrombin Solutions 

The ordinate indicates the coagulation time of the vari- 
ous fibrinogen preparations, following addition of serum- 
thromboplastin. The abscissa indicates the incubation 
time of the serum-thromboplastin mixture before it is 
added to the fibrinogen solutions. The uppermost broken 
line represents the results obtained when fibrinogen alone 
was used; while the solid lines show the results obtained 
when varying amounts of prothrombin were added to 
fibrinogen. The bottom broken line shows the effect of 
adding the same serum-thromboplastin mixture to fresh 
oxalated plasma containing a prothrombin concentration 
100 per cent of normal. 
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The maximal coagulating action of the activated 
serum appears one minute after addition of throm- 
boplastin. At this point plasma is coagulated much 
more rapidly than one would expect if one added 
only thromboplastin and calcium to plasma to de- 
termine the prothrombin time. From this evidence 
it can be assumed that addition of thromboplastin 
to serum initiates a reaction which causes liberation 
of a substance which in turn is capable of convert- 
ing prothrombin to thrombin. 

EFFECT OF VARYING CONCENTRATIONS OF PROTHROMBIN IN PLASMA 


JO % plasma- 
prothrombin 
n 20% plasma- 
prothrombin 

30% PLASMA- 
PROTHROMBIN 
50% PLASMA- 
PROTHROMBiN 
100 % PLASMA- 
PROTHROMBIN 
STRAIGHT BaCO, 
plasma 
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Fig. 3 

Prothrombin was adsorbed from plasma with BaCOs. 
Aliquots of fresh plasma were then added to the BaCOj- 
treated plasma to produce the desired concentration of 
prothrombin. The coagulation time of plasma after addi- 
tion of the serum-thromboplastin mixture (ordinate) was 
then plotted against the incubation time of the serum- 
thromboplastin mixture (abscissa). A decreasing con- 
centration of prothrombin in the plasma is associated with 
a more abrupt decay of the activated serum’s power to 
coagulate plasma. The broken-line curve was obtained 
by activating serum from a patient treated with dicumarol 
whose plasma prothrombin concentration was 20 per cent 
of normal. This serum, activated by thromboplastin, was 
then added to a BaCOj-treated plasma containing 10 per 
Cent prothrombin. A striking difference in the activation 
ciiri'c is apparent. 


(CACTIV4TI0N or THE SERUM-THROMeoPLASTIH MIXTUflE 



Fig. 4. Reactivation of a Serum-Thromboplastin 
Mixture by Increments of Thromboplashn 

One cc. of serum was added to 0.2 cc. of thrombo- 
plastin. Thirty minutes later, 0.1 cc. of this mixture was 
added to 0.1 cc. of oxalated plasma and the coagulation 
time recorded. An additional 0.1 cc. of thromboplastin 
was then added to the initial serum-thromboplastin mix- 
ture and one minute later, 0.1 cc. of this was withdrawn 
and added to oxalated plasma. The curve of decay of 
the serum-thromboplastin coagulating substance is inter- 
rupted by addition of fresh thromboplastin. The serum- 
thromboplastin mixture can be repeatedly reactivated as 
shown in this graph. 

The serum-thromboplastin mixture produces 
no coagulation of plasma, after a sufficient period 
of incubation of the serum and thromboplastin has 
taken place. Reactivation of the serum compo- 
nent can be produced, however, when fresh throm- 
boplastin is added to the inactive serum-TP mix- 
ture. After serum and thromboplastin were al- 
lowed to react for 30 minutes, it was found that 0.1 
cc. of this mixture produced coagulation of 0.1 cc, 
of plasma in 120 seconds. An additional 0.1 cc, 
of thromboplastin was then added to the above 
serum-TP mixture. One minute later 0.1 cc. of 
the new serum-TP mixture coagulated 0.1 cc. of 
plasma in 20 seconds, demonstrating that the clot- 
ting activity of the serum-TP mixture had been 
almost completely restored. As shown in Figure 
4, alternating decay and reactivation were oh- 
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served many times. It appears that the activated 
serum factor capable of producing plasma coagula- 
tion is not destroyed but only reversibly inacti- 
vated. It can be reactivated repeatedly, merely by 
adding more thromboplastin to the serum. ( 
Effect of adding activated serum to artificial 
plasmas": The clotting activity of a “prothrombin- 
converting factor” of serum, activated by throm- 
boplastin, was further studied by observing the 
effect of adding activated serum to fibrinogen 
solutions. 

Human fibrinogen ^ was dissolved in 0.85 per 
cent sodium chloride solution (pH 7.5) to make 
a concentration of fibrinogen of 200-300 mg. per 
cent. It will be observed in Figure 2, that serum- 
TP mixture coagulated fibrinogen in 110 seconds 
in contrast to a coagulation time of 10 seconds for 
plasma (bottom broken line). After incubation 
for three minutes, the serum-TP mixture produced 
no coagulation of fibrinogen as compared to a co- 
agulation time of 28 seconds for the plasma. 

A preparation of purified prothrombin^ was 
then added to the fibrinogen solution as follows: 
Prothrombin was dissolved in 0.85 per cent sodium 
chloride solution, adjusted to pH 7.5. Aliquots of 
this solution, representing a known amount of 
prothrombin, were then added to the fibrinogen 
solution. Serum activated by thromboplastin was 
then added to the different solutions of fibrinogen 
and prothrombin and the coagulation times were 
recorded. It will be observed from Figure 2 that 
the reaction curves produced by adding prothrom- 
bin to fibrinogen approximate the same type of 
curve that is obtained when normal plasma is used. 
Plasma was prepared to contain varying amounts 
of prothrombin by the following method: Fresh 
plasma was freed of prothrombin by adding it to 
powdered BaCOj (method of Fantl and Nance 
[4] ). The plasma and BaCOa were shaken vigor- 
ously and allowed to react for 20 minutes. The 
plasma was then freed of BaCOj by rapid centri- 
fugation. The supernatant, clear plasma was re- 
moved and tested for prothrombin activity by add- 
ing thromboplastin and 0.02 CaClj. Complete 
removal of prothrombin was evident since the 
adsorbed plasma failed to coagulate. Sufficient 

“ The preparations of fibrinogen and purified prothrom- 
tuu used in these experiments was supplied through the 
generu-'ity o! Dr. ^Y. II. Seegers, tor which grateful 
.nckiiiiv.'lcdentent is unde. 


fresh plasma was then added to aliquots of the 
BaCOg-treated plasma to produce a 10 per cent, 
20 per cent, 30 per cent, and 50 per cent prothrom- 
bin concentration in the plasma utilized in experi- 
ments presented in Figure 3. These artificially 
prepared plasmas were studied in the same manner 
as fresh plasma to determine the effect of adding 
a serum-TP mixture. It will be observed that 
decreasing concentrations of prothrombin in 
plasma were associated with progressively pro- 
longed coagulation times when the serum-TP mix- 
ture was added. This was particularly apparent 
after the serum-TP had been incubated for seven 
or 15 minutes. Ten per cent and 20 per cent 
plasma produced no coagulation after addition of 
the serum-TP mixture incubated for 15 minutes, 
whereas 100 per cent plasma was coagulated in 64 
seconds by the same mixture. The bottom broken- 
line curve was obtained by activating serum ob- 
tained from a patient treated with dicumarol and 
then adding this serum-TP mixture to plasma con- 
taining 10 per cent prothrombin. The significance 
of this effect will be discussed later. 

On the basis of the above experimental data it 
is felt that there is sufficient evidence to state that 
serum can be activated by thromboplastin to pro- 
duce a “prothrombin-converting substance” which 
is then capable of causing conversion of prothrom- 
bin to thrombin in the virtual absence of ionized 
calcium. Fibrinogen cannot be converted to fibrin 
directly by the serum-activated substance. The 
minimal fibrin formation that does occur when 
serum-TP mixture is added to fibrinogen is prob- 
ably related to small amounts of prothrombin con- 
taminating the fibrinogen solution or to small 
quantities of thrombin or prothrombin residues 
contaminating the activated serum-TP mixture. 

Activation of serum obtained from dicumarol- 
treaied patients: It was found that serum from 
normal individuals, activated by thromboplastin 
and incubated as previously described, clotted 
plasma in a characteristic manner. Most sera from 
patients with various diseases showed little differ- 
ence in this respect. In the presence of severe in- 
fections, liowever, a somewliat more flattened re- 
action curv'e was produced following thrombo- 
plastin activation. For example, the coagulation 
time of plasma after addition of a serum-TP mix- 
ture incubated for 15 minutes was 35 seconds in a 
typical case as compared with 55 seconds for nor- 
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mal serum. In these instances it was found that 
the plasma prothrombin concentration was dimin- 
ished (Quick method [10]), and in the liglit of 
these observations a study was made of sera ob- 
tained from patients who were being treated with 
dicumarol. 

The markedly changed pattern of reaction which 
follows activation of sera by thromboplastin from 
prothrombin-deficient patients, related to adminis- 
tration of dicumarol, is recorded in Figure 5. 
Serum D was obtained 12 hours after administra- 
tion of 300 mg. of dicumarol per os, whereas sera 
C, B, and A, were obtained 36, 60 and 72 hours 
later. An analysis of the corresponding plasma re- 
vealed a reduction of prothrombin concentration 
from 100 per cent of normal to 33 per cent of nor- 
mal (Quick’s method). 


g EFFECT OF ACTIVATIHG SERUM OF PATIENTS TREATED 

£ with dicumarol 

X 

s 


<£ 

SEC. 



INCUBATION TIME OF SERUM-TP MIXTURE IN MINUTES 


Fig. 5 

Sera of patients receiving dicumarol were obtained at 
varj'ing intervals following administration of 300 mg. of 
dicumarol. Serum D, whose corresponding plasma pro- 
thrombin concentration was 100 per cent of normal, was 
obtained 12 hours after dicumarol was given. Similarly, 
serum C (plasma prothrombin 63 per cent of normal) 
was obtained 36 hours after dicumarol ; serum B (plasma 
prothrombin 42 per cent of norma!) and scrum A (plasma 
prothrombin 33 per cent of normal) were obtained 60 and 
72 hours after dicumarol per os. The activated serum- 
thromboplastin mixture appears to have a more prolonged 
action as the corresponding plasma prothrombin concen- 
tration falls. 


It will be observed that the coagulation time of 
the serum-TP . mixture, added to plasma after 
incubation for 15 minutes, is 10 seconds for serum 
B, in contrast to 60 seconds for serum D. Simi- 
larly, serum C, with an intermediate reduction of 
the corresponding plasma prothrombin concen- 
tration also showed an intermediate reduction of 
the plasma-serum-TP coagulation time (36 sec- 
onds) at the end of the 15 minute incubation pe- 
riod. 

When such serial studies are made of patients 
who are receiving dicumarol, it is possible to show 
that there exists a fairly good correlation between 
the shape of the serum-activation curve and the 
concentration of prothrombin in the plasma. As 
the concentration of plasma prothrombin falls, 
a progressive shortening of the coagulation time 
of the serum-TP mixture develops when this is 
tested for coagulating effect on normal plasma after 
incubation for 15 minutes. 

Figure 3, to which reference has previously 
been made, illustrates in another manner the en- 
hanced effect obtained when serum from dicu- 
marol-treated patients is activated by thrombo- 
plastin. It will be observed that coagulation of 
plasma containing 10 per cent concentration of 
prothrombin was more rapid, following addition 
of activated serum from a dicumarol-treated pa- 
tient, than was coagulation of plasma containing 
100 per cent prothrombin following addition of 
activated normal serum. 

Serum from a dicumarol-treated patient was 
more susceptible of activation when smaller 
amounts of thromboplastin were utilized. This is 
clearly shown in Figure 6, where varying concen- 
trations of thromboplastin were employed in acti- 
vation of the normal serum and serum from dicu- 
marol-treated patients. In this experiment 0.1 cc. 
of undiluted thromboplastin is designated “whole 
thromboplastin.” Twofold dilutions of thromlxi- 
plastin suspension were then made in 0.85 per 
cent sodium chloride solution and 0.1 cc. aliquots 
of the diluted suspensions were then added to 0.5 
cc. amounts of serum to effect activation. The ac- 
tivation curv'es were then determined in the same 
manner as described in "methods.” In Figure 6, 
the unbroken lines show results obtained when 
serum obtained from a dicumarol-treated patient 
was utilized. The plasma prothrombin concen- 
tration in this instance was 20 per cent of normal. 
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EFFECT OF VARYING THE CONCENTRATION OF THROMBOPLASTIN 



INCUBATION TIME OF THE SERUM-THROMBOPLASTIN MIXTURE IN MINUTES 

Fig. 6 

Effect of varying the concentration of thromboplastin 
added to scrum to activate the coagulation factor. Re- 
spective dilutions of thromboplastin are indicated on the 
graph. One tenth cc. portions of these dilutions were 
added to serum. After the designated incubation periods 
(abscissa), 0.1 cc. amounts of this mixture were added to 
fresh oxalatcd plasma. There is a lessened coagulating 
effect when the amount of thromboplastin is decreased. 
The difference between activated serum from a patient' 
treated with dicumarol (solid line) and normal serum 
(broken line) is again demonstrated. 

The broken-line curves represent the results ob- 
tained after activation of serum from a normal in- 
dividual whose plasma prothrombin concentra- 
tion was 100 per cent of normal. These data show 
that serum obtained from the dicumarol-treated 
patient was much more effectively activated by 
thromboplastin than the sera of the normal indi- 
vidual. 

It is evident that a striking difference exists be- 
tween sera from fully dicumarolized patients and 
normal senim, following activation of these sera 
by thromboplastin. In fact, the data suggest that 
a converse relationship may exist between concen- 
tnition of plasma prothrombin and the concentra- 
tion of “prothrombin-converting factor” which 
can be acti\-ated from the corresponding serum. 


As the plasma prothrombin concentration falls 
either more “prothrombin-converting factor” can 
be activated from the serum or the effect of the 
“prothrombin-converting factor” is more pro- 
longed. 

In view of the results obtained in a study of 
sera from patients treated with dicumarol, the re- 
sults obtained in a study of a patient with severe 
cirrhosis of the liver associated with a prothrombin 
deficiency, are of particular interest. This patient 
with cirrhosis was found to have a plasma pro- 
thrombin concentration 40 per cent of normal 
(Quick’s method [10]) associated with a coagu- 
lation time of 16 minutes (Lee-White method 
[11]), Vitamin K, administered parenterally, 
produced no change in the plasma prothrombin 
concentration. No disturbance of blood platelets 
or of any other coagulation factor was observed. 
Despite this, the patient developed severe epistaxis, 
purpuric skin lesions and at exitus he developed 
hemorrhage into the gastro-intestinal track. This 
patient’s serum was studied on several occasions 
according to the method described. It showed a 
decreased ability to coagulate normal plasma after 
activation of the serum by thromboplastin as 
contrasted to normal serum. When serum from 
the patient with hepatic disease was • compared 
with serum obtained from a patient receiving 
dicumarol with a reduction of prothrombin to a 
corresponding level, the difference in the two 
curves was quite evident. Several other patients 
with cirrhosis of the liver associated with decreased 
■prothrombin have been studied in this manner. 
None of these patients had any hemorrhagic 
phenomena or disturbance of whole blood coagu- 
lation. In these patients, no results approximated 
those seen in sera of dicumarol-treated patients 
which had corresponding reductions of prothrom- 
bin, However, none showed any striking devi- 
ation of the reaction cun^e from that obtained 
following activation of normal serum and none 
showed such a striking deviation as the above 
patient with the prothrombin deficiency associ- 
ated with disturbance of whole blood coagulation. 

It is probable that the patient with hepatic dis- 
ease associated with purpura, et cetera, had a de- 
ficiency of “prothrombin-converting factor” as 
well as prothrombin itself and that both defects 
may have contributed to the production of the ob- 
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served abnormality of coagulation and the purpuric 
manifestations. 

Effect oj addition oj potassinm oxalate to scrum 
before and after thromboplastin activation: The 
preceding experiments have indicated that once 
activation of the “prothrombin-converting factor” 
has been accomplished, the reaction of prothrombin 
conversion can take place under conditions where 
the amount of ionized calcium is considerably re- 
duced. When the concentration of oxalate in 
plasma is 0.01 M, coagulation by activated serum 
proceeds rapidly. If the molar concentration of 
plasma is increased to 0.02 M, the coagulation 
effect of activated serum is retarded and finally, 
no coagulation results if the concentration of oxa- 
late in plasma is 0.04 M. 

Furthermore, it was found that activation of 
serum by thromboplastin followed by addition of 
potassium oxalate, resulted in a rapid inhibition 
of coagulation activity of the serum-TP mixture. 
This loss of coagulation effect was observed even 
when the serum-TP mixture to which oxalate was 
added one minute later, was reacted with partially 
recalcified plasma. This plasma contained suffi- 
cient calcium more than to neutralize the amount 
of potassium oxalate added to the serum-TP mix- 
ture. It appears, therefore, that potassium oxalate 


TABLE I 


Effect of adding potassium oxalate to serum prior to 
activation by thromboplastin 


Final molar 
concentration 
of oxalate in 
the serum* 

Coagulation time (sec.) 
of serum-TP-oxalate 
mixture added to 

0.01 M oxalated 
plasma 

j Coagulation time (sec.) 
of serum-TP-oxalate 
mixture added to 
0.005 M oxalated 
plasmat 

0 

26.0 

28.0 

.0014 M 

31.0 

31.0 

.0021 M 

31.0 

76.0 

.0028 M 1 

36.0 

70.0 

.0035 M 

43.0 

83.0 

.0037 M 

229.0 

>300.0 

.004 M 

>300.0 

>300.0 


Concentration obtained by dividing molar concentra- 
on of potassium oxalate added by the dilution factor of 
serum and thromboplastin mixture, i.e., 


.02 M 


oxalate = .0028 M. 


nf plasma was made by adding O.OS cc 

Iiii to 0.95 cc. of 0.01 M oxalated plasma. 

'^O'^'^cntrations of oxalate contained in 0.1 cc 
Following this, 0.1 cc 
^nromboplastin suspension were added to thf 
minute later, 0.1 cc. of this mixtur< 
The cc. of 0.01 M or 0.005 M oxalated plasma 

ne coagulation time was then recorded. 


is able to reverse the active “prothrombin-con- 
verting factor” to an inactive form. This may 
represent the mechanism by which activated serum- 
TP mixtures are apparently inhibited in plasma 
containing high concentrations of potassium oxa- 
late. 

Table I demonstrates the effect obtained when 
potassium oxalate was added to serum prior to 
activation by thromboplastin. One-half cc. ali- 
quots of normal human serum were added to 0.1 
cc. amounts of a solution which contained varying 
concentrations of potassium oxalate. Several min- 
utes later, 0.1 cc. of a thromboplastin suspension 
was added to the serum-oxalate mixture. Exactly 
one minute later, 0.1 cc. of the serum-TP-oxalate 
mixture was added to 0.1 cc. of 0.01 M oxalated 
plasma. It will be observed that coagulation of 
plasma resulted as long as the molar concentration 
of potassium oxalate was less than 0.0036 M. 
When the concentration of serum oxalate exceeded 
0.0037 M, the activation of serum by thrombo- 
plastin was inhibited. 

In order to eliminate the possibility that a cumu- 
lative concentration of potassium oxalate in the 
combined serum-TP and plasma might influence 
the speed of coagulation, the following control 
was made. The same series of serum-TP-oxalate 
mixtures was added to .005 M plasma. This 
plasma was prepared by adding 0.05 cc. of 0.1 M 
calcium chloride to 0.95 cc. of 0.01 M oxalated 
plasma. The amount of oxalate added to serum 
was more than neutralized by the concentration of 
calcium in the 0.005 M plasma. At the same time, 
plasma prepared in this manner did not spontane- 
ously coagulate. It will be observed (Table I) 
that the coagulation effect of the serum-TP-oxa- 
late mixture was not enhanced by use of partially 
recalcified plasma. In fact, the speed of coagula- 
tion was prolonged over that obtained in plasma 
which contained a higher concentration of potas- 
sium oxalate. The discrepancy of results ob- 
tained by use of 0.01 M and 0.005 M oxalated 
plasma is not clear, but it seems unlikel)’ that any 
of the coagulation effect can be related to a direct 
action of thromboplastin per sc on the plasma 
prothrombin. 

These data are supportive evidence that pro- 
thrombin conversion can occur when the ionized 
calcium concentration is ver\- low. Tiie impor- 
tance of calcium in coagulation seems to be re- 
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lated to the stage of activation of “prothrombin- 
converting factor.” In addition, once the "pro- 
thrombin-converting factor” has been activated, 
it can be rapidly inactivated if an excess of potas- 
sium oxalate is present in plasma or if potassium 
oxalate is added directly to the active serum-TP 
mixture. 

Effects of physical agents on serum- thrombo- 
plastin activation: It has been shown that serum 
from normal individuals produces a characteristic 
predictable reaction curve following activation 
with thromboplastin (Figure 1). There is a re- 
lease of “prothrombin-converting factor” followed 
by gradual decay of activity. 

A progressive, slow loss of activatable “pro- 
thrombin-converting-factor” occurred when the 
serum was stored at 0° C. prior to addition of 
thromboplastin. A rapid loss occurred if serum 
was kept at 37° C., so that 10-12 hours later, only 
slight activation of the “prothrombin-converting 
factor” resulted after addition of thromboplastin. 

^ EFFECT OF PHYSICAL AGENTS ON ACTIVATION OF 
5 SERUM WITH THROMBOPLASTIN 



INCUBATION TIME OF SERUM-TP MIXTURE IN MINUTES 


Fig. 7 

Kficct o{ change of pH on restoration of activatable 
serum “prothrombin-converting factor." Ultra-violet ir- 
ra'iiation of scnim for two hours prior to activation by 
thromboplastin causes a marked decrease of activatable 
substance. After this serum was treated with alkali, fol- 
lowed by restoration of pH to "A, the activation curve 
approximates tb.at obtained in the untreated serum. 


When serum was irradiated by ultra-violet light, 
a rapid decrease of the “prothrombin-converting 
factor,” capable of activation by thromboplastin, 
resulted. 

Serum which becomes unreactive by aging or 
by ultra-violet irradiation can be almost completely 
restored to activity by treatment with dilute alkali 
or acid. In experiments illustrated in Figure 7, 
0.25 cc. of 0.1 N NaOH was added to 0.5 cc. of 
inactive serum. Thirty minutes later 0.25 cc. of 
0.1 N HCl was added to this mixture to restore the 
pH to a value between 7.0 and 8.0. When serum 
was treated in this manner, it was found to have 
nearly complete restoration of prothrombin-con- 
verting activity following addition of thrombo- 
plastin. 

Storage of serum for as long as one year at re- 
frigerator temperatures does not result in com- 
plete loss of the “prothrombin-converting factor.” 
In fact, some of the sera which became alkaline 
(pH 8.5) after storage, were found to be capable 
of activation by thromboplastin without prelimi- 
nary treatment with alkali or acid. 

These data indicate that the “prothrombin- 
converting factor” of serum does not readily de- 
teriorate, but only becomes reversibly inactivated. 

Effect of crystalline soybean trypsin-inhibitor 
on activation of serum by thromboplastin: Since 
crystalline trypsin-inhibitor substances have been 
shown capable of delaying blood coagulation by 
inhibiting prothrombin conversion (12-14) a prep- 
aration of soybean trypsin-inhibitor ® was employed 
to study the effect of this substance by means of , 
this experimental method. The preparation used 
in this protocol (Figure 8) produced appreciable 
prolongation of the plasma prothrombin time when 
0.1 mg. was added to 0.1 cc. of plasma. Crystal- 
line soybean trypsin-inhibitor was added in vary- 
ing amounts to two different sera, one of which 
was obtained from a normal individual, while the 
other was obtained from a patient receiving dicu- 
marol. The plasma, in the latter instance, was 
found to have a prothrombin concentration 28 per 
cent of normal. Examination of Figure 8 reveals 
that inhibition of activation of serum by thrombo- 
plastin was proportional to the amount of trypsin- 
inhibitor added to the serum. However, the de- 

2 Crj-stalline soybean trypsin-inhibitor was supplied 
through the generosity of Armour and Company, Chemi- 
cal Research Division, Chicago 9, Illinois. 
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■g EFFECT OF SOYBEAN TRYPSIN INHIBITOR ON ACTIVATION 
S OF SERJM BY thromboplastin 



INCUBATION TIME OF SERUM-TP MIXTURE IN MINUTES 
Fig. 8 


Soybean trypsin-inhibitor was added to serum (amount 
designated on the graph) prior to activation by thrombo- 
plastin. Two types of sera are shown, the solid lines 
representing normal sera, whereas the broken lines repre- 
sent sera obtained from a dicumarol-treated patient. 
Trypsin-inhibitor reduces the activity of "prothrombin- 
converting factor,” particularly after the serum-thrombo- 
plastin mixture with trypsin-inhibitor added has been 
incubated for seven minutes. In contrast, the “dicumarol 
serum” was less affected by the trypsin-inhibitor. 

cay curve of the “prothrombin-converting factor” 
was- affected less in the dicumarol than in the nor- 
mal serum. For example, the serum-TP mixture, 
to which 0.2 mg. of trypsin-inhibitor had been 
added, was incubated for seven minutes and was 
found to produce coagulation of plasma in 200 
seconds when normal serum was employed, in 
contrast to a coagulation time of plasma of 65 
seconds when serum obtained from the patient 
treated with dicumarol was used. 

Crystalline soybean trypsin-inhibitor was added 
to plasma in sufficient concentration to reproduce 
the amount which would be carried over in the 
above serum-TP mixtures. Serum was then ac- 
tivated by thromboplastin in the usual manner and 
Bdded to the plasma-trypsin-inhibitor system. It 
"as found that no inliihition of t!ie activated “pro- 


tbrombin-converting factor” resulted. This ob- 
servation indicates that soybean trypsin-inhibitor 
delays coagulation either by inhibition of thrombo- 
plastin or by inhibition of activation of the serum 
“prothrombin-converting factor.” 

DISCUSSION 

When plasma coagulates, it is apparent that sev- 
eral constituents are either removed or destroyed 
as a result of the coagulation process. Prothrom- 
bin is removed by being converted to thrombin, 
which in turn is either destroyed or combined with 
other plasma components to form “metathrombin” 
(10). Fibrinogen is converted to fibrin which can 
then be removed as a clotted mesh. Serum, an- 
other end product of coagulation, contains, there- 
fore, only small amounts of prothrombin and 
thrombin which deteriorate on standing and “met- 
athrombin” which has been reported capable of 
reconversion to thrombin under suitable experi- 
mental conditions (15). At first it seemed logical 
to suppose that the coagulating effect of serum 
to which thromboplastin had been added was 
related to reconversion of “metathrombin” to 
thrombin. However, from the results of experi- 
ments with fibrinogen solutions and deprothrom- 
binated plasmas it became apparent that the coagu- 
lating effect of activated serum could not be due 
to thrombin, but rather represented some factor 
which initiated coagulation through an intermedi- 
ate action on prothrombin. It therefore seemed 
necessary to conclude that serum contains a “pro- 
thrombin-converting factor” which can be acti- 
vated by thromboplastin. During the process of 
blood coagulation, the “prothrombin-converting 
factor” present in an inactive state in vivo in cir- 
culating plasma is activated either by thrombo- 
plastic globulin or tissue, or platelet thromboplastin 
to produce an active “prothrombin-converting 
factor” which in turn causes conversion of pro- 
thrombin to thrombin. Following the initial re- 
lease of “prothrombin-converting factor” it is 
then converted to an inactive substance producing 
no effect on coagulation until more thromboplastin 
is added to reactivate it. 

When serum is utilized to study the activation of 
the “prothrombin-converting factor” there is no 
substrate upon which this factor can effect a nor- 
mal reactive process. It has been possible, there- 
fore, to dissect the first stage of blood coagulation 



502 


RALPH F. JACOX 


and study this process more completely. By this 
method of study one can demonstrate a sudden 
release of “prothrombin-converting factor” soon 
after serum has been in contact with a suspension 
of thromboplastin. Following this, the “prothrom- 
bin-converting factor” slowly disappears from the 
serum-thromboplastin mixture. The degree of re- 
lease of “prothrombin-converting factor” is di- 
rectly related to the concentration of thrombo- 
plastin added to the serum for activation. Simi- 
larly, if one uses plasma which contains a reduced 
concentration of prothrombin, the clotting time 
will be correspondingly prolonged following ad- 
dition of an active serum-TP mixture. 

The mechanism by which the inactive serum 
“prothrombin-converting factor” is activated by 
thromboplastin is a topic for critical consideration. 
Ferguson (12), MacFarlane and Pilling (13), and 
Grob (14) have shown that serum and pancreatic 
trypsin-inhibitor substances have an appreciable 
influence on in vitro prothrombin conversion. It 
has been shown above that a crystalline soybean 
trypsin-inhibitor substance can appreciably alter 
the reaction curve when this is added to serum 
which is then activated by thromboplastin. 
Whether this effect is related to a neutralization 
of thromboplastin as MacFarlane and Pilling (13) 
believe, thereby diminishing the activating effect 
of the thromboplastin for serum, is not clear. 

The type of reaction seen in the serum which has 
been aged or treated with ultra-violet irradiation 
may be related to a reversible denaturation of the 
reacting system, so that thromboplastin can no 
longer activate the “prothrombin-converting fac- 
tor.” When serum is treated by changing the pH, 
as described, then the “prothrombin-converting 
factor” again becomes capable of activation by 
thromboplastin in much the same manner as seen 
in fresh, normal serum. 

On the basis of studies made on serum obtained 
from patients treated with dicumarol, it is apparent 
that there is a decided change produced in plasma, 
irrespective of the effect of dicumarol on the plasma 
prothrombin concentration. Tlie data presented 
suggest that dicumarol administration is associ- 
ated not only with a decreased concentration of 
prothrombin in the plasma, but also an increase of 
“prothrombin-converting factor.” If this type of 
balance operates to preserve homeostasis of the 
coagulative mechanism, in that a reduction of pro- 


thrombin would be counter-balanced by an in- 
creased concentration of “prothrombin-converting 
factor,” then the enigma of marked prothrombin 
reduction without a profound disturbance of the 
coagulation mechanism might be more easily com- 
prehended. A different and adverse situation ap- 
peared to be present in the patient with cirrhosis 
of the liver, who had a moderate reduction of pro- 
thrombin with associated hemorrhagic and coagula- 
tive disturbance, and at the same time was found to 
have a decrease in “prothrombin-converting fac- 
tor.” 

One must consider furthermore that the al- 
tered reactivity of activated serum from dicu- 
marol-treated patients might be associated with a 
decrease of inhibitor substance, thereby permitting 
a prolonged effect of the “prothrombin-converting 
factor.” 

On the basis of the experimental evidence pre- 
sented, a revised formula of blood coagulation is 
suggested. 

1. (“Prothrombin-converting factor" — Inhibitor) -p 
(Thromboplastin) -f (Ca'^'*') -*• (Thromboplastin — 
Inhibitor — Ca++) -f ("Prothrombin-converting factor") 

"Prothrombin-converting 

2. Prothrombin Thrombin 

factor" 

3. Fibrinogen Thrombin Fibrin 


The validity of this equation might be strength- 
ened if it could be determined whether thrombo- 
plastin is altered after it is added to serum. It has 
already been pointed out that thromboplastin re- 
mains unchanged if one attempts to determine the 
activity of thromboplastin by in vitro coagulation 
studies. 

In vivo studies by Thomas (16) indicate that 
thromboplastin is changed when it is incubated 
with serum. He observed that thromboplastin in- 
jected intravenously into mice produced death by 
causing intra-vascular clotting. If thromboplastin 
was allowed to react with rabbit serum for several 
hours, many times a minimal lethal dose of throm- 
boplastin could be injected intravenously without 
producing any adverse effect on the mice. Despite 
this, the “inactivated” thromboplastin had normal 
coagulative properties when in vitro studies were 
made. Thomas (16) treated thromboplastin with 
serum, following which he centrifuged the thrombo- 
plastin suspension free of the serum. When this 



503 


ACTIVATION OF SERUM "pROTHROMBIN-CONVERTING FACTOR” 


preparation was treated with potassium oxalate, it 
again became reactive to produce intra-vascular 
coagulation of blood. Similarly, he showed that 
thromboplastin was not inactivated by adding it 
to oxalated plasma and would continue to produce 
death in mice following intra-venous injection. 
These observations suggested to Thomas that a 
thromboplastin-inhibitory component of serum 
combined with thromboplastin in the presence of 
ionized calcium. This combination was easily 
dissociable if calcium ion was removed. 

If these observations are applied to the equation 
suggested above to explain blood coagulation, it 
appears that the mode of activation of the “pro- 
thrombin-converting factor” might be related to 
a combination of thromboplastin with an inhibitor 
to release the “prothrombin-converting factor.” 
It has been shown that such activation cannot take 
place unless ionized calcium is present. 

It is much more difficult to explain how the 
serum-TP mixture finally becomes inert, only to be 
reactivated again by adding more thromboplastin 
or by adding more fresh serum. 

No attempt has been made to correlate the above 
described “prothrombin-converting factor” with 
the chloroform-activated factor of serum and 
plasma, described by Tagnon et al. (17, 18). 
These workers have shown that treatment of serum 
or plasma with chloroform produces a substance 
which causes conversion of prothrombin to throm- 
bin in the absence of ionized calcium. In addition, 
this factor causes lysis of fibrinogen and fibrin. 
When plasma was coagulated by a serum-TP 
mixture, according to the method described in this 
report, no lytic action of the serum-TP mixture 
was observed. However, Tagnon and co-workers 
have shown that thromboplastin and prothrombin 
inhibit the lytic action of the chloroform-activated 
factor. 

It is possible that the chloroform-activated fac- 
tor may be identical with the thromboplastin-acti- 
vated factor described in the above experiments. 
Chloroform may cause a selective destruction of 
the inhibitor in the postulated "prothrombin-con- 
verting factor”-inhibitor complex, thereby perma- 
nently releasing a “prothrombin-converting fac- 

SUMMARY 

1- Preliminary investigations are reported 

iidi describe a method of activation of a pro- 


thrombin-converting substance (“prothrombin- 
converting factor”) by adding thromboplastin to 
serum. The activated “prothrombin-converting 
factor” causes conversion of prothrombin in the 
virtual absence of calcium; slowly decreases in 
activity following liberation from serum by throm- 
boplastin; can be reactivated again by adding 
more thromboplastin to the inactive serum-throm- 
boplastin mixture; and is unable to cause direct 
conversion of fibrinogen to fibrin. 

2. Serum of dicumarol-treated patients, which 
is activated by thromboplastin, has a more sus- 
tained release of "prothrombin-converting factor.” 
The activity of “prothrombin-converting factor,” 
under these circumstances, increases as the level 
of plasma prothrombin falls. Conversely, a pa- 
tient with cirrhosis of the liver, associated with an 
hemorrhagic disorder, was found to have a de- 
crease of “prothrombin-converting factor” as well 
as a reduction of plasma prothrombin. 

3. On the basis of the experimental evidence out- 
lined, a revision of the generally accepted theory 
of blood coagulation is proposed.'* 
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Three different forms of blood iron have been 
described: hemoglobin iron, plasma (transport) 
iron, and "easily split-off” iron (E.S.Fe). The 
latter fraction, first studied by Barkan (1) and 
Lintzel (2), constitutes 5 to 10 per cent of the total 
blood iron. It derives its name from the fact that 
when blood is acidified and incubated with dilute 
hydrochloric acid the “easily split-off” fraction is 
ionized so that it can be separated from the remain- 
ing hemoglobin iron by dialysis or ultrafiltration. 
Lintzel and Radeff (3), and Legge and Lem- 
berg (4) have demonstrated that E.S.Fe may be 
obtained in a similar manner from crystalline 
hemoglobin. 

The amount of iron which can be “easily split 
off” from hemoglobin can be influenced in several 
ways. If blood or hemoglobin is treated with car- 
bon monoxide, with reducing substances (ie., as- 
corbic acid, NajSzO^), or is evacuated of its oxy- 
gen prior to the addition of dilute hydrochloric 
acid, the ionization produced by the acid is re- 
duced considerably (4-6). In addition, changes 
in the concentration of acid alter the size of the 
fraction (7-9). It is largest when the concentra- 
tion of HCI is approximately 0.03 N and de- 
creases progressively as the amount of acid is in- 
creased to about 0.6 N ; further increases in HCI 
then cause comparatively little additional change. 
At concentrations of 0.1 N, nitric and sulfuric 
acids ionize nearly twice as much of the iron in 
red cells as does hydrochloric acid (7). 

The nature and biologic significance of E.S.Fe 
blood iron have remained in doubt. Some work- 
ers have regarded the fraction as an artefact pro- 
duced by the oxidation of the prosthetic group of 
the hemoglobin molecule by oxygen evolved when 

^ These studies were supported by research grants es- 
toblishcd in memory of Philipp Hunkel and Nathan 
Greenberg. 


acids are added to oxyhemoglobin. Barkan and 
Schales, however, presented evidence to show 
that E.S.Fe is derived from an intracorpuscular 
degradation product of hemoglobin, a bile pigment- 
iron-globin compound with an open porphyrin 
ring which they called pseudohemoglobin (6, 10).^ 
This explanation was altered by Legge and Lem- 
berg (4). After confirming the observation (6, 
10), that about two-thirds of the E.S.Fe fraction 
was split-off only in the presence of oxygen and in 
the absence of reducing substances while the re- 
maining third was ionized even in inert gases or 
CO, they concluded that the larger of these two 
fractions is an artefact while the smaller is at 
least partially attributable to a bile pigment-hemo- 
globin which gives rise to bile pigments when 
treated with acids. Even though these interpre- 
tations differ, both groups of investigators believe 
that at least a portion of E.S.Fe is derived from an 
intraerythrocytic pigment formed as one of the in- 
itial steps in the breakdown of hemoglobin to bili- 
rubin. 

On the other hand, the experiments with radio- 
active iron reported by Miller and Hahn (13) sug- 
gested that E.S.Fe is really an artefact. These 
observers administered radioactive iron to dogs 
and observed that several days later there was as 
much of the isotope present in the E.S.Fe of red 
blood cells as was found two weeks later. If all 
of the E.S.Fe is derived from a degradation pro- 

- Pseudohemoglobin was prepared in vitro by Barkan and 
Schales by oxidizing oxyhemoglobin with hydrogen perox- 
ide in the presence of cj-anide (10). Legge and Lem- 
berg (4), in many of their studies, used choleglobin pre- 
pared by coupled oxidation of hemoglobin and ascorbic 
acid (11). In both compounds, the alpha-CH= bridge 
of the heme molecule is open, and iron is readily dis- 
sociated by dilute acids. Both may be classified as verdo- 
hemoglobins. Liebecq regards them as being very simi- 
lar, if not identical substances (12). 
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DAYS AFTER INJECTION 

Fig. 2. Concentration of Radioiron Appearing in Whole Blood and “Easily 
Split-Off" Blood Iron of a Healthy Adult Man After Intravenous Injection 
of Fe“ 

5.6 mgm. of radioiron (Fe'’) having 7,200,000 counts per minute were given intra- 
venously as ferrous ascorbate. 

(See also explanations for Figure 1.) 



DAYS AriCQ INJECTION 

Fig. 3. Concentr.xtion of Radioiron Appearing in Whole Blood and “Easily 
Split-Off” Blood Iron of a Healthy Adult Man After Intravenous Injection 
OF Fe" 

5.6 mgm. of radioiron (Fe”) having 7,200,000 counts per minute were given intra- 
venously as terrou-S ascorbate. 

tSee also explanations for Figure 1.) 



Comt>arisori of radioactivity in whole blood iron, "easily split-off" iron separated from oxyhemoglobin, and "easily split-off" iron separated from blood 

which had been saturated with carbon ntonoxtde 
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In neither instance was there any significant 
difference between the radioactivity per milli- 
gram of T.B.Fe and that per milligram of E.S.Fe. 
The greatest discrepancies appeared on days 24, 
41, and 62 in Dog I. The significant fact, however, 
is that there was no tendency for the radioactivity 
in the E.S.Fe fraction to increase as the red cells 
containing the isotope grew older. In the legends 
to Figures 4 and 5 are tabulated representative 
blood counts obtained during the course of the ex- 
periment. From these data it is evident that the 
hemoglobin increased in each animal as it re- 
covered from the anemia induced by hemorrhage. 
This increase in hemoglobin caused a dilution of 
the radioiron in the blood and accounts for the 
gradual decrease in the radioactivity per milligram 
Fe in both the T.B.Fe and E.S.Fe. 

In Dog III, a hemorrhagic anemia was also in- 
duced. This animal was followed for only 22 
days after he had been given radioiron orally; 
E.S.Fe was determined after blood had been satu- 
rated with CO. The counts per minute per milli- 
gram of iron in the T.B.Fe fraction agreed very 
well with the activity in the fraction separated after 
exposure to CO (Table 11). 

TABLE ir 

Comparison between the concentration of radioactive iron in 
whole blood and in the "easily split-off” blood 
iron fraction, determined after satu- 
ration with carbon monoxide 
Dog III 


1 

Days 

after 

oral 

admin> 

istration 

Total blood Fe 

“Easily spIit-off“ Fe deter- 
mined after saturation 
ivith carbon monoxide 


Radioactivity 


Radioactivity 


mgm.! 

ct./min.l 

ct.fmin.f 

mem.t 

cl. (min, i 

ctelminj 


too ml. 

too ml. 


m ml. 

■ too ml. 

mgm. 

1 

blood 

blood 

Fe 

blood 

blood 

Fe 

8 ! 

42.65 

512,500 

12,000 

0.94 

11,370 

12,100 

22 i 

i 

44.60 

524,000 

11,750 

1.06 

12,080 

11,400 


The animaj had been made anemic by repeated bleeding 
prior to administration of radioiron. 47.6 mgm. of radio- 
active iron (Fe“ and Fe^’) were given by stomach tube, as 
ferric chloride. Total counts = 11,900,000/min. 

III. Human subject with hypochromic anemia 

A study similar to that described in the two 
previous sections was made on a woman, S. W., 
35 years of age, with a severe degree of hypo- 
chromic anemia (Figure 6). In this instance, the 
radioiron was given orally. The absorbed isotope 
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DAYS AfTtR INJECTION 

Fig, 4. Concentration of Radioiron Appearing in Whole Blood and “Easily 
Split-Off” Blood Iron of a Dog Made Anemic by Induced Hemorrhage 
17.4 mgm. of radioiron (mixture of Fe“ and Fe'”) were given intravenously as 
ferric chloride. Total counts = 7, 200, 000/min. 

c.v. 

22.5 

35.5 

46.0 

49.0 

49.5 


Day 

R.B.C. 

Hb, 

1 

3.26 

6.5 

u 

5.48 

10.3 

41 

6.22 

14.4 

90 

7,77 

15.8 

145 

7.20 

15,9 


(See also explanations for Figure 1.) 



days Arrco injection 

Fig. 5. Concentration of Radioiron Appearing in Whole Blood and “Easily 
Split-Off” Blood Iron of a Doc Made Anemic by Induced Hemorrhage 
34,8 mgm. of radioiron (mixture of Fc“ and Fe”) were given intravenously as ferric 
chloride. Total counts = 14, 400,000/min. 


Day 

R.B.C. 

Hb. 

C.V. 

1 

3.41 

6.5 

23 

U 

5.21 

10.2 

35.5 

41 

6.8 

15.0 

46 

90 

7.35 

15.6 

47 

145 

6.9 

1S.4 

50 


( See also explanations for Figure I.) 
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Fig. 6. Appearance of Radioibon in the Whole Blood and “Easily Split-Off” 
Blood Ibon Fraction of a Patient with Hypochromic Anemia 
55 tngm. of radioiron (mixture of Fe“ and Fe") given orally as ferrous chloride. 
Total counts = 32, 000, 000/min. Patient was treated with 2.4 gm. of ferrous glu- 
conate daily after the 16th day. 


Day 

R.B.C. 

Hb. 

c.v. 

1 

4.41 

8.6 

28 

16 

4.11 

8.7 

27.5 

42 

5.11 

10.1 

35 

71 

4.37 

12.4 

38 

144 

3.82 

10.1 

32 


(See also explanations for Figure 1.) 


was utilized promptly for hemoglobin synthesis, 
but by the time observations were discontinued on 
the 144th day the amount of radioiron in her 
peripheral blood had decreased to approximately 
one-third of the peak value. This fall was un- 
questionably caused by menorrhagia with the loss 
■ of large amounts of blood. 

As in the normal subjects and in the dogs, the 
radioactivity per milligram of iron in both T.B.Fe 
and E.S.Fe remained almost identical during the 
whole period of study. 

fV. Patients with Addisonian pernicious anemia 

In order to study the differences which might 
occur in the radioactivity present in T.B.Fe and 
E.S.Fe during the first few days after administra- 
tion of the isotope, it was necessary to select sub- 
jects who were manufacturing hemoglobin at an 
accelerated rate. This precaution was required 
to make certain that the amount of radioiron pres- 


ent in the fractions during the first few days would 
be large enough to count. Accordingly, radioiron 
was given intravenously to three patients with 
Addisonian pernicious anemia during the period 
of accelerated erythropoiesis following the institu- 
tion of specific therapy. The results for two of 
these observations are charted in Figures 7 and 8. 
Utilization of the injected isotope was prompt and 
approximately complete. In the first subject (O. 
A. W., Figure 7) more radioactivity was dis- 
covered during the first two days per milligram of 
iron in the E.S.Fe fraction than in the T.B.Fe. 
As will be emphasized later, this increase was prob- 
ably due to the radioactive iron remaining in the 
plasma. After the first 48 hours, the radioactivity 
per milligram of iron in E.S.Fe remained slightly 
but consistently lower than in T.B.Fe. 

Determinations of E.S.Fe after blood had been 
saturated with carbon monoxide were made on the 
second patient (J. M., Figure 8). This patient 
was the only one of all the subjects studied in 
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Fig. 7. Appearance of Radioiron in the Whole Blood and “Easily Split- 
Off” Blood Iron Fraction of a Patient with Pernicious Anemia during Re- 
sponse TO Liver Extract 

Liver extract in therapeutic doses had been given approximately two weeks prior to 
the injection of radioiron. 6.5 mgm. Fe™ as ferrous ascorbate injected intravenously. 
Total counts: 10,980,000. 


Day 

R.B.C. 

Hb. 

c.v. 

1 

2.75 

7.8 

27 

10 

3.77 

11.3 

35.5 


(Sec also explanations for Figure 1.) 



days AriEQ. INJECTION 

Fig. 8. Appearance of Radioikon in the Whole Blood and “Easily Split- 
Off” Blood Iron Fraction of a Patient with Pernicious Anemia during Re- 
sponse TO Vitamin Bu 

Three weeks prior to the radioiron 46 fig. of Vitamin B^ had been given intra- 
muscularly. Five mgm, of Fe” as ferrous ascorbate injected intravenously. Total 
counts : 2,840,000. Red blood cell -values were increasing rapidly at the time the iron 
was administered. 

(Sec also explanations for Figure 1.) 




EVIDENCE THAT “EASILY StLlT-OFF** BLOOi) Ee AN ArtEEACT 


whom the radioactivity per milligram Fe of E.S.Fe 
differed significantly from that in T.B.Fe. It was 
consistently lower during the 48 days of observa- 
tion ; further study became impossible when the pa- 
tient left the hospital. The reason for this differ- 
ent result is not clear. That it w'as not due to the 
fact that determinations were done in CO was 
demonstrated on the 32nd and 48tli days when 
E.S.Fe was measured in the usual manner (Table 
I) ; a similar lower activity ^vas found. 

The radioiron in plasma during the first 48 hours 
after injection of radioactive ferrous ascorbate was 
followed in the third subject (W.S., Table III). 


TABLE III 

Radioactive Fe in the plasma of a patient with pernicious 
anemia (l-F. S.) during first 48 hours after 
intravenous injection of 


Time following 
radioiron I.V. 

hours 

15 

24 

48 


Counta/min./IOO mi. 
plasma 


6380 

3120 

880 


Five m^m. Fe“ given I.V. as ferrous ascorbate 21 days 
after jnitiation of liver therapy. Red blood cell values 
were rising rapidly during the time these observations were 
made. Total counts administered = 7,900,000. 


It can be seen that relatively large amounts of 
radioactivity were present in the plasma during 
this period. Since the plasma iron is also ionized 
hy the concentrations of acid used for determina- 
tion of E.S.Fe, the radioactivity in this latter frac- 
tion would tend to be falsely high during the first 
several days after injection of radioactive iron. 
This fact probably accounts for the high concen- 
trations of Fe”® in te E.S.Fe fraction observed at 
24 and 48 hours in O. A. W. (Figure 7). 

V. Effect of storkig blood 

If hemoglobin transformation to bilirubin be- 
gins within the red blood cell by formation of a 
verdohemoglobin, then it is possible that the in- 
tracorpuscular degradation of hemoglobin would 
take place' more rapidly in stored blood. Should 
this occur in blood which contains hemoglobin 
tagged with Fe®®, one would expect that the radio- 
activity per milligram of iron would progressively 
increase in the E.S.Fe fraction. To test this possi- 
hility, blood obtained from F. M,, an adult male 
with malignant hypertension, was collected on the 
seventh day following the first of two injections 
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of tagged ferrous ascorbate. As described in the 
Methods Section, the' blood was stored in small 
flasks at 4° C. On the second, 20th, and 28th 
days, flasks were removed for analysis. While 
there was a tendency for the total amount of 
iron in the E.S.Fe fraction to increase, particu- 
larly when CO was used to saturate the blood, 
there was no appreciable change in the radio- 
activity per milligram of iron (Table I). Obser- 
vations had to be terminated after 28 days because 
the cells became hemolyzed. 

DISCUSSION 

In all observations except those made on one 
of the patients with pernicious anemia (J. M., 
Figure 8), there was extremely close correlation 
between the radioactivity per milligram of iron in 
whole blood and that in the “easily split-off” frac- 
tion. Radioiron appeared just as promptly in the 
E.S.Fe fraction as in the T.B.Fe. There was, 
furthermore, no tendency for the concentration of 
radioactivity in the E.S.Fe to increase as erythro- 
cytes aged and reached the end of their life span, 
as would be expected if E.S.Fe bore any relation- 
ship to the formation of an intracorpuscular degra- 
dation product of hemoglobin. The same type of 
result was obtained whether E.S.Fe was deter- 
mined on oxygenated blood or on blood which had 
been saturated with carbon monoxide prior to the 
addition of acid. The data indicate that “easily 
split-off” blood iron as defined by Barkan is an 
artefact and originates entirely or almost entirely 
from intact hemoglobin. 

These observations do not, however, eliminate 
the possibility that a small fraction of E.S.Fe may 
originate from an intraerythrocytic verdohemo- 
globin like choleglobin or pseudohemoglobin. It 
is conceivable that the methods used were not deli- 
cate enough to detect the small increase in con- 
centration of radioiron which would occur in 
E.S.Fe under these circumstances as the cells 
aged. That such a possibility exists, is suggested 
by Lemberg’s and Legge’s (17) demonstration 
that: (I) normal human red blood cells contain 1 
to 5 fig. of biliverdin combined as choleglobin per 
milliliter of cells; and (2) the injection of phenyl- 
hj'drazine into rabbits causes an increase in the 
choleglobin of their er 3 -throcytes. Gardikas, Kench 
and Wilkinson (18), however, have recently criti- 
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cized the, technique used by Lemberg and Legge 
on the grounds that choleglobin might well have 
been formed during their determinations. Gardi- 
kas et al. repeated the observations under anaerobic 
conditions and failed to detect choleglobin in 12 
separate samples of blood. Furthermore, except 
in one instance each of leukemia, pernicious ane- 
mia, and obstructive jaundice, they failed to dem- 
onstrate the pigment in blood taken from patients 
with pernicious anemia, leukemia, hemolytic ane- 
mias, polycythemia, or hepatic and obstructive 
jaundice. At the present time, therefore, there re- 
mains no unchallenged demonstration that any pig- 
ment formed as a degradation product of hemo- 
globin regularly occurs within red blood cells. 
There is no convincing evidence that the transi- 
tion of hemoglobin to bilirubin begins as an in- 
traerythrocytic process. It is emphasized that 
even if such a pigment were found to be present, 
it would account for only a small fraction of E.S.Fe 
and would not seriously affect the conclusion that 
the E.S.Fe fraction is an artefact. 

SUMMARY AND CONCLUSIONS 

At intervals following the administration of 
radioactive iron to normal human subjects, to pa- 
tients with hypochromic and pernicious anemias, 
and to dogs made anemic by repeated bleeding, the 
concentration of radioactive iron in the total blood 
iron and in “easily split-off” iron was measured. 
In some of the observations “easily split-off” iron 
was determined on samples of blood which had 
been saturated with carbon monoxide prior to the 
addition of acid. In one experiment, citrated 
blood was stored at 4° C. and determinations were 
made at intervals for 28 days. Radioactivity ap- 
peared in the “easily split-off” blood iron fraction 
just as promptly and in the same concentration 
as it appeared in hemoglobin. No correlation was 
noted between the radioactivity in the “easily split- 
off” iron fraction and ageing of the red blood cells. 
It is concluded that “easily split-off” blood iron, 
whether determined on o.xygenated blood or on 
blood saturated with carbon monoxide, is an arte- 
fact. The possibility exists that a small fraction 
of the “easily split-off” iron may be derived from 
intraerythrocytic verdohcmoglobin, but no con- 
vincing evidence exists for the presence in red 


cells of such a pigment nor for the belief that de- 
gradation of hemoglobin begins within the erythro- 
cyte. 
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The introduction of the cardiac catheter by 
Forssman (1) and its later development as a use- 
ful physiological instrument by Cournand (2, 3) 
have made possible the determination of the car- 
diac output by the direct Fick principle in man 
(4). Using this method, a number of investi- 
gators have reported values of 5.5 to 6.5 liters per 
minute for the basal cardiac output, which cor- 
respond to 3.1 to 3.8 liters per minute jrer square 
meter of body surface area (3, 5-8). These 
values are higher than those obtained earlier with 
the Grollman acetylene inhalation method or the 
Krogh-Lindhard nitrogen oxide method (3.9 li- 
ters per minute) (9-12). The arteriovenous 
oxygen difference, determined according to the 
Fick metliod. has been found to be 40 to 45 cc. 
per liter of l)lood. as compared with 60 cc. per 
liter of blood using the acetylene method. This 
discrepancy has been discussed at length. It has 
been suggested by those working with the gas in- 
halation methods, that the heart catheterization 
]>roccdure so disturbs the subject, that basal values 
cannot be secured. Different investigators using 
the catheter technique have obtained the same 
values in similar series, without an increase in 
oxvgcn consumption, heart rate or Idood pressure 
(3). and have pointed out that these values have 
all varied consistently from those obtained by the 
Grollman technique. 

'I'hc purpose of the work described in this .study 
was to determine the cardiac out]nu simultaneously 
by both metlK'ds and to account for any difi'erences 
noted. 

M.\TKKIAI- .\NI> MKTlton 

Miilical sUkIciU'. nursi-.'- or patients with minor cardio- 
va^cnlar ili'ea-.i-s were n-ed as suldects. 

Tile -iilijects were trained lor the Grolintan technique 
the day before tile study. The lieart catlieterization was 
il 'tii aeeordinc to earlier de'Crijitions (3, S'). The .'-am- 
p!i of inixui \euou' iiio.td wa> aluay> taken from tlie 


pulmonarj’ artery and the arterial blood from the brachial 
artery. The first cardiac output was determined accord- 
ing to the Fick principle after the heart catheter and the 
arterial needle had been in place for at least 30 minutes. 

Immediately after the first Fick determination, the 
acetylene rebreathing was performed. The first sample 
of alveolar air was taken 17 to IS seconds and the second 
26 to 27 seconds after the start of rebreathing acetylene 
(10, 11, 13, 14). Twenty to 30 minutes later the same 
procedure was repeated. Twenty to 30 minutes later a 
third Grollman determination was done. 

Twenty minutes later a single blood sample was drawn 
from the pulmonary artery. Immediately afterward a 
rebreathing according to Grollman but without acetylene 
was performed. Another blood sample from the pul- 
monary artery was drawn between 17 and 27 seconds 
after the start of rebreathing. These samples were anal- 
yzed for oxygen content on the '\'’an Slyke apparatus in 
order to establish the influence of the rebreathing proce- 
dure on the mixed venous blood and the arteriovenous 
oxygen difference. 

In three subjects the effect of recirculation was studied. 
Blood was drawn in five second periods from the pul- 
monary artery, during the rebreathing of acetylene. The 
blood was analyzed for acetylene content of the Van 
Slyke volumetric apparatus. In each subject two to 
three c.xperiments were done. It was usually possible to 
obtain blood during two five second periods at each 
e.xperiment, for example, between five to 10 and between 
15 to 20 seconds after the start of acetylene breathing. 

RESULTS 

In Table I the age of the sulqect. diagnosis. 
ox)'gcn consumption, and the arteriovenous o.xy- 
gen difference oittained with the two methods are 
tabulated. The values for arteriovenous oxygen 
difference using the acetylene method were always 
larger than those obtained according to the direct 
Fick method. The difference varied between 5 
and 49 cc. jjcr liter with a mean of 26.5 zt= 2.79 and 
was not proportional to the value given by the 
Fick method. The third determination of arte- 
riovenous oxygen difference in each subject was 
done after allowing a 20 minute interval between 
the two methods. If these are excluded, the dif- 
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TABLE I 


Patient 

Age 

Sex 

Diagnosis 

Oj-consurnption 

B.M.R. 1 

1 

1 Arteriovenous 02-difFerence 

Catheter 

method 

Grollman 

method 

Difference 

Grollman- 

Catlieter 



ccjiiiin. 


cc. inter 

cc. inter 


1. 

Es.s. hypertension 

277 


37 

SO 

13 

52 years 


277 


36 

74 

38 

M 







2. 

Normal 

, 234 


36 

52 

16 

24 years 


250 


38 

61 

23 

iM 




39 

75 

36 

3. 

j Normal 

235 

-10 

38 

78 

40 

23 years 


277 

+ 6 

39 

47 

8 

M 




43 

76 

33 

4. 

Normal 

301 

+ 15 

43 

73 

1 30 

24 years 


277 

-13 

42 

69 

27 

M 




45 

73 

28 

5. 

Ess. hypertension 

291 

+ 10 

26 

54 

28 

26 years 


331 

+25 

27 

60 

33 

M 




28 

44 

16 

6. 

Pregnancy 

207 

+ 12 

32 

43 

11 

31 years 

F 

mens V 

179 


33 

44 

11 

1 

7. 

Normal 

255 


35 

40 

5 

33 years 


233 


21 

66 

45 

F 




24 

71 

47 

8. 

Normal 

243 


31 

80 

49 

29 years 


240 



71 

31 

F 




37 

S3 

16 




Mean: 

35.0 

61.5 

26.5 ± 2.79 






1 

1 

N = 22 


lerence will be the same, or 26.5 =t 3.51 cc. per 
liter. This value is significant. The determina- 
tion of arteriovenous oxygen difiference according 
to the direct Fick principle thus gives values 
about ,45 per cent lower than with the acetylene 
method. 

In order to analyze the experimental errors in- 
volved, the following procedure was adopted : 

1 he experimental error was defined as the 
variability of a single determination (8i) and cal- 
culated in two different ways : 

Tli(^ differences between determination 2 and 1. or 3 
>>nd 2, were computed for each method .separately. 

"Ihe difTcrcncc.s 2 to 1 and 3 to 2 were of the same 
nrder of magnitude : thus all differcnce.s constituted a 
i-i'iK'e group of data. 

As the mean differences were not significant, the vari- 
a iility of a single determination may be calculated ac- 


cording to the following formula : 

(15) 

where 

oz = variability of single determination 
od = standard deviation of difference 

The results are given in Table II. The greatest 
differences between the determinations of the 
catheter method were — 14 and + 9, correspond- 
ing to an experimental error of 9.9 per cent (Table 
II). The value of — 14 was found in patient Xo. 
7, with basal metabolic rate of 4- 40 per cent. This 
value falls outside the normal range of variation. 
If it is excluded the experimental error fTable II) 
will decrease to 5.6 per cent. 

The exi)erimcntal error wa.s then calculated Iw 
a combination of analysis of variance (16), using 
Snedecor F-ratio as te.st of significance f 17), dif- 
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TABLE n 

Expe.rimcnlal error of the catheter and Grollman method 
{calculated per differences) 

(a) Catheter method 


No. 

of 

diff. 

Mean 

Mean 

i differences 

D i efl 

Stand. 

1 deviation 
of diff. (arf) 

[ Exp. error 

(3r) 

1 

2 

3 

4 

5 

6 

bS 

14 

.35.0 

.3.5.6 

0.67 ± 1.26 
1.70 ± 0.75 

ml. 

4.88 

2.81 1 

ml. 

3.46 

1.99 

per cent of 
mean 

9.9 

5.6 


(b) Grollman method 


I 

2 

3 

4 

s 

6 

15 

61.5 

.3..5.3 ± 4.39 

17.0 

12.1 

21.3 


ferentiating between the variation between indi- 
viduals (Si) and within individual (8x) the latter 
corresponding to tlie experimental error, and “clas- 
sical analysis.'’ 

The results are given in Table III. 


TABLE in 

Experimental error of the catheter and the Grollman method 
{calculated by analysis variance) 



No. of 
indiv. 

i 

No. of 

1 determ. 

! 

j Variability 

Betweci\ 

individuals 

(3.) 

Within 

! individuals 
c.xp, error (S.l 





i 

per cent 1 


per cent 




ml. 

()/ mean j 

ml. 

of mean 

Callieler 

8 

23 

10.3 

29.7 \ 

3.53 

10.2 

Grollitian 

8 

23 j 

15.3 1 

24.4 

13.3 

21.2 


The agreement between the two methods of cal- 
culation was excellent. 

'I'lie catheter method was thus found to have 
a coefficient of variation for a single determination 
of 10 j)er cent ( 5.0 per cent ). whereas the acetylene 
method, ajijilied on the .same patients under the 
same conditions during the simultaneous catheteri- 
zation liad a coeflicient of variation of 21 per cent, 
which is significantly higher. The variability be- 
tween the patients was found to he aiiout the same 
for both methods (.10. or 24 per cent). 

'I'here was no ditTerence in n.xygen content of 
the blood in tlie jnilmonary artery .‘;ampled before, 
or 1/ to 27 seconds after, the start of rebreathing. 
In ei'cht case.' the maximal ditTerence lietween 


the samples was 0.2 volumes per cent, the oxygen 
content being higher in some cases and lower in 
others during rehreathing. 

The test for recirculation of acetylene showed 
that between five and 10 seconds after the start 
of acetylene breathing there was no acetylene in 
the pulmonary artery blood. However, in 10 to 15 
seconds acetylene was present in the pulmonary 
artery blood, in amounts corresponding to an 
acetylene content in the alveolar air of 0.4 to 0.5 
volumes per cent. In 15 to 20 seconds, this 
amount corresponded to approximately' 1.5 vol- 
umes per cent. 

DISCUSSION 

In almost simultaneous determinations there 
was a statistically significant difference in ar- 
teriovenous difference and cardiac output of 45 
per cent between values obtained with the direct 
Pick and the acetylene methods. This confirms 
earlier work in which separate determinations 
were done using these two methods. Bauman 
and Grollman have previously reported values 
with the acetylene method and the direct Pick that 
agreed fairly well (18). The mixed venous blood 
in their cases was sampled after puncture of the 
heart and the sampling done immediately after 
the rebreathing of acetylene, both factors making 
the results uncertain. The belief that the dis- 
crepancy between values for cardiac output ob- 
tained with heart catheterization and with the 
acetylene technique is due to apprehension pro- 
duced by the catheterization is disproved by the 
lesult of this study. Instead, the difference must 
be due to some systematic error in the acetylene 
method. 

Gladstone believed that the rebreathing tech- 
nique augmented the circulation and thus gave rise 
to errors (9). The present study conclusively 
shows that theie is no difference in oxygen con- 
tent in the mixed venous blood during the short 
time of rehreathing as compared to that before 
reiireathing. 

Hamilton, Spradlin and Saam, w'orking with 
dogs, have shown (19) that the recirculation of 
acct\-lene is too rapid to permit w'aiting 25 seconds 
before the second air .sample is taken. Rapid re- 
circulation was confirmed by .Starr and Collins. 
whoiLsed the dye injection technique in dogs (20). 
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Grollman and Bauman, on the contrary, after 
heart puncture in man, found that significant 
amounts of acetylene did not appear in the blood 
in the right ventricle until 25 seconds after the 
start of acetylene breathing (IS). Hohwii 
Christensen was able to demonstrate that the acety- 
lene content in the peripheral venous blood was 
very low and rose slowly, due to the diffusion of 
acetylene from the blood to the tissues (21, 22). 

The present study shows that significant 
amounts of acetylene appear in the pulmonar}' 
artery blood between 10 and 15 seconds after 
the start of acetylene breathing. Since it is im- 
possible to get full mixing and equalization of the 
acetylene within this time, it may be assumed that 
these factors are inherent sources of error in all 
methods using inhalation of foreign gas. This 
error becomes greater the longer the time elapsing 
before the second sample is taken. That recircula- 
tion is the main source of error is also shown by 
the fact that, in patients with slow circulation, e.g., 
cardiac failure, gas inhalation methods give values 
for arteriovenous oxygen difference that equal 
those obtained with the direct Pick principle, 90 to 
100 cc. per liter of blood (3, 13, 23). The results 
of dye injection experiments in man with the dye 
injected in the plumonary artery and the right 
auricle also show that there is a significant recir- 
culation within 10 seconds (24). 

SUMMARY AND CONCLUSIONS 

1. Almost simultaneous determinations of car- 
diac output according to the direct Pick (after 
heart catheterization) and the acetylene methods 
were made in eight subjects. A total of 22 sets of 
determinations were made. 

2. Ihere was a statistically significant discrep- 
ancy in the values obtained by the two methods for 
the AV oxygen difference. The mean difference 
averaged 26.5 ± 2.79 cc. per liter ; the Pick method 
giving values about 45 per cent lower than the 
Grollman. 

•3. Tile experimental error for the Pick method 
"as 5.6 ])er cent and for the acetylene method. 21 
per cent. 

4. The rebreathing procedure did not change 
the oxygen content in the pulmonary artery blood 
during the 27 seconds that the rebreathing lasted. 

a. Tests for recirculation showed that within 10 
to 15 seconds after the start of acetylene breathing 


significant amounts of acetylene were found in the 
pulmonary artery blood. 

6. An)" method using inhalation of foreign gas 
will give values for arteriovenous oxygen differ- 
ence which are too large, if the gas sampling is 
not completed before 10 to IS seconds after the 
start of rebreathing. This error is not constant 
but, due to the speed of the circulation, is small or 
absent with slow circulation and is large with 
rapid circulation. 
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Narrow bands of diminished density, which re- 
semble fracture lines and often appear sym- 
metrically and last for months to years, have been 
described in the skeletons of individuals with a 
variety of diseases. The purpose of this paper is 
to offer a rational explanation for the bizarre loca- 
tions of these pseudofractures as the}' occur in 
osteomalacia and to focus attention upon a pos- 
sible mechanism for their occurrence. 

The numerous descriptions of this phenomenon 
and the speculations as to its causes have been re- 
viewed by Camp and McCullough (1). It has 
been described as a radiological syndrome by Milk- 
man (2, 3). Histologically, such lesions in cases 
of rickets and osteomalacia were found by Looser 
(4, 5) to consist of infractions of the bones with 
subsequent laying down of non-calcified callus. 
Since they are not true fractures with complete sep- 
aration of bone continuity, he called them um- 
bauzonen, zones of alteration. He concluded 
that mechanical tension on softened bone, such 
as that due to muscle strain, perhaps caused small 
breaks in the cortex with gradual infractions 
through the rest of the bone, thus producing the 
long-lasting, symmetrical lines of diminished den- 
sity resembling fracture lines. Callus al)out true 
fractures remains uncalcified for a long time in 
cases of osteomalacia, and Looser felt that it was 
not strange for these umbauzonen to persist for 
a considerable time after their first appearance. 

Albright and coworkers (6) have reviewed the 
cases in which pseudofractures have been found. 
I bey state that the narrow decalcified bands which 
occur in otherwise normal-appearing bone, and 
"Inch tend to be symmetrical and remain station- 
ary for months to years, occur only in osteomalacia 
or rickets. They point out that the underlying 
bone disturbance in the variety of conditions where 

' Brcscin addre.^s; .Xrgonne National Laboratorv. Chi- 
caso. Illinois. 


these bands of diminished density have been noted, 
i.c., rickets, late rickets, celiac disease, chronic 
idiopathic steatorrhea, sprue, and severe acidosis, 
is really osteomalacia. The lesions are common 
in advanced cases of hunger osteopathy. Some- 
what similar bands occur in Paget’s disease, con- 
genital syphilis, marble bones, osteogenesis im- 
perfecta and hyperparathyroidism, but in these 
conditions the lesions are rarely symmetrical and 
occur through areas of definite bone abnormality 
as seen by X-ray. “March fractures” appear in 
otherwise normal bones but are rarely symmetri- 
cal and readily unite and become calcified. As for 
the mechanism of production of pseudofractures. 
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Albright and coworkers refer to the work of 
Looser (4). 

During the past year on the Radiological service 
of the Presbyterian Hospital, we have seen four 
patients with these narrow hands of lessened 
density. They all showed blood findings consistent 
with osteomalacia, i.c., normal calcium, low phos- 
phorus and elevated alkaline phosphatase. One 
was a case of long-standing osteomalacia of un- 
determined origin ; the other three showed the 
syndrome, described by Albright and coworkers 
(6), of renal acidosis without nitrogen retention. 
Pseudofractures occurred in similar locations in 
the bones of these four individuals. As in the 
published cases, the most common sites for these 
lesions were in the axillary border of the scapula 
(Figure 1), the ribs, the pubic rami, and the upper 
end of the femur. They also occur in the iliac 
bones (Figure 2), and near the base of the spine 
of the scapula (Figure 3), 
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Fig. 3. Pseudofracture Occurring in the Spine of 
A Scapula. A Symmetrical Lesion Is Present in 
THE Opposite Scapula 


The pseudofractures in the scapulae and the iliac 
bones, particularly, occur in areas where muscle 
strain seems unlikely. Since these lesions tend to 
develop regularly in the same places in different 
patients and tend to be symmetrical on the two 
sides of the body, an anatomical explanation for 
the lesions was sought. 

CLINICAL MATERIAL AND METHOD 

Complete .skeletal raciiograplis were made of the four 
patient.s mentioned above. The reproduction.s of radio- 
graphs in cases reported in previous studies (2, 3, 6-11) 
were reviewed and in 28 of these cases the illustrations 
were adecpiate to show accurate localization of the lesions. 
Dissection was made of the blood vessels supplying the 
trunks and e.xtremities of three cadavers to ascertain the 
pro.ximity of the main vessels to the bones. 

RESULTS 

The .sites where pseudofracturcs have been 
found, and the arteries which commonly cross the 
bones at these sites, are shown in the two halves of 
Figure 4. The number of times lesions were found 
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Fig. 4. Skeleton Showing the Usual Sites of 
Occurrence of Pseudofractures and the Arteries 
WHICH Course the Bones at these Sites 
The figures signify the number of lesions found at 
these locations in four cases at the Presbyterian Hospital 
and the lesions pictured in previous studies (2, 3, 6-11). 

at these sites in our four cases and in which they 
were adequately pictured in the cases reported 
previously is indicated on the figure. The ar- 
teries shown are those coursing directly over the 
iicsnes at the sites of the lesions as given in stand- 
ard anatomy works (12, 13). All of these arteries 
'' ere found by dissection to lie in contact with the 
one. The blood vessels in the hands and feet 
'arj- considerably in different indiidduals in rela- 
tion to the bones and therefore were not included 
in the figure. 


DISCUSSION 

Pseudofractures are not infrequent in the first 
rib where the bone is normally notched by the sub- 
clavian artery. In the axillary border of the 
scapula where the circumflex scapular artery 
grooves the bone, 13 pseudofractures were found. 
A detailed view of the blood vessels around the 
scapula is shown in Figure 5, and the close cor- 
respondence between the locations of these blood 
vessels and the scapular lesions shown in Figure 4 
will be noted. A pseudofracture has also been de- 
scribed (3) in the outer end of the acromion at 
the site of the vessel shown in Figure 5. 

Careful positioning of the patient is required at 
times to demonstrate some of the^pseudofractures, 
particularly those in the ribs and scapulae. To be 
seen clearly, small incomplete fractures in normal 
bone due to trauma also require careful positioning 
of the patient. Both types of lesions are more dis- 
tinct when they occur perpendicular to the long 
axis of the trabecular pattern of the bone. This 
could explain the failure of lesions to be common 
where the radial artery spirals the humerus. We 
have seen only one case (14), that of a severe 
rachitic infant, with bilateral . symmetrical spiral 
lesions in the midportion of the humerus. Gross 
examination of normal scapulae shows that some 
of them are not grooved by the circumflex scapu- 
lar artery. Variation in the course of this blood 
vessel may explain why pesudofractures are not 
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Fig. 5. Scapula Showing the Position of the Blood 
Vessels in Rel.'iTion to the Bonf. 
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always seen at this site. Similar variations of 
other blood vessels may produce the individual 
differences observed. The lesions in ribs nine, 
10, 11, and 12, and the posterior lesion in rib six 
could be at the site of branches of intercostal ar- 
teries. Vessels were found in these areas in one 
of three cadavers examined. 

Mechanical stress, such as that due to muscular 
or postural strain, may produce true fractures at the 
site of pseudofractures, particularly in the upper 
end of the femurs in the far advanced cases. It 
seems doubtful that this type of strain would ac- 
count for most of the lesions initially. Fractures 
from other mechanical causes do not often occur 
at the sites commonly affected in osteomalacia, as 
demonstrated in Cushing’s disease by the fractures 
in the anterior ends of the lower ribs where re- 
spiratory strain on the thoracic cage is greatest. 
The true fractures, and even some of the pseudo- 
fractures, occurring in cases of osteomalacia may be 
due to other kinds of mechanical stress, but most 
of the lesions are at sites where muscular or 
postural stress is unlikely, and where arteries He 
in close contact with the bones. The most likely 
explanation for the occurrence of these lesions here 
would be some type of vascular stress. 

Normal bone tends to yield to continuous pres- 
sure in a very definite way as is clearly demon- 
strated in the skull by patterned thinning due to 
the pressure of convolutions of the brain and in 
other bones by grooving due to pressure of blood 
vessels. Although the exact mechanism of bone 
erosion at sites of pressure is not known, it is not 
surprising that malacic bones should respond dif- 
ferently to stress than normal bones. Small breaks 
in the cortex of bones at the site of mechanical 
stress due to pulsating blood vessels, rather than 
muscular strain as suggested by Looser, would be 
followed by the laying down of callus. As 
osteomalacia is characterized by failure of deposi- 
tion of calcium in newly formed osteoid tissue, the 
callus would remain uncalcified in these sites and 
account for the radiological and pathological ap- 
pearance of the pseudofractures. That there is 
selective resorption, or lack of deposition of calcium 
adjacent to the large blood vessels, seems less 
likely. It is to be hoped that the correlation be- 
tween the locations of blood vessels and sites of 
pseudofractnres given here will initiate attempts at 
pathological or operative verification, and experi- 


mental study of the mechanism of this phenomenon 
in osteomalacia and possibly other bone diseases. 

The pressure of vessels upon the bones may 
also account for some of the similar bands of de- 
creased density occasionally appearing in the skele- 
tons of patients with other conditions, such as 
osteogenesis imperfecta, marble bones, and 
Paget’s disease, but these lesions occur in abnor- 
mal bone, as seen by X-ray, and their mechanism 
and character would vary with the disease and 
especially with the ability to calcify the callus 
formed. 

SUMMARY 

The location of the narrow bands of diminished 
density which often appear symmetrically and last 
for month's to years in the skeletons of patients 
with osteomalacia, is shown to correspond with 
the location of main blood vessels which lie on 
the bones. It is suggested that the mechanical 
stress caused by the vessels may result in small 
breaks in the cortex with subsequent laying down 
of callus which, in osteomalacia, is uncalcified. 
This mechanism explains the symmetrical ap- 
pearance of the pseudofractures in otherwise nor- 
mal appearing bone and their location at sites not 
usually subjected to other mechanical stresses. 
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The development of a technique of intravenous 
catheterization and its application to the sampling 
of renal venous blood (1) have made possible the 
study of the metabolic activity of the kidney in the 
unanesthetized human subject. We have used 
this method of investigation in conjunction with 
the usual clearance procedures in an attempt to de- 
termine the oxygen consumption of the normal 
kidney and its variation in disease. 

METHODS 

All subjects were studied at rest and in the post- 
absorptive state. Inulin and sodium para-aminohippurate 
(PAH) clearances were performed as described by 
Goldring and Chasis (2), urine being collected by bladder 
catheterization. Following the injection of the priming 
doses and the starting of the sustaining infusion of inulin 
and PAH, a modified ureteral catheter was introduced 
into an antecubital vein of the opposite arm, and passed 
under fluoroscopic visualization through the right atrium 
and inferior vena cava and into the right renal vein. The 
rotation of the curved tip of the catheter posteriorly, and 
otlier details of technique have been described by Bradley 

(3) , and by Warren, Brannon, and Merrill (1), Urine 
was collected at accurately timed intervals of 10-30 min- 
utes, and at approximately the midpoint of each urine 
collection period blood samples were obtained from a 
femoral artery and the right renal vein. There was 
usually an interval of one or two minutes between the 
withdrawal of these samples. A portion of each sample 
was collected anaerobically, either under mineral oil, or 
in an oiled heparinized or citrated syringe, and the oxygen 
content determined by the method of Van Slyke and Neill 

(4) . The remainder of the samples were oxalated and 
centrifuged as soon as possible for the determination of 
the plasma inulin and PAH content by the methods of 
Corcoran and Page (5) and Smith ct al (6). From two 
to six urine collection periods and a corresponding num- 
ber of pairs of arterial and renal venous blood samples 
were obtained from each subject. In addition, paired 
samples of heparinized and oxalated whole blood were 
obtained from each subject for hematocrit and o.xygen 
capacity determinations. 
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Clearances of inulin and PAH were calculated in the 
usual manner from the rate of urinary excretion and the 
arterial levels of these substances. The percentage ex- 
traction of PAH was determined by the formula — 

A. 

X 100, where A and R represent the PAH concentrations 
in arterial and renal venous plasma, respectively, and the 
renal plasma flow obtained by dividing the clearance of 

PAH by the extraction: RPF = g^|^. a discus- 
sion of the calculation of renal plasma flow in this manner 
is presented in a separate publication (7). This figure 
was corrected for the hematocrit reading to obtain the 
renal blood flow. The difference in oxygen content be- 
tween arterial and renal venous blood (renal oxygen 
extraction), expressed as volume of O. per cc., was multi- 
plied by the renal blood flow to obtain the renal oxygen 
consumption : Renal oxygen consumption = RBF X Ao- 

— Roj. 

Van Slyke ct al. (8) have maintained that the arterial- 
renal venous oxygen difference is not always a true 
measure of renal oxygen extraction in the dog, since they 
found definite differences in the hemoglobin content (oxy- 
gen capacity) of arterial and renal venous blood in that 
animal. In 22 comparisons of the oxygen capacities of 
paired artmal and renal venous samples we have found 
a mean difference of 0.2 volume per cent, with a stand- 
ard error of ± .01. Seventy-one comparisons of paired 
arterial and renal venous hematocrit determinations 
showed a mean difference of 0.1 per cent packed red cell 
volume with a standard error of .07. These differences 
are well within the limits of technical error. 

Since the arterial-renal venous oxygen difference is 

IT i' T ^ niultiplied by a large figure for 
renal blood flow to obtain the oxygen consumption, the 
measurement of this difference constitutes a potential 
source of grave error. All oxygen determinations were 

Sin n discarded if they did not agree 

uithin 0.1 volume per cent. Successive samples of arte- 
rial and renal venous blood in a given patient over a one 
or two hour period usually showed minor fluctuations in 
oxygen content, the mean difference between successive 
determinations of A-V differences in 31 subjects being 
0.05 volume per cent. It is felt that these variations are 
partly real and partly due to technical error; in any case 

conrT’^'" of sufficient magnitude to compromise the 
conclusions we have drawn from our observations 

ar« of fyT to a standard surface 

area oi j,/o sq. m. 
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RESULTS 

Thirty-six subjects have been studied in this 
manner. (Additional studies on most of these 
subjects have been presented in a separate publi- 
cation [7] ) . For the presentation of the data they 
have been divided into four groups, according to 
the clinical classification of their disease. The 
first group (Table I) consists of ten patients in 
whom no organic disease could be demonstrated 
or who were suffering from a chronic illness un- 
related to the kidney. The clinical impression of 
normal renal function in these subjects was con- 
firmed by the demonstration of normal values for 
glomerular filtration rate and renal blood flow as 
established by others. The renal oxygen extrac- 
tion (arterial-renal venous oxygen difference) 
is extremely small in comparison with arterio- 
venous differences elsewhere in the body, ranging 
from 1.09 to 1.87 volumes per cent, with a mean 
value of 1.42 volumes per cent. Although the 
amount of oxygen removed from each unit of blood 
perfusing the kidney is quite small, the renal blood 
flow is so large that the total renal oxygen con- 
sumption is of considerable magnitude, ranging 
from 12.0 to 20.8 cc./min., with a mean value of 
16.0 cc./min. 

The second group of subjects consists of patients 
whose predominant complaint was hypertension, 
and in whom a history of previous renal disease 
could not be elicited. In some of them renal 
damage, was clinically demonstrable, as evidenced 
by albuminuria, reduced phenolsulfonthalein ex- 
cretion, or hyposthenuria. On purely clinical 
grounds it was presumed that the impaired renal 


TABLE I 
Normal subjects 


n. 

CiN 

FF 

RBF 

OjEit. 

O2 Cons. 

W.F.W. 
A.J. 
w. W. 

E. W. 

M. C. 

R. M. 

R. B. 

tl 

J. R. H. 

cc.fnttn. 

120 

.14 

cc.lmitt. 

' 1456 

rols. % 
1.10 

CC.tmin. 

16.0 

115 

.17 

1057 

1.13 

12.0 

106 

.14 

‘ 1284 

1.09 

14.0 

107 

.16 

932 

1.73 

16,1 

142 

.17 

1450 

i 1.32 

19.2 

133 

.18 

1155 

^ 1.44 

16.6 

92 

.15 

1029 

1.87 

18.2 

131 

.23 

948 

1.53 

14.8 

115 

•18 

1401 

1.48 

20.8 

118 

.23 

835 

1.46 

12.2 

Mc<m 

S.D. 

117.1 

±14.7 

.18 

±.04 

1155 

±229 

1.42 

±.25 

16.0 

=b2.9 


TABLE n 


Essential hypertension and nephrosclerosis 


pt. 

Cm 1 

FF j 

RBF 

OzExt. 

O2 Cotia. 


ccjmin. \ 


CC.tmin, 

vats. % 

CC.tmin. 

I. s. 

126 1 

.17 

1196 

0.82 

9.8 

0. w. 

140 

.19 

1237 

1.81 

22.4 

C. M. 

143 

.22 

1160 

1.49 

17.3 

B.G. 

I 133 

.24 

971 

1.18 

11.5 

C. E. 

70 

.23 

S3S 

1.96 

10.5 

E.T. 

! 97 

.28 

590 

1.54 

9.1 

M. S. 

109 

.25 

701 

i 1.51 

10.6 

B. H. 

36 

.19 

247 

i 1.91 

4.7 

G. B. 

10 

.07 

212 

! 2.09 

4.4 

I. P. 

97 

.18 

852 

1.37 

11.7 

R. L. 

109 

.23 

784 

1 0.98 

7.7 

Mean 

97 

.21 

771 

1.51 

i 10.9 

S.D. 

i 

±32 

±.02 

±357 

1 

±.41 

' rt4.2 

1 


function in these subjects was secondary to the 
hypertension, and that the diagnosis of nephro- 
sclerosis was applicable. It will be seen from 
Table II that the renal blood flow varied in this 
group from normal to extremely low levels. The 
oxygen extractions did not vary correspondingly, 
the mean, 1. 51 volumes per cent, being not signifi- 
cantly different from the normal mean. 

The six subjects listed under Table III as 
chronic nephritis were patients who gave histories 
of long-standing kidney disease and who were 
found to have severe impairment of renal func- 
tion. Of these, N. W. and L. H. probably repre- 
sented chronic pyelonephritis, the others chronic 
glomerulonephritis, although the clinical differ- 
entiation of these diseases was open to question. 
In spite of the marked reduction in renal blood flow 
in this group, to a mean value of 353 cc./min., the 
renal oxygen extractions were within the normal 
range - 


TABLE III 
Chronic nephritis 


1 

Pt. 

CiN 

FF 

RBF 

Chr-xi. 

0;Con». 


CC.tmin. 


CC.tmin. \ 

rots. % i 

CC.tmin. 

J. M. 

56 

.12 

636 

1.84 

11.7 

E. M. 

19 

.11 

245 

1.30 

3.2 

B. R. 

17 

.07 

347 

1.74 

6.0 

N. W. 

50 

.18 

482 

1.72 

8.3 

L. H. 

20 

.18 

168 

1.60 

2.7 

M. L. 

21 

.12 

242 

1.90 

4.6 

Mean 

30.5 

.13 

353 

1.68 

6.1 

S.D. 

1 

±17.0 


±176 

±0.20 

1 

±3.3 
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TABLE IV 


Clinical data on patients with glojnemlonephritis 



Age 

Dura- 

tion 

Edema 

B.P. 

Fundi 

Plasma 


Hgb 


Urine 

Remarks 

Pt. 

Albumen 

Choles- 

terol 

NPN 

Pro- 

tein 

RBC 

Casts 

T. B. 

22 

6 weeks 

1 + 

135/85 

Normal 

3.6 

260 

31 

13.4 

3-1- 

2-1- 

2 + 

granular 

Weakness; 
severe lumbar 
pain 

G. W. 

37 

8 weeks 

i + 

116/70 

Normal 

1.5 

640 

33 ' 

15.0 

4-1- 

0-1 -f 

2 + 

hyaline 
& waxy 

Asymptomatic 
except for 
massive edema 

D. R. 

49 

8 weeks 

3-1- 

160/100 

Normal 

1.7 

300 

52 

13.0 

3-f 

0-1 + 

1 + 

granular 
& hyaline 

j 

Nausea and 
vomiting. One 
convulsion 

A. H. 

38 

5 weeks 

1 + 

145/85 

Arteriolar 

narrowing 

1.6 

440 

30 

13.0 

3-f 

2 + 

2 + 

granular 
& RBC 

Headache, 
blurred vision 

B. B. 

39 

6 mos. 

0 

124/88 

Normal 

2.4 

200 

35 

10.0 

1-f- 

1 + 

1 + 

granular 

Arthritis 

L. D. 

31 

8 weeks 

2 + 

130/95 

Normal 

3.0 

220 

40 

12.0 

2-1- 

2 + 

2 + 

granular 

&RBC 

Headache 

G. I. 

38 

5 mos. 

3 "f* 

145/95 

Normal 

1.7 

720 

36 

15.0 

2 + 

0-1 + 

1 + 

granular 

Weakness, 

headache 

R. E. 

42 

6 mos. 

0 

200/140 

Arteriolar 

narrowing 

2.9 

250 

38 

18.0 

l-f- 

1 + 

1 + 

granular 
& RBC 

Headache, occ. 
blurred vision 

W. A. 

21 

2 years 

1-1- 

150/70 

Normal 

3.8 

180 

49 

16.0 

1 + 

1 + 

1 + 

granular 

Rheumatic 
heart disease 


Significant clinical data on ten patients who 
were diagnosed as acute or subacute glomerulo- 
nephritis are summarized in Table IV. Two of 
these patients (G. W. and G. I.) were obviously 
in tbe nephrotic or “degenerative” stage of the 
disease, as demonstrated by massive edema, pro- 
teinuria and extreme hypoalbuminemia and hyper- 
cholesterolemia. In the others, hypertension, 
hematuria, or a combination of all elements of the 
disease predominated. W. A. had an attack of 
hemorrhagic nephritis of several weeks’ duration 
two years preceding the time of study. He had 
been asymptomatic until one week before admis- 
sion when he suffered a mild upper respiratory in- 
fection. and puffiness of the eyelids and micro- 
scopic hematuria were noted. It is felt that he 
represents an acute exacerbation of a latent glo- 
mcniloncphritis. The clinical course of patient 
R. E. was more suggestive of essential In-perten- 
sion than glomerulonephritis; he was placed in 


this group because of albuminuria, hematuria, and 
the discovery of red blood cell casts in his urinary 
sediment. It is our impression that these findings 
do not accompany primary hypertension except in 
the malignant phase. 

A consistent finding in all of these patients was 
a greater reduction in glomerular filtration rate 
than in renal blood flow, so that the filtration frac- 
tion was uniformly low. This is suggestive of 
primary glomerular disease, and is in keeping with 
the findings of Earle, Taggert, and Shannon (8). 
Likewise, the normal values for renal blood flow 
indicate that the disease process was not of long 
standing. 

It may be seen from Table V that the renal oxy- 
gen consumption of these patients varied between 
extreme limits, from 0.9 cc./min. to 13.8 cc./min. 
Since the blood flows were normal or only slightly 
reduced, this variation was due almost entirely to 
changes in oxygen extraction. This is in con- 
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trast to the preceding groups, in which variations that patient D. R., whose renal oxygen consump- 
in blood flow and normal oxygen extractions were tion was extremely low, was also the most severely 
found. No correlation existed between the pre- ill; patient B. B., however, whose kidneys were 
dominant symptomatology in any patient and the also consuming comparatively little oxygen, was 
oxygen consumption of his kidneys. It is true ambulatory at the time of study. Although the 



Fig. 1. Renai, Blood Flow and Renal Oxygen Consomption in 
Normal Subjects and in Patients with Hypertension, Nephrosclerosis 
AND Acute Glomerulonephritis 



Fig. 2. Renal Oxygen Consumption and Glomerular Filtp-\tion 
Rate in Norm.al Subjects and in Patients with Hypertension, Neph- 
rosclerosis AND Acute Glomerulonephritis 
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TABLE V 

Acute and subacute glomerulonephritis 


Pt. 

CiN 

1 

FF 

RBF 

OiExt. 

O2 Cons, 


1 

cc./min. 


cc.lmiii. 

vols. % 

cc.lmin. 

T. B. 

83 

.12 

1141 

0.48 

5.5 

G. W. 

67 

.13 

816 

1.64 

13.4 

D. R. 

45 

.08 

1041 

0.09 

0.9 

A. H. 

77 

.12 

994 

0.62 

6.2 

B. B. 

78 

.10 

1065 

0.35 

3.7 

L. D. 

71 

.11 

1293 

1.07 

13.8 

G. I. 

83 

.10 

1362 

0.68 1 

9.3 

W. A. 

51 

.09 

959 

0.90 

8.6 

R. E. 

76 

.16 

887 

0.53 

4.7 

Mean ' 

70 

.11 

1062 

0.71 

7.3 

S.D. 

rt:14 

±.03 

±179 

±0.45 

±2.5 


oxygen data in two of these subjects were normal, 
we consider it noteworthy that the mean values 
for both oxygen extraction and renal oxygen con- 
sumption for the entire group are distinctly be- 
low the normal range. 

The data may be represented graphically as in 
Figure 1, where renal blood flow is plotted against 
oxygen consumption. The scatter in the normal 
range is large, but it is clearly evident that as the 
renal blood flow falls in chronic renal disease 
there is a corresponding fall in renal oxygen con- 
sumption. In contrast, the majority of the pa- 
tients with acute and subacute glomerulonephritis 
are distinguished by a low oxygen consumption 
with a normal renal blood flow. This difference 
disappears when oxygen consumption is plotted 
against glomerular filtration rate, as in Figure 2. 
Although there is no apparent relation between 
these factors in any one group, a definite correla- 
tion (r = .76) exists when all 36 subjects are 
considered. 

DISCUSSION 

The rate of oxygen utilization by an organ is gen- 
erally considered to be an expression of its meta- 
bolic activity. The metabolism of the normal mam- 
malian kidney has been the subject of numerous 
investigations (9-12), all of which have demon- 
strated that renal oxygen consumption is quite 
high in relation to the weight of the organ, and 
that this high oxygen consumption is the result of 
a small arterio-venous oxygen difference (oxygen 
extraction), and a large renal blood flow. 

Van Slykc cl ah (9) and others (11, 12) have 
o!)servcd in the dog that renal oxygen extraction 


remains constant when renal blood flow is varied, 
so that the rate of oxygen consumption is a func- 
tion of blood flow. Similar results have been ob- 
tained in man by Bradley and Halperin (13), who 
used the technique of intravenous catheterization 
to determine renal oxygen consumption before and 
during^ reduction of renal blood flow by abdominal 
compression. These authors also observed that the 
reduced oxygen consumption found during the pe- 
riod of decreased blood flow was associated with 
apparent cessation of urine formation in a certain 
proportion of nephrons, and suggested the pos- 
sibility that “renal oxygen consumption depends 
upon the relative proportion of tubular tissue ac- 
tively functioning in the formation of urine from 
glomerular filtrate.” 

In this view, it seems logical to expect that renal 
oxygen consumption would vary with filtration 
rate if the amount of functioning tubular tissue re- 
mained unchanged. Our data show that the kid- 
neys of patients with acute and subacute glomeru- 
lonephritis, which had low rates of glomerular fil- 
tration, also had low rates of oxygen utilization, in 
spite of normal or increased blood flow. Earle, 
Taggert, and Shannon (8) have shown that al- 
though the total amount of functioning tubular 
tissue (as estimated from diodrast Tm) tends to 
fall with the filtration rate, the ratio of filtration 
rate to Tm is lower than normal in the early stages 
of glomerulonephritis, so that there- is a greater 
depression of filtration than of tubular function. 
It is conceivable that the observed reduction in 
renal oxygen consumption in our patients was due 
to decreased formation of glomerular filtrate. An 
alternative explanation is that in acute and sub- 
acute glomerulonephritis there is a fundamental 
alteration in the metabolic activities of renal cells 
which results in a diminished utilization of oxygen. 

It is of interest in this connection that we have 
found a definite correlation between filtration rate 
and oxygen consumption in all our subjects (Fig- 
ure 2). 

The progressive vascular occlusion and destruc- 
tion of renal parenchyma which result in the gran- 
ular, contracted kidneys of nephrosclerosis and 
chronic nephritis are accompanied by decreases in 
both blood flow and oxygen consumption (Figure 
1). It is probable that the diminished oxygen 
consumption found in these patients is simply a 
reflection of the lowered metabolic demands of the 
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functionally smaller kidneys, the volume of blood 
flow being an expression of the amount of surviv- 
ing tissue. 

Merrill (14) has found that the decreased renal 
blood flow accompanying congestive heart failure 
is compensated for by an increased oxygen extrac- 
tion, so that oxygen consumption remains normal. 
(We have found extractions of 3.6 and 4.2 volumes 
per cent, values significantly greater than our nor- 
mal mean, in two subjects with congestive failure 
who are not included in the present series.) Glo- 
merular filtration rate was also reduced in these 
patients. If filtration rate determines tubular 
work, and therefore renal oxygen consumption, it 
is necessary to suppose that independent tubular 
activity is increased in congestive heart failure. 

Although the kidneys of the patients with acute 
and subacute glomerulonephritis were consuming 
comparatively little oxygen, they were carrying on 
all of the functions which are generally considered 
to constitute renal work, including the reabsorp- 
tion of water and electrolytes against osmotic gradi- 
ents, the excretion of urea, and the tubular secre- 
tion of PAH. The disproportion between the 
oxygen consumption of the kidney and the theo- 
retical thermodynamic requirements of known 
renal work has been pointed out by Barcroft and 
Brodie (10), Glaser et al. (11), and Van Slyke 
et al. (9). These last investigators concluded that 
the overwhelmingly greater part of the energy 
produced must be utilized by the kidney for its 
own internal cellular processes not related to the 
external work which the organ is performing.” 
Since the nature of these internal cellular proces- 
ses IS completely obscure, it is not inconceivable 
that their activity, and consequently the demand 
of the kidney for oxygen, may vary within wide 
limits without being detectable by known methods 
of measurement. 

In view of the extensive speculation concerning 
the relation of renal ischemia to essential hyper- 
tension our observations in patients with this dis- 
ease are of interest. Pathologists agree that long- 
standing hypertensive disease is usually associated 
with progressive narrowing and even occlusion of 
small renal blood vessels, particularly the pre- 
glomerular arterioles. The functional counter- 
part of this constriction of the renal vascular bed 
IS evident in some of our patients, in whom defi- 
nite reductions of renal blood flow were found. 
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Since the decreased blood flow was not accom- 
panied by an increased oxygen extraction, the 
oxygen consumption of these kidneys was also 
low. 

The question of whether these vascular changes 
precede or follow the hypertension has been the 
subject of much debate. In four patients with 
sustained hypertension of at least six months’ dur- 
ation we have found normal values for renal blood 
flow and oxygen consumption, which demonstrates 
that in at least some cases of essential hyperten- 
sion the metabolic activities of the kidney are car- 
ried on at the normal level. 

SUMMARY AND CONCLUSIONS 

1. Renal oxygen consumption in unanesthetized 
human subjects has been estimated by combining 
the techniques of intravenous catheterization and 
sodium para-aminohippurate clearance. 

2. The mean normal renal oxygen extraction 
was found to be 1.42 volumes per cent, and the 
mean normal renal oxygen consumption 16.0 cc./ 
min. 

3. Decreased levels of oxygen consumption 
were found in patients with nephrosclerosis, 
chronic glomerulonephritis, and chronic pyelo- 
nephritis, who also had diminished renal blood 
flow. Oxygen extraction was normal in these 
patients. 

4. In patients with acute and subacute glomerulo- 
nephritis the extraction of oxygen was decreased 
in spite of a normal or increased renal blood flow. 

The authors wish to thank Dr. E. A. Stead, Jr., for 
advice and encouragement, and the following for technical 
assistance: Miss Regina Frayser, Mrs. Juanita M. Clontz, 
Miss Eloise Covington, and Mrs. Louise Allen. 
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The clearance of para-aminohippuric acid 
(PAH) has been extensively used as a measure 
of the rate of renal plasma flow. The validity of 
this measurement depends upon the assumption 
that at low plasma levels PAH is completely ex- 
tracted from the blood by tubular cells, and that 
therefore the only limiting factor to its rate of ex- 
cretion in the urine is the rate at which it is de- 
livered to the tubules. There is ample proof that 
this assumption is justified in normal man under 
basal conditions (1, 2). However, in any condi- 
tion in which the total number or the functional 
capacity of tubular cells is decreased, the complete 
extraction of PAH and therefore the use of the 
clearance alone as a measure of renal plasma flow 
is open to serious question. The uncertainty as 
to the degree of renal impairment which is com- 
patible with complete extraction of PAH has 
hampered the application of this method to the 
study of the diseased human kidney. 

According to the Fick principle, the blood flow 
through an organ may be determined if the rate 
of consumption (or excretion) of a substance and 
the concentration of this substance in blood enter- 
ing and leaving the organ (arterial-venous differ- 
ence) are known. The application of the tech- 
nique of venous catheterization to the sampling 
of blood from the renal vein in man (1) has made 
possible the utilization of this principle to deter- 
mine the actual renal blood flow under conditions 
in which the extraction of PAH may not be 
completed. 

In the normal kidney histological studies in- 
dicate that under most circumstances tlie blood 
flow through the tubules equals the blood flow 
through the glomeruli. In the diseased kid- 
ney either the glomeruli or tubules may be de- 
stroyed separately and there is no assurance from 

^ Aided by a grant from the Life Insurance ^ledical 
Research Fund. 
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histologic studies that glomerular flow equals 
tubular flow. The glomerular flow can be meas- 
ured from the rate of inulin excretion and the 
arterio-renal venous difference of inulin and com- 
pared with the tubular flow measured at the same 
time by the PAH excretion and arterio-renal 
venous PAH difference. 

METHODS 

The standard clearance procedures described by Gold- 
ring and Chasis (3) have been followed. Priming and 
sustaining infusions of inulin and sodium para-amino- 
hippurate were given and urine collected by bladder 
catheterization at accurately timed intervals of 10-30 min- 
utes. The dosage of PAH was adjusted to achieve an 
arterial blood level between 1 and 3 mg. per cent. An 
intravenous catheter was introduced into the right renal 
vein according to the procedure described by Warren, 
Brannon and Merrill (1). At approximately the mid- 
point of each urine collection period samples of renal 
venous and femoral arterial blood were withdrawn. The 
inulin and PAH content of plasma and urine were deter- 
mined by the methods of Corcoran and Page (4) and 
Smith et al. (S), corrections being made for inulin 
blanks in plasma and urine. A 1:5 cadmium sulfate 
filtrate was used for PAH determinations in renal venous 
plasma instead of the 1 : 15 filtrate for arterial plasma. 
Paired samples of heparinized blood were obtained from 
each patient for hematocrit determinations. 

CALCULATIONS 

The application of the Fick principle to the determina- 
tion of renal plasma flow in the dog from the excretion 
and extraction of PAH has been discussed by Phillips 
et al. (6). As we have not found any significant differ- 
ence between arterial and renal venous hematocrit read- 
ings, nor between the PAH concentration of whole blood 
and plasma, we have not applied the corrections these 
authors suggest, but have used simply the formula (1) 
UV 

~ > where U V is the rate of urinary excre- 

tion of PAH (mg./min.), and A and R represent the 
PAH concentrations in arterial and renal venous plasma 
(mg./cc.). The extraction of PAH was determined as 
the quotient of the arterial-renal venous PAH difference 

and multi- 
The clearance 


and the arterial level : (2) Ext. = ^ 

A 

plied by 100 to e.xpress it as a percentage. 
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of PAH was calculated in the usual manner from the 
rate of urinary excretion and the arterial level : (S) 


UV 

CpAH = ' It is evident from the integration of equa- 

tions (I), (2) and (S) that the renal plasma flow may 
be obtained by dividing the clearance of PAH by its 


extraction : 


UV 

(.) RPF = ^ 


" Cfah 
Ext. PAH ■ 


Since inulin is a foreign substance which is neither 
metabolized nor stored by the kidney, substitution of 
inulin concentrations in the above formulae should also 
yield a valid estimate of renal plasma flow. According 
to the available evidence, inulin is excreted entirely by 
glomerular filtration, whereas the excretion of PAH is 
accomplished largely by active tubular transfer. The 
value for renal plasma flow obtained from inulin concen- 
trations should represent therefore only tlie volume of 
plasma which perfuses the glomeruli and, derived from 
PAH clearance and extraction, the flow through both 
glomeruli and tubules, predominantly the latter. These 
determinations may therefore be designated glomerular 
plasma flow (GPF) and tubular plasma flow (TPF). 

The filtration fraction (FF) represents the fraction of 
plasma water which is filtered at the glomerulus, and has 
been determined by us as the ratio of the inulin clearance 

CiN 

to the tubular plasma flow : FF = jpp • If glomerular 

and tubular plasma flows are equal, the filtration fraction 
should equal the inulin extraction as obtained from 
Equation (2). 

This derivation of the filtration fraction difliers from 
that usually given, as other investigators have used this 
term to represent the ratio of the inulin clearance to the 
PAH clearance alone. Our values for FF are therefore 
lower than those previously reported. 

All figures have been corrected to a surface area of 
1.73 sq. m. 


RESULTS 


Data on ten subjects who were hospitalized 
for minor illnesses unrelated to the kidney, and 


who had normal blood pressures, are summarized 
in Table I. The subjects with abnormal renal 
function have been divided into two groups : those 
in whom vascular changes might be considered 
primary, and those in whom disturbances of renal 
circulation might be considered secondary to 
glomerular dysfunction. The first group (Table 
II) includes patients whose predominant com- 
plaint was high blood pressure. In some of these 
impairment of renal function was manifested 
clinically by albuminuria, hyposthenuria, and de- 
creased phenolsulfonphthalein excretion. Others 
presented only a history of elevated blood pressure 
for six months or more. Two patients who were 
diagnosed clinically as chronic pyelonephritis are 
also included in this group. 

The second group (Table III) is composed 
entirely of subjects with acute, subacute or chronic 
glomerulonephritis. 

There are many possible objections to this divi- 
sion of subjects. The variety of structural changes 
which may be produced in the kidney by any one 
of these disease processes is reflected in the dis- 
agreement of authorities as to their pathological 
classification. The existence of diffuse arteriolar 
disease in chronic glomerulonephritis is well rec- 
ognized, as is the fact that extensive glomerular 
changes occur in nephrosclerosis. A functional 
basis for the clinical classification of these patients 
is revealed, however, in the values found for the 
filtration fraction. As demonstrated in Figure 1, 
there is a sharp division between the patients with 
hypertensive disease of the kidney and those with 
glomerulonephritis; the former lying above, and 


TABLE I 
Normal subjects 


Pt. 

CiN 

Inulin 

extraction 

GPF 

CpAH 

PAH 

I extraction 

TPF 

FF 

Diagnosis 

E. F. 

cc.lmin. 

1 112 

per cent 

24.6 

cejmin. 

1 450 

cc.lmin. 

\ 544 

per cent 

1 83 

cc.lmin. 

659 

per cent 

17.0 

Bromide Intoxication, (Con- 

A. J. 

115 

11.6 

990 

595 

89 

668 

17.0 

valescent) 

Rheumatoid Arthritis 

W'. W. 

106 

14.5 

730 

716 

93 

770 

14.0 

Multiple Sclerosis 

E. W. 

107 

14.1 

759 

595 

91 

653 

16.4 

Psychoneurosis 

R. B. 

92 

19.7 

467 

519 

86 

604 

15.2 

Fibromyositis 

J. H. 

131 

20.7 

633 

527 

92 

573 

22.9 

[ Peptic Ulcer 

L. G. 

112 

12.3 

895 

730 

92 

794 

13.9 

' Psychoneurosis 

M. A. C. 

142 

— 

— 

764 

91 1 

840 

16.9 

Peptic Ulcer 

R. M. 

133 

— 

— 

652 

90 

725 

18.2 

Primary Optic Atrophy 

\V. F. \V. 

120 

— 

— 

742 

90 

825 j 

13.6 

Multiple Sclerosis 

Mean 

117 

16.8 

703 

638 

90 

710 j 

16.5 
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TABLE II 
Vascular diseases 


Pt. 

CiN 

Inulin 

extraction 

GPF 

CpAH 

PAH 

extraction 

TPF 

FF 

Diagnosis 



per cent 

mSi 

cc.lmin. 

Per cent 

cc.lmin. 

per cent 




21.5 


421 

90 

468 

23.3 

Essential Hypertension 



26.3 


588 

90 

654 

21.9 

Essential Hypertension 

B. G. 


17.2 


494 

91 

545 

24.4 

Post-Toxemic Hypertension 

M. S. 

109 

21.4 

509 

376 

87 

432 

25.2 

Essential Hypertension 

E.T. 

97 

26.3 

369 

276 

80 

345 

28.1 

Nephrosclerosis 

C. E. 

70 

25.7 

272 


86 

310 

22.6 

N ephrosclerosis 

L. M. 

54 

14.1 

383 


76 

292 

18.5 

Nephrosclerosis 

N.W. 

SO 

17.9 

280 

BttSH 

75 

275 

18.2 

Chronic Pyelonephritis 

B. H. 

36 

20.3 

177 

110 

58 

190 

19.0 

Nephrosclerosis 

G. H. 

36 

15.0 

240 

102 

64 

159 

22.6 

Nephrosclerosis 

L. H. 

20 

10.3 

194 

83 

73 

114 

17.5 

Chronic Pyelonephritis 

Mean 

78 

19.6 

386 

285 

79 

344 

21.9 



the latter below the normal mean. The two pa- 
tients with chronic pyelonephritis were found to 
have filtration fractions similar to the patients with 
nephrosclerosis with comparable degrees of renal 
damage. 

It may be seen from Tables II and III that the 
extraction of PAH remains within the normal 
range (83-93 per cent) until renal damage is 
moderately advanced. The number of determina- 
tions is insufficient to allow quantitative assess- 
ment of the degree of renal impairment which is 
incompatible with the complete extraction of PAH 
at low plasma levels. It appears, however, from 
these data that PAH extraction does not begin to 
decrease until the inulin clearance has fallen below 


60 cc./min. and PAH clearance below 300 cc./ 
min. Figure 2 is a graphic representation of the 
latter relationship. 

Estimates of glomerular and tubular plasma 
flow, as determined from the clearance and extrac- 
tion of inulin and PAH, are given in the tables 
and compared in Figure 3. The correlation be- 
tween the two determinations in individual patients 
is often poor (particularly in patients D. R, and 
A. J.), but in general the ratio of the values ap- 
proaches unity. Less divergence is found when 
mean values are considered. For all 28 patients 
in whom comparisons were made, the mean rate 
of glomerular plasma flow was 497 cc./min., and 
the mean rate of tubular plasma flow 466 cc./min. 


TABLE III 


Glomerulonephritis 


Pt. 

CiN 

Inulin 

extraction 

GPF 

CpAH 

PAH 

extraction 

TPF 

FF 

Diagnosis 

G. W. 

cc./min. 

67 

per cent 

12.7 

cc.lmin. 

528 

cc./min. 

444 

per cent 

89 

cc./min. 

499 

per cent 

13.4 

Subacute Glomerulonephritis. 

D. R. 

A. H. 
W.H. 

45 

12.8 

352 

519 

86 

604 

7.5 

(Nephrotic Stage) 

Subacute Glomerulonephritis 

77 

14.1 

546 

550 

90 

612 

12.4 

Acute Glomerulonephritis 

51 

10.2 

500 

440 

79 

557 

9.2 

Acute Exacerbation of Chronic 

B. B. 

78 

9.1 

857 

592 

80 

740 

10.4 

Glomerulonephri tis 

Chronic Glomerulonephritis; 

G. I. 

83 

7.5 

1106 

696 

86 

810 

10.2 

Latent Phase 

Subacute Glomerulonephritis; 

P. M. 

85 

7.1 

1196 

932 

82 

1135 

7.5 

Nephrotic Stage 

Chronic Glomerulonephritis; 

Nephrotic Stage 

Chronic Glomerulonephritis 

R. E. 
b.r. 

J. M. 

M. C. 

76 

13.0 

585 

373 

82 

455 

16.7 

17 


224 

121 

50 

242 


Chronic Glomerulonephritis 

56 


— 

293 

64 

458 


Chronic Glomerulonephritis 

12 

nmm 

— 

90 

35 

257 

mSm 

Chronic Glomerulonephritis 

Mean 

56 

10.2 

614 

423 

70 

545 

10.3 

i 
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TUBULAR plasma FLOW 


Fig. 1. Filtration Fraction Values in Patients 
WITH Hypertensive Disease of Kidney and with 
Glomerulonephritis 

We consider this convergence of the means to in- 
dicate that the individual differences are random 
and probably not significant, although the hetero- 
geneity of the sample does not permit statistical 
analysis. 

We have found greater fluctuations in the inulin 
concentrations of successive samples of renal 
venous blood than in the corresponding arterial 
samples. This phenomenon is being investigated 
further, as we feel that it may indicate some inter- 
mittency of glomerular filtration. 

DISCUSSION 

The application of clearance and saturation 
methods to the study of diseased kidneys has 
yielded much valuable information. Characteristic 
functional patterns in various renal disorders have 
been described (7, 8), involving chiefly alterations 
in the ratio of glomerular filtration to the mass 
of actively functioning tubular tissue. Less is 
known concerning disturbances of renal circula- 
tion in abnormal human kidneys, for the reasons 
set forth in the introduction to this article. 



too 200 BOO AOO 500 600 700 800 900 1000 


FttH CLEARANCE (ce/mla) 

Fig. 2. PAH Extraction and PAH Clearance in 
Normal Subjects and in Patients with Hyperten- 
sion, Glomerulonephritis and Chronic Pyelonephri- 
tis 

The present investigation has been concerned 
with the determination of cortical blood flow from 
the excretion and extraction of inulin and PAH. 
On theoretical grounds, agreement might be ex- 
pected in normal subjects between the values ob- 



■nJBUUm PLASMA nxm (ec/min) 

Fig. 3. Glomerular and Tubular Plasma Flow 
Determinations in Normal Subjects and in Patients 
WITH Hypertension, Glomerulonephritis and Chronic 
Pyei-onephritis 


GPF AND TPF IN NORAIAL AND DISEASED HUMAN KIDNEY 
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tained by using these two compounds. White and 
Heinbecker (9) found in the dog that determina- 
tions of renal plasma flow from the clearance and 
extraction of inulin and diodrast differed by less 
that 10 per cent. Reubi (10), however, has re- 
cently claimed that in man estimations of plasma 
flow from mannitol and PAH clearance and ex- 
traction do not agree. Our data show essential 
agreement between inulin and PAH determina- 
tions of plasma flow in seven subjects with normal 
renal function. 

The morphologic studies of Dehoff (11) and of 
Oliver (12) indicate that an extensive reorganiza- 
tion of the vascular pattern of the cortex takes 
place in the late stages of both nephrosclerosis and 
glomerulonephritis. Whereas in the normal kid- 
ney the tubules are supplied only with post- 
glomerular blood, in the diseased kidney numerous 
channels are to be found through which blood may 
pass directly from an interlobular artery or af- 
ferent arteriole to a peritubular capillary. The 
development of these vascular short-circuits has 
been associated by Oliver with the loss of the 
normal functional predominance of the glomerulus 
and the appearance of relatively aglomerular 
tubules. Smith (13) has postulated the existence 
of “impotent nephrons” lacking tubular activity, 
through which glomerular filtrate may pass un- 
changed to collecting ducts. 

It is conceivable that an extensive disturbance 
in the balance between glomerular and tubular 
blood supply might be reflected in a dispropor- 
tion between the rates of plasma flow as estimated 
from inulin and from PAH excretion and extrac- 
tion (GPF and TPF). We have not found such 
a disproportion, even in severely diseased kidneys. 
It is true, of course, that the methods employed 
yield only an estimate of the total blood supply of 
all functioning glomeruli and tubules, and it is 
manifestly impossible to detect from our data any 
dissociation of flow between the parts of individual 
nephrons. The results show only that the overall 
rates of perfusion of glomerular and tubular tissue 
are similar. This is not necessarily an index of 
the relative size or spatial relation of these seg- 
ments. Smith (13) has pointed out that the cir- 
culation of interstitial fluid in the kidney makes 
possible the extraction of diodrast by tubular cells 
located at a distance from the glomerulus where 
the filtration of inulin took place. It is probable 


that the values we have found in abnormal kidneys 
represent the means of a variety of rates of flow 
corresponding to the areas of atrophy and hyper- 
trophy which figure so prominently in microscopic 
sections of the diseased cortex. The absence of 
an appreciable difference between rates of plasma 
flow as determined by inulin and by PAH makes it 
highly unlikely, however, that the adaptive and 
regressive changes described by Oliver are as- 
sociated with any significant redistribution of the 
blood supply between glomerular and tubular tis- 
sue. The only alternative is to assume ' that in 
the kidneys under discussion inulin may be ex- 
creted by tubular cells or that PAH is excreted 
entirely by glomerular filtration. The different 
degrees of clearance and extraction of these sub- 
stances make either of these possibilities highly 
unlikely. 

Raaschou ( 14) has pointed out that in diseased 
kidneys the filtration fraction as calculated from 
clearances alone is an artificial concept, meaning 
only the relation between the volume of filtered 
fluid in the glomeruli and the amount of plasma 
flowing past active secretory tissue. The same 
objection might be raised to the use of the ratio of 
filtration rate to the minimal renal plasma flow as 
determined from PAH clearance and extraction. 
Since, however, the filtration fraction so derived 
equalled the observed extraction of inulin, we feel 
that it is a valid concept even in diseased kidneys, 
representing the actual fraction of plasma water 
filtered at the glomeruli. 

A low filtration fraction in the early and mod- 
erately advanced stages of glomerulonephritis has 
been noted previously by other workers (7, 8, 15 ). 
We have found that the filtration fraction remains 
low even in the late stages of this disease. This 
finding emphasizes the predominantly glomerular 
localization of the morbid process throughout its 
course, and suggests that the decreased circulation 
found late in the disease is secondary to glomerular 
obliteration. In the acute and subacute stages of 
glomerulonephritis, particularly in the nephrotic 
stage, a low filtration rate may be the only func- 
tional abnormality noted. A few of these patients 
actually showed an increased renal blood flow as 
measured both b}' inulin and by PAH. 

In contrast is the elevation of the filtration frac- 
tion in patients with hj-pertension and h^’pertcnsivc 
disease. Here the abnormality is primarily vascu- 
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lar in origin. Smith and his associates believe 
that the maintenance of the filtration rate with a 
decrease in blood flow is due to functional con- 
striction of the efferent glomerular arteriole. Our 
observations suggest that the filtration fraction 
tends to fall as the vascular disease progresses. 
This fall may represent the addition of occlusive 
changes in the afferent arteriole which counter- 
act the efferent vasoconstriction and lower the 
intraglomerular pressure. 

The recent demonstration by Trueta et al. (16) 
of arterio-venous shunts in the rabbit kidney has 
given rise to much speculation as to the existence 
and importance of these shunts in man. If blood 
is shunted away from the cortex through juxta- 
medullary channels the extraction of PAH should 
fall. This has been found to happen in rabbits 
(17). Our data indicate that in the diverse condi- 
tions studied PAH extraction was not decreased 
until renal damage was moderately advanced, sug- 
gesting that the Trueta mechanism is not operative 
in the early stages of hypertension and glomerulo- 
nephritis under resting conditions. 

SUMMARY AND CONCLUSIONS 

1. Glomerular plasma flow (GPF) has been 
estimated from the rate of urinary excretion and 
the arterial- renal. venous inulin difference, and 
compared with the tubular plasma flow (TPF) 
obtained from the excretion and renal extraction 
of sodium para-aminohippurate in normal subjects 
and in patients with varying degrees of renal 
impairment. 

2. The general agreement between the values 
obtained for GPF and TPF indicates that there is 
no extensive dissociation of glomerular and tubular 
circulation, even in advanced renal disease. 

3. The ratio of glomerular filtration rate to renal 
plasma flow (filtration fraction) is lower than the 
normal mean in all stages of glomerulonephritis, 
and higher than normal in nephrosclerosis and 
chronic pyelonephritis. 

The author wishes to thank Dr. E. A. Stead, Jr., for 
advice and encouragement, and the following for technical 
assistance: Miss Eloisc Covington, Miss Hodge Person 
and Mrs. Juanita M. Clontz. 

bibliography 

1. Warren, J. V., Brannon, E. S., and Merrill, J., 
Method of obtaining renal venous blood in un- 
ancsth.ctized persons with observ'ations on extrac- 


tion of oxygen and sodium para-amino hippurate. 
Science, 1944, 100, 108. 

2. Bradley, S. E., Curry, J. J., and Bradley, G. P., 

Renal extraction of p-aminohippurate in normal 
subjects and in essential hypertension and chronic 
diffuse glomerulonephritis. Federation Proc., 1947, 
6, 79. 

3. Goldring, W., and Chasis, H., Hypertension and 

Hypertensive Disease. The Commonwealth Fund, 
New York, 1944. 

4. Corcoran, A. C., and Page, I. H., Applications of 

diphenylamine in determination of levulose in bio- 
logical media; determination of inulin; determina- 
tion of levulose in small amounts of blood. J. Biol. 
Chem., 1939, 127, 601. 

5. Smith, H. W., Finkelstein, N., Aliminosa, L., Craw- 

ford, B., and Graber, M., The renal clearances of 
substituted hippuric acid derivatives and other aro- 
matic acids in dog and man. J. Clin. Invest., 1945, 
24, 388. 

6. Phillips, R. A., Dole, V. P., Hamilton, P. B., Emer- 

son, K., Archibald, R. M., and Van Slyke, D. D., 
Effects of acute hemorrhagic and traumatic shock 
on renal function of dogs. Am. J. Physiol., 1946, 
145, 314. 

7. Earle, D. P., Taggert, J. V., and Shannon, J. A., 

Glomerulonephritis: a survey of the functional or- 
ganization of the kidney in various stages of dif- 
fuse glomerulonephritis. J. Clin. Invest., 1944, 23, 
119. 

8. Corcoran, A. C., Taylor, R. D., and Page, I. H., 

Functional patterns in renal disease. Ann. Int. 
Med., 1948, 28, 560. 

9. White, H. L., and Heinbecker, P., Observations on 

inulin and diodrast clearances and on renal plasma 
flow in normal and hypophysectomized dogs. Am. 
J. Physiol., 1940, 130, 464. 

10. Reubi, F. C., The renal extraction of mannitol and 

para-aminohippurate compared to their excretions 
in normotensive and hypertensive subjects. J. Clin. 
Invest., 1948, 27, 553. 

11. Dehoff, E., Die' Arteriellen Zuflusse des Capillar- 

systems in der Nierenrinde des Menschen. Vir- 
chow’s Arch. f. path. Anat., 1920, 228, 134. 

12. Oliver, Jean, Architecture of the Kidney in Chronic 

Bright’s Disease. Paul B. Hoeber, Inc., New 
York, 1939. 

13. Smith, H. W., Note on the interpretation of clear- 

ance methods in the diseased kidney. J. Clin. 
Invest, 1941, 20, 631. 

14. Raaschou, F., Studies of Chronic Pyelonephritis. 

Ejnar Munksgaard, Copenhagen, 1948. 

15. Black, D. A. K., Platt, R., Rowlands, E. N., and 

Varley, H., Renal ha:modynamics in acute nephri- 
tis. Clinical Science, 1948, 6, 295. 

16. Trueta, J., Barclay, A. E., Franklin, K. J., Daniel, 

P. M., and Prichard, M. M. L., Studies of the 
Renal Circulation. Charles C. Thomas, Spring- 
field, 1947. 

17. Cargill, W. H., and Black-Shaffer, B. C, Unpub- 

lished observations. 



HYPERVOLEMIC ANEMIA IN CIRRHOSIS 

By JEANNE C. BATEMAN, HAROLD M. SHORR, and TORBJORN ELGVIN 

(From the Department of Medicine, New York University College of Medicine, and the Third 
Medical Division of Bellevue Hospital, New York City) 

(Received for publication August 9, 1948) 


Anemia is usually considered to exist when there 
is a reduction of hemoglobin, red blood cells or 
both, per unit volume of blood. This concept is 
valid in most types of anemia. There is an ap- 
parent tendency on the part of the body to com- 
pensate for a reduction in circulating red cell mass 
by an increase in plasma with resultant more or 
less normal blood volume for the individual (1). 
We have found this to be true even with the pro- 
found reduction of red blood cell mass occurring 
in cases of aplastic anemia of unknown etiology. 
There are, however, certain exceptions wherein 
gross alterations in total blood volume may mask 
the true hematological state. Reduction in total 
blood volume in spite of increase in plasma volume 
has been reported in pernicious anemia during re- 
lapse (2-4) . Conversely, a significant increase in 
total blood volume with a relatively greater in- 
crease in plasma volume than in circulating red 
cell mass may, when only routine blood counts are 
done, suggest a more severe grade of anemia than 
actually exists. Such cases might be expected to 
respond poorly to hematinic agents. The follow- 
ing data suggest that the anemia occurring in cir- 
rhosis of the liver is of this character. 

METHODS 

Hemoglobin determinations were done by the oxy- 
hemoglobin method on a Klett Summerson photoelectric 
colorimeter. Normal hemoglobin values for males were 
considered to be 16 grams per cent, for females 14 grams 
per cent. The Nesslerization method was employed for 
plasma protein determinations and readings were made on 
a Coleman Junior spectrophotometer. Plasma volume 
was measured by the Evans Blue (T-1824) dye method 
using a single blood sample as recommended by Gregersen 
(S). The plasma dye concentration was determined on 
a Coleman Junior spectrophotometer. The standard curve 
')®s made with plasma. Blood for hematocrit determina- 
tion was drawn from the antecubital vein following rc- 
ease of the tourniquet. In a small series of simultaneous 
lematocrit determinations on blood drawn in this manner 
an femoral vein blood thcr^ was found to be no essen- 
tia difference. Heparin was used as an anticoagulant 


and hematocrit readings were made after 30 minutes of 
centrifugation at 3000 r.p.m. Gibson ( 6 ) using radio- 
active iron found the body hematocrit to be about nine- 
tenths of the large vessel hematocrit. This suggests that 
hetnatocrit determinations done in the usual way may be 
too high. Total blood volume was calculated from 
plasma volume and hematocrit according to the formula: 

Plasma vol. in cc. . . o' . j i 

TTrr 1 TT X 100 = Total blood volume 

100 — hematocrit 

Results of total blood volume determinations done on 
four healthy young male adults ranging from 174 to 180 
cm. in height were found to be S,051, 5,277, 5,500 and 5,532 
cc. These figures are slightly lower than those of Gibson 
(7) for normal individuals of this height. The calcu- 
lated normal values for blood and plasma volumes of the 
patients studied were derived from the chart prepared 
by Gibson and Evans (7) using the patient’s height as 
the basis of the calculation. It has been suggested that 
in the presence of obesity or significant weight loss, height 
or ideal weight be employed to predict normal plasma 
volume ( 8 ). 

The figures for hemoglobin and red blood counts cor- 
rected for expected normal blood volumes were derived 
by the following formula: 


Patient s hemoglobin -n, , , , 

— —3 , -r , ■ , ; X Blood volume calcu- 

Estimated normal blood volume 

lated by dye hematocrit method = Corrected hemoglobin 

Patient’s red blood count n, . , , 

— — -j rT: 3 — ; X Blood volume calcu- 

Estimated normal blood volume 

lated by dye hematocrit method = Corrected red blood 

count 


Bone marrow for study was obtained by sternal punc- 
ture done under local anesthesia. The relationship be- 
tween the sternal marrow findings and the peripheral 
blood counts is depicted on Figure 1. 


MATERIAL 

Seven cases of cirrhosis of the liver from the Third 
Medical Division of Bellevue Hospital were studied. 
The hematological observations on tliese patients were 
made prior to and during the administration of therapy 
for cirrhosis as well as for the anemia which the patients 
exhibited. The studies were terminated by transfer to 
another hospital (one case), by death (two cases), and 
arbitrarily when it became obvious tliat the patient had 
not responded to hematinic agents in the expected fashion 
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HEMOGRAMS AND STERNAL MARROW FINDINGS ON FIVE PATIENTS WITH CIRRHOSIS. 


Case no . 

W 

V 

IV 

VI 

vn 


PATIENT 

V.O. 

R.G. 

A.A. 

OM, 

M.F. 


AGE 

37 

42 

49 

47 

58 


SEX 

M 

M 

M 

F 

F 


Hb GMf* 

13.68 

8.95 

9.86 

7.70 

5.25 


RBC 

3.68 

2.45 

ZA7 

4.68 

2.24 


WBC 

12,600 

13,250 

10,950 

11,850 

9,850 


MCV 

82.3 

126.5 

97.9 

66.3 

77.6 


MCHb 

37 

36.5 

26.4 

16.4 

23.4 


MCHbC 

40 

28.8 

29 

24 

30.1 


STERNAL MARROW 







MYELOBLASTS 

0.6% 

0.4% 

1.6% 

1.2% 

0.6% 


PREMYELOCYTES 

0.6 

1 .1 

1.7 


0.2 


NEUTROPHILIC MYELOCYTES 

15.3 

13.7 

1 1.3 

9.0 

3.2 


NEUTROPHILIC META MYELOCYTES 1 

17 

19.6 

12 

12.5 

3.8 


NEUTROPHILIC META MYELObYTES II 

17.2 

23.1 

1 8.7 

1 9.3 

6.0 


NEUTROPHILIC POLYMORPHONUCLEARS . 

13.3 

9.4 

18.3 

25.3 

30.0 


EOSINOPHILS 

2.6 

4.4 

2.0 

0.4 

1.6 


BASOPHILS 

0.5 

0.4 

0.2 

0.2 

1.0 


LYMPHOCYTES 

9.7 

10.2 

15.5 

22.2 

25 


LARGE ATYPICAL LYMPHOCYTES 




2.0 

2.0 


MONOCYTES 




0.3 

0.2 


RETICULUM CELLS 



1.3 




PLASMA CELLS 



1.0 


0.4 


ERYTHROBLASTS 



2.0 


0.2 


MEGALOBLASTS 


0.2 


0.2 



MACROBLASTS 


1.5 

1.5 


1.6 


NORMOBLASTS 

2.2 

16.0 

13.0 

7.4 

22.2 , 


MEGAKARYOCYTES 



SCANT 

OCC. 




Fig. 1 


(three cases). One patient in whom the diagnosis was 
not clear cut (M. F.) ran an unexpected course. 

The data on these cases are summarized in Table I. 
There are four males and three females ranging from 36 
to 58 years of age. All patients but one had histories of 
excessive aleohol consumption with more than one pre- 
vious hospital admission for that complaint alone. One 
male had a history of inadequately treated lues and the 
female with no history of alcoholism was found to have 
positive serology on two occasions. The symptoms in- 
cluded weakness of varying duration in all patients and 
weight loss which was frequently partially masked by 
ascites formation. Complaints referable to the abdomen 
were those of vague abdominal discomfort usually promptly 
followed by the development of swelling. Gastro-intesti- 
nal complaints consisted of anorexia in six individuals, 
bouts of nausea and vomiting in four. Hemorrhagic 
phenomena had been present at some time in four patients 
although in the 36 year old male these could be attributed 
to a concurrent vitamin C deficiency. 

Dullness or confusion was present in four patients, 
milder personality abnormalities in two. Onlj' the non- 
alcoholic patient showed no signs of mental deterioration. 
Telangiectasia was present in five cases, hepatomegaly in 
all, splenomegaly was noticed in only one, jaundice (usu- 
ally mild or moderate) was present five times, and ascites 
ar.d edema six times. 


Laboratory data are given in the table. Only repre- 
sentative determinations are presented. One patient (M. 
F.) whose history and physical findings were somewhat 
atypical was found to have esophageal varices on X-ray 
as' well as biopsy findings compatible with cirrhosis. The 
diagnosis of cirrhosis was substantiated in two other 
patients by biopsy studies. 

Sternal marrow studies (Figure 1) failed to reveal a 
megaloblastic bone marrow even in R. G. whose mean 
corpuscular volume was 126 and who showed a moder- 
ately severe grade of anemia. One patient, V. D., who 
was almost terminal at the time of study manifested a 
marked depression in the red cell series. No striking 
abnormalities were noticed, otherwise. 

The hematological studies in relationship to blood vol- 
ume and therapy are presented graphically in Figures 2 
to 7 inclusive. No blood volume studies were done on 
T. M. (Figure 2) but his lack of response’ to hematinic 
drugs was characteristic even of patients treated longer 
and more vigorously. The slight reticulocyte rise ob- 
served following institution of therapy was considerably 
below that which might be expected in an anemia of the 
degree suggested by his blood counts. 

Two patients (V. D. and E. F.) expired shortly after 
admission to the hospital. It was not possible therefore 
to obsen.-e their response to anti-anemia therapy. How- 
ever, it will be observed (Figure 3) that the blood counts 
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TABLE I 


Data on seven cases of cirrhosis of the liver 


Case 

I 

II 

III 

IV 

V 

VI 

VII 

Patient 

T. M. 

V. D. 

E. F. 

A. A. 

R. G. 

0. M. 

M. F. 

Sex 

M 

M 

F 

M 

M 

F 

F 

Age 

36 

37 

46 

49 

42 

47 

58 

Ht ■ 


S'6" 

S'5" 

5'6'.' 

STO" 

5'3" 

4T1" 

Alcoholism 

Pos. 

Pos. 

Pos. 

Pos. 

Pos. 

Pos. 

Neg. 

Lues 

Neg. 

Neg. 

Neg. 

Pos. 

Neg. 

Neg. 

Pos. 

Symptoms 








Weakness 

3 mos. 

Indef. 

3 mos. 

1§ mos. 

Indef. 

1 mo. 

2 mos. 

Weight loss 


Pos. 

Pos. 

27 lbs. 

15 lbs. 

Pos. 

None 

Abdominal discomfort 

Absent 

Present 

Present 

Present 

Present 

Present 

Present 

Abdominal swelling 

None 

Present 

1 week 

Present 

2 weeks 

Present 

2 mos. 

Anorexia 

Pos. 

Pos. 

3 mos. 

6 mos. 

Pos. 

1 mo. 

None 

Nausea 

Neg. 

Pos. 

3 mos. 

6 mos. 

Pos. 

1 mo. 

None 

Vomiting 

Neg. 

Pos. 

3 mos. 

6 mos. 

Pos. 

1 mo. 

None 

Bleeding 

Ecchymosis 

Melena 

None 

None 

Melena 

Hemateme- 

None 


gingival 




hematemesis 

sis 


Signs 








Confusion 

None 

Marked 

Mod. 

Dullness 

None 

Marked 

None 

Telangiectasia 

Present 

Present 

Present 

Present 

Present 

Absent 

Absent 

Hepatomegaly 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

Splenomegaly 



Slight 





Jaundice 

Absent 

Mod. 

Slight 

Slight 

Mild 

Mod. 

None 

Ascites 

None 

Present 

Present 

Marked 

Slight 

Marked 

Marked 

Edema 

Minimal 

Present 

Present 

Present 

None 

Present 

Mild 

Laboratory findings 








Albuminuria 

+ 

+ 

+ 

+ 

+ 

+ 

Neg. 

Urobilinogenuria 


— 

1:40 

1:20 

1:10 

1:200 


Bilirubinuria 


+ + 4- + 

+ + + + 

+ 

+ 

4* 


Total plasma prot, gm. % 

7.6 

5.6 

5.7 

6.5 

6.9 

6.4 

5.6 

A/G ratio 


23/33 

2.7/3.0 

2.5/4.0 

3.4/3.5 

3.0/3.4 

2.7/2.9 

Cephalin flocculation 

Pos. 

Str. pos. 


Str. pos. 

Str. pos. 

Str. pos. 

Neg. 

Thymol turbidity 


11 


8.6 

21.5 



Alkaline phos. 

3.4 

6.8 


5.0 

9.1 

8.8 

12.8 

Cholesterol total 

267 

44 

141 

67 

436 

283 

252 

esters 


8 

37 

49 

321 

82 

116 

Non-protein nitrogen 


27 

57 

37 

33 

25 

35 

Icterus index 


150-240 

18 

18 

21 

32 

4 

Hb. in gm. % 

10.1 

13.6 

11.7 

9.8 

8.9 

7.7 

5.2 

KtSC in millions 

3.12 

3.68 

3.40 

3.47 

2.45 

4.68 

2.24 

MCV, cu. /i 

115 

93 

103 

98 

126 

68 

77 

Blood volume in cc. 


6506 

5365 

6147 

7043 

5290 

4425 

rlasma volume in cc. 


4294 

3510 

4064 

4860 

3995 

3720 

Esophageal varices 


Suggestive 





Present 

Liver biopsy 




Cirrhosis 

Cirrhosis 


Cirrhosis 


recalculated on the basis of normal blood volumes for 
individuals of their height (7) suggested that these 
patients were not actually anemic. 

Intraheptol was ineffective and folic acid produced only 
an insignificant reticulocytosis in A. A. and R. G. (Fig- 
ures 4 and 5). The hemoglobin and red blood cell values 
recalculated on the basis of normal blood volumes arc 
again found to be higher than routine blood counts 
indicated. 

Two patients (O. M. and II. F.) had a microcytic 
'ipochromic type of anemia (Figures 6 and 7). Paren- 
cra liver extract which had been given for the patient’s 
'f i^iisultcd in no alteration in the blood picture 

^ • al. However, a reticulocyte response followed by 


a rise in hemoglobin (determination made at another 
hospital following patient’s transfer) indicates a favorable 
response to iron in this case. M. F. likewise showed an 
improvement in her blood count. She received liver 
extract and ferrous sulfate simultaneously. It was felt 
that iron alone would probably have been equally 
effective. 

DISCUSSION 

In a study of 132 patients with hepatic disorder 
Wintrobe (9) concluded that, except when hemor- 
rhage or a complicating infection was associateti 
with it, anemia occurring in liver di.sease was 
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APRIL 1947 MAY 1947 T.M. WHITE 



Fig. 2. Folic Acid Therapy in a Case of Cirrhosis with Minimal 
Hematological Response 


OCT. 


V.O. WHITE 
3T TR5. 


E.r. WHITE p 

46 YRS. 



Henioglobin and red blcid cell counts recalculated on basis of expected normal blood volumes 
arc shown to be much lucher than routine blew] counts would indicate. 
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normocytic or macrocytic. Furthermore when trobe and Shumacker (11) obtained a clear-cut 
macrocytic anemia was present it was morphologi- response to liver therapy in only one out of four 
cally similar to that seen in pernicious anemia and patients. Schiff, Rich and Simon (12) prepared 
like the latter manifested spontaneous remissions extracts from the livers obtained at post mortem 
and was influenced by intramuscular liver therapy, from five patients with chronic liver disease, in- 
Goldhamer (10) reported a case of cirrhosis of eluding two with cirrhosis. The extracts were 
the liver in which free HCl was present in the administered to a suitably controlled group of pa- 
gastric contents and in which the blood picture sim- tients with pernicious anemia in relapse. A char- 
ulated that seen in pernicious anemia. There was acteristic reticulocytosis resulted followed by an 
a response to parenteral liver extract but the fig- increase in hemoglobin and red blood cells and 
ures given suggest that it was very slight. Gold- marked clinical improvement. This response was 
hamer concluded that interference with storage attributed to the presence of anti-anemic principle 
of anti-anemic principle was a factor in the pro- in the liver extract administered, 
duction of macrocytic anemia in cirrhosis. Win- Hypochromic macroc)i:ic anemia is an infre- 


NOV. 1947 DEC. 1947 JAN. 1948 **’*‘^^ 



Fig. 4. Hematological and Blood Volume Studies in Patient Who Received Large Doses 

OF Intraheptol and Folic Aao 

Hemoglobin and red blood cell ralues recalculated on basis of expected normal blood volume 
are seen to be higher than those found on routine counts. Hematological response to therapy 
poor. 
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Fig. 5. Prolonged Therapy with Intraheptol Supplemented by Folic Acid with no 
Appreciable Alteration in Hematological Picture 
Recalculated hemoglobin and red blood cell values 11 grams per cent and 3.02 millions 
respectively. 


quent finding. Davis and Brown (13) describe 
two cases having mean corpuscular volumes of 100 
and 101 cubic microns and mean corpuscular he- 
moglobin concentrations of 23 and 26 per cent 
respectively. We had previously noticed the oc- 
currence of this type of anemia in some patients 
with cirrhosis. In this series of cases three pa- 
tients (T. M., A. A., R. G.) exhibited a persist- 
ently macrocytic hypochromic anemia while in 
one patient (M. F.) a microcytic hypochromic 
anemia changed to a macrocytic hypochromic ane- 
mia during therapy. The latter finding is prob- 
ably due to a double deficiency involving depleted 
iron stores as well as a lack of, or inability to 
utilise, tlie erythrocyte maturation factor. 


Hypervolemia has been reported as occurring 
in cirrhosis of the liver (14) as well as in acute 
liver disease (15). Labby (15) has suggested that 
failure of the acutely inflamed liver to store blood 
efficiently may partially explain the concomitant 
rise in circulating red cell mass found in the latter 
condition. 

Intraheptol is considered to have three units of 
anti-anemic principle per cc.^ and would therefore 
be expected to have an action similar to that of 
purified liver extract. An extensive literature has 
recently appeared on the use of folic acid as an 
effective agent in the treatment of macrocytic 
anemia of various types (16-24). While the he- 

* Personal communication from Dr. Elaine P. Ralli. 
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matological response obtained in pernicious ane- 
mia may not be as marked as when parenteral 
liver extract is used, the results with folic acid 
are impressive. In sprue and other nutritional 
macrocytic anemias folic acid therapy compares 
favorably with liver therapy. 

Neither intraheptol nor folic acid altered the 
hematological status of our patients. The small 
reticulocyte rise following folic acid administra- 
tion is considered to be not significant. 

When, however, the hematological picture is 
considered in the light of the marked increase in 
blood volume it becomes apparent that the ma- 
jority of these patients actually had either no de- 
ficiency in total red cell mass and hemoglobin or 
only a mild one. 


Bleeding phenomena as hematemesis, melena, 
gingival oozing, and ecchymosis were present or 
reported in the histories of three male patients. 
Two of these patients (T. M., R. G.) as well as 
one (A. A.), whose past history was extremely 
unreliable, showed a mild hypochromia of the red 
blood cells with a macrocytosis. Two of the wo- 
men had a hypochromic microcytic anemia. This 
is not surprising since mild hypochromic anemia 
secondary to chronic menstrual blood loss is a 
common finding. The picture is a little compli- 
cated in that both of these patients received liver 
extract as well as ferrous sulfate. It is interesting 
to note that the blood picture in M. F. assumed a 
macrocytic character after her hematological re- 
sponse to therapy. In view of the findings in the 



Fig. 6. Hypochromic Microcytic Tyte of Blood Picture Showing Response to Ferrous 

Sulfate Therapy 

Blood and plasma volume determinations done on two occasions arc markedly above calculated 
norma! values. 
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other cases reported it is felt that ferrous sulfate 
alone would have been as effective in these women 
as when combined with liver extract. 

SUMMARY AND CONCLUSIONS 

1. The marked increase in total blood volume 
with a relatively greater increase in plasma than 
in circulating red cell mass occurring in cirrhosis, 
when only routine hematological studies are made, 
suggests a more severe degree of anemia than 
exists. 

2. The presence of an almost nonnal circulating 
red cell mass may partially explain the poor re- 
sponse to anti-anemic agents in macrocytic ane- 
mia associated with cirrhosis. 

3. Hypochromic microcytic anemia occurring in 
ciiroriic liver disease apparently responds to fer- 
rous sulfate therapy in some cases. 
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There are numerous circumstances in which it 
would be desirable to administer substances sub- 
cutaneously, intramuscularly or intraperitoneally 
that cannot or should not be given intravenously. 
Since the need for parenterally administered pro- 
tein and fat is one of the most urgent problems 
in clinical medicine, we felt it worthwhile to ex- 
plore the possibility of facilitating their absorption 
from the tissues by the use of hyaluronidase,- a 
non-antigenic “spreading factor” first isolated 
from the testicle (1-3). Sannella (4) observed 
that this enz 3 mie hastened the absorption of saline 
solution from the subcutaneous tissues of the rab- 
bit. Hechter (5) found this to be true also in man, 
not only for saline solution but for plasma as well. 
Studies were therefore undertaken for a more pre- 
cise determination o'f the facts for plasma by the 
use of plasma tagged with radioactive iodine. 
Similar observations with respect to fat will be 
reported (6). 

METHOD 

Preparation of radioactive iodo-plasma protein 

Plasma was iodinated as previously described (7) with 
the following new modifications. About 2 millicuries of 
I'” (as Nal) (half life, eight days) ^ were added to 5 
mgni. of carrier iodine (as a KI solution) and diluted to 
15 cc. with distilled water. One cc. of this solution was 
diluted 100,000 times with distilled water as standard. 

The remaining 14 cc. was mixed with 25 cc. of carbon 
tetrachloride and to this mixture was added 20 mgm. of 
tiotassium iodatc and 0.1 cc. of concentrated hydrochloric 
acid. Free iodine was extracted by the carbon tetra- 

1 .‘\ided by a grant from the Patrons of Research of 
the Beth Israel Hospital, Boston. 

- The hyaluronidasc used in these experiments was 
obtained as “Hyronasc” through the courtesy of Sobering 
Corporation, Bloomfield, New Jersey. The preparation 
U'-ed contained approximately aO turbidity reducing units 
per mgm. 

" Obtained from Monsanto Chemical Corporation, Oak 
Ki’ge. Tcnnes<ee. 


chloride, which was separated and added to 500 cc. of 
plasma (obtained from fresh heparinized dog’s blood) 
containing 20 cc. of 25% sodium carbonate. The violet 
color of the carbon tetrachloride solution was rapidly 
discharged on shaking the mixture, which was then al- 
lowed to stand for 20 minutes, after which the carbon 
tetrachloride was separated. The iodinated plasma pro- 
teins were then dialyzed in a cellophane bag against cold 
running tap water for 72 hours to remove unbound ionic 
iodine. The plasma, now cloudy, was cleared by adding 
a few grams of sodium chloride and 5-10 cc. of 25% 
sodium carbonate solution. The volume was measured 
and 1 cc. was diluted up to 100 cc. and the radioactivity 
of 1 cc. of this dilution was determined to calculate the 
per cent of radioactivity incorporated. The pH of the 
solution was adjusted to 7.4 (glass electrode), with 
dilute hydrochloric acid. The plasma was then sterilized 
by Seitz filtration and stored in lead-shielded sterile 
bottles at 4° C. 

Ten to 14% of the radioactive iodine utilized was 
incorporated in the plasma proteins. The greater the 
iodine content of iodinated protein, the greater the rate 
of disappearance from the circulating blood after injec- 
tion. The iodo-proteins we produced contained about 
0.02-0.03% iodine. This amount is well below the upper 
limit of iodine content required to avoid exceeding the 
lowest possible degree of denaturation in a protein mole- 
cule so tagged. “If one atom of iodine had been incor- 
porated per average protein molecule, the plasma proteins 
would have contained about 0.2% of iodine, which is the 
theoretical upper limit of iodine content for obtaining the 
slowest possible rate of disappearance of a halogenated 
protein from the circulating plasma” (7), following in- 
trar'enous injection of iodinated plasma proteins. 

Data concerning the stability of the iodine linkage in 
iodinated plasma protein have been presented previously 
(7). Examination of a blood specimen, taken 23 days 
after a dog had been given an injection of radioactive 
plasma protein subcutaneously, revealed the total absence 
of radioactivity in the protein free filtrate of the plasma, 
although considerable radioactivity was present in the 
plasma. Apparently the radioactive iodine was still 
bound to the protein. 

Animal experiments 

IMongrel dogs were given morphine sulfate (2 mgm. 
per kgm,). Normal o.xalated plasma was obtained for 
preparation of a standard, and the dog then received a 
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TABLE I 


Radioactivily in the circulating blood plasma in per cent of the total radioactivity injected * 


Time 

in 

hours 

Dog 1 

Dog 2 

Dog 3 

Dog 4 

Dog 5 

I 

I 

Subcu- 

taneous 

injec- 

tion 

Subcu- 

taneous 

injec- 

tion 

and 

hyalu- 

ronidase 

Intra- 

venous 

injec- 

tion 

I 

1 

Subcu- 

taneous 

injec- 

tion 

Subcu- 

taneous 

injec- 

tion 

and 

hyalu- 

ronidase 

Intra- 

venous 

injec- 

tion 

Subcu- 

taneous 

injec- 

tion 

Subcu- 
taneous 
injec- i 
tion 
and 
hyalu- 
ronidase 

i 

Intra- 

venous 

injec- 

tion 

Subcu- 

taneous 

injec- 

tion 

Subcu- 

taneous 

injec- 

tion 

and 

hyalu- 

ronidase 

Intra- 

venous 

injec- 

tion 

Subcu- 

taneous 

injec- 

tion 

Subcu- 

taneous 

injec- 

tion 

and 

hyalu- 

ronidase 

Intra- 

venous 

injec- 

tion 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% i 

% 

% 

I 

0.3 

1.0 

so 

2.0 

1.0 

49 

1.0 

2.0 

53 

1.0 

2.6 

63 

1.0 

0.9 

49 

3 

0,7 

1.4 

46 

3.1 

2.0 

48 

1.5 

3.2 

46 

1.0 

' 2.8 

52 

1.2 

1.6 

47 

5 

0.9 

1.8 

43 

4.1 

4.1 

46 

2.0 

4.0 

41 

1.1 

i 3.5 

49 

1.3 

2.2 

45 

8 

1.5 

2.5 

37 

5.0 

14 

43 

4.5 

6.0 

38 

2.0 

' 6.0 

46 

1.6 

3.9 

41 

12 

2.0 

4.0 

30 

7.1 

16 

39 

11 

19 

33 

4.0 

^ 9.5 

44 

i 3.8 

7.0 

36 

24 

4.0 

9.0 

25 

17 

27 

28 

18 

32 

23 

14 

27 

32 

! 10 

IS 

28 

36 

8.3 

14' 

22 

19 

27 

26 

19 

35 

19 

19 

! 31 

29 

! 14 

22 

21 

48 

10 

17 

20 

20 

25 

24 

19 

33 

16 

20 

! 30 

24 

^ 16 

26 

21 

56 

12 i 

18 

18 

18 

24 

22 

17 

22 

16 

22 

29 

21 

17 

24 

20 

72 

11 

IS 

16 

17 

20 

19 

13 

21 

15 

18 

26 

17 

14 

23 

18 

96 

10 

12 

12 

15 

17 i 

17 

11 

19 

12 

IS 

21 

13 

13 

21 

16 

120 

9.0 

9.2 

11 

13 

16 

14 

8.5 

15 

11 

13 

19 

12 

12 

19 

15 

144 

8.2 

9.2 

9.9 

12 i 

14 

13 

7.5 

13 

10 

11 

17 

11 

9.0 

17 

13 

168 

7.5 

9.0 

9.1 

10 

9.9 

14 

6.5 

12 

8.5 

9.5 

16 

10 

6.5 

IS 

13 

192 

6.8 


8.2 

9.0 

8.0 

11 

5.9 

10 

7.5 

8.5 

14 

9.5 

6.5 

13 

12 


* About six weeks elapsed between each injection in order to allow the radioactivity in the blood plasma to dis- 
appear completely. 


Because of the variation in the rate of absorption from 
dog to dog, it was found necessary to use the same ani- 
mal for all three parts of the experiment. Five such ex- 
periments were completed. Similar experiments were 
carried out on two dogs in which radioactive plasma was 
injected intraperitoneally instead of subcutaneously. 

Measurement of radioactivity 

Plasma (1 cc.) was evaporated in an aluminum cup to 
dryness at 37° C. for 24 hours. The radioactivity of 
this preparation was compared with a standard which 
was similarly prepared after adding 0.2 cc. of the original 
radioactive plasma used for the injection to 1 cc. of non- 
radioactive plasma prepared from the blood sample taken 
from each dog just before it received the radioactive 
plasma. 

All specimens were measured for radioactivity with a 
Tracerlab Autoscaler and bell type G.Jf. tube with mica 
window (4 mgm, per sq. cm.), shielded wdth 1.5 inches 
of lead. All readings were at least five times back- 
ground. The percentage of injected radioactivity circu- 
lating in the blood plasma was calculated by the follow- 
ing formula; 

% circulating radioactivity 

activity in counts per minute of 1 cc, of plasma 

_ X estimated plasma volume X 100 

activity of 0.2 cc. of injected radioactive plasma 
X 5 X dilution factor* X numbercc- injected 

®In some cases it was necessarj- to dilute the radio- 
active plasma 100 times before preparing the standard 
with 0.2 cc, and I cc. of non-radioactivc plasma. 


subcutaneous injection in the thigh of 10 cc. per kgm. of 
sterile radioactive plasma proteins. Blood specimens for 
radioactivity determinations were then taken from the 
opposite leg at or about the following intervals, in hours : 
1. 3, 5, 8, 12, 24, 36, 48, 72, 96, 120, 144 and 168. When 
the radioactivity of the plasma reached zero, usually at 
the end of about six weeks, the same animal received a 
subcutaneous injection in the opposite thigh of 12 TRU * 
of hyaluronidase in 10 cc, of sterile normal saline followed 
at once by 10 cc. per kgm. of sterile radioactive plasma 
proteins.^ The injection was given slowly and gently 
into the subcutaneous space and without producing undue 
tissue pressure. The time required for the mass of sub- 
cutaneous fluid to disappear was observed. The thigh 
injected was immobilized for 12 hours to prevent the 
introduction of error due to motion or pressure. 

When the radioactivity of the plasma again reached 
zero, the dog was given 10 cc. per kgm. of sterile radio- 
active plasma protein intravenously in order to observe 
Its rate of disappearance from the blood. For this pur- 
pose,^ samples were drawn at about the same intervals 
mentioned previously. 

*TRU — ^Turbidity reducing units, 

' It has been observed that the spreading response in- 
' hyaluronidase is influenced by the enzyme con- 

3id the volume of injection (8). To employ 
1 1 C best conditions for the action of hyaluronidase, 240 pg. 
0 the enzyme or at least 10 times that ordinarily recom- 
mended and a volume of plasma protein larger than the 
''olume of the injection site were used. The 

i|g was used because of the tightness of the tissues in 
this area. 
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Fig. 1. Rate of Absorption into Blood of Injected Radioactive 
loDO-PLASMA Protein 


The hematocrits of several dogs averaged 50%. Assum- 
ing the blood volume to be 10% of the body weight, the 
plasma volume was estimated to be 5% of the body 
weight. Table I shows the results of these calculations 
for all experiments. The results of the three series of 
observations in each experiment were plotted for com- 
parison. In Figure 1 the disappearance of radioactivity 
from the plasma after administration by three techniques 
is shown for one dog. 


It will be noted that the disappearance rate of radio- 
activity after an intravenous injection of radioactive iodo 
plasma proteins is faster than that observed by Fine and 
Seligman (7). This may be due to the fact that more 
denaturation of the plasma protein may have been pro- 
duced with sodium carbonate treatment or by the use 
of HCl for the adjustment of the pH to 7.4. 

In order to compare the quantity of radioactive plasma, 
with and without hyaluronidase, absorbed into the circu- 


TABLE II 


A comparison of the quantity of circulating radioactivity at various time intervals from zero after the subcutaneous iniection of 
radioactive iodo plasma proteins {with and without hyahironidase) with the quantity of the circulating radioactivity 
at similar intervals after the intravenous injection of radioactive iodo plasma proteins in the same dog * f ^ 


Time 

in 

liours 

! 

Dog 1 

Dog 2 

Dog 3 

1 

Dog 4 

Dog S 

Subcu- 

taneous 

injection 

Subcu- 

taneous 

injection 

with 

liyaliironi- 

dase 

1 

Subcu- 

taneous 

injection 

Subcu- 

taneous 

injection 

with 

hj'aluroni- 

dase 

Subcu- 

taneous 

injection 

Subcu- 1 
tancous 
injection 
with 

hyaluroni- i 
dase 

Subcu- 

taneous 

injection 

Subcu- 

taneous 

injection 

with 

hyaluroni- 
dase ' 

Subcu- 

taneous 

injection 

Subcu- 

taneous 

injection 

with 

hyaluroni- 

dase 


^ 1 

re i 

% 

% 

% 

% 

% 

% 

% 

% 

24 

6 


22 

41 

17 

30 

12 

25 

11 


4S 

IS 

36 

40 

65 

40 

62 

30 

58 

29 

/I A 

72 

2S 

46 1 

53 

74 

57 

75 

47 

75 

! 41 


100 

36 

56 

59 

80 

65 

89 

56 

88 

50 


120 

41 

58 

1 

69 

88 

68 

95 

1 

60 

90 

53 

1 0 

80 


• The data arc given in per cent and were calculated by a planimeter determination of the area under the hinnd 
plasma concentration curve for each experiment at various time intervals from zero. The area under the curve after 
the intravenous injection is taken as 100% for each inter\’al. See Figure 1 for an e.xample of these blood cuiwes in 
experiment 4. 

t Scvc.-al weeks were required between each injection in order to allow the radioactivity in the blood plasma to 
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lation from the tissues at any given time with the amount 
remaining in the circulation after an equal interval fol- 
lowing an intravenous injection, the area under each 
curve for a given time interval was measured by means 
of a planimeter. The area under the curve of the intra- 
venous injection was taken as 100% for each time 
interval. Table II presents these data, comparing the 
results among the various dogs. 

RESULTS 

The results tabulated in Table I show that in 
three dogs out of five the effect of hyaluronidase 
is noted within one hour after the subcutaneous 
administration of radioactive iodo-plasma pro- 
teins. As the concentration levels indicate, the 
presence of hyaluronidase increases the absorp- 
tion of the radioactive plasma proteins into the 
circulation two to three times that without it. 
Within five hours, similar results are observed in 
four out of five dogs; within eight hours, similar 
results are observed in all dogs. Within 36 hours, 
the rising concentration of circulating radio- 
activity tapers off. Within 96 hours, the concen- 
tration of circulating radioactivity is the same as 
without the enzyme in two dogs, but is one and 
one-half to two times that without the enzyme in 
three dogs. 

Similar conclusions are derived from a com- 
parison of the quantity of circulating radioactivity 
at various time intervals from zero after the sub- 
cutaneous injection of radioactive iodo plasma 
proteins (with and without hyaluronidase) with 
the quantity of circulating radioactivity at similar 
intervals after the intravenous injection of the 
same amount in the same dog (Table II). In 24 
hours after subcutaneous injections, the amount of 
circulating radioactive plasma proteins were twice 
as much in three, and one and one-half times as 
much in two dogs receiving hyaluronidase, as com- 
pared to five dogs not receiving the enzyme. This 
difference persists to a somewhat lesser degree for 
the duration of the experiment. By comparing 
these quantities of circulating radioactive plasma 
with that following an intravenous administration, 
it appears that witlfin 120 hours, OOfo of an in- 
jection of radioactive plasma protein was absorbed 
in four out of five dogs receiving hyaluronidase, 
whereas less than 70 % was absorbed after the 
same period when no hyaluronidase was given. 

^ It was obserr’cd by Hechter (5) that the addi- 
tion of hyaluronidase to a saline clysis allowed four 


TABLE III 

A comparison of the effect of pressure or hyaluronidase on 
circulating radioactivity at intervals after intra- 
venous or subcutaneous injections * 

Dog 2 


Time 

in 

hours 

Subcuta- 

neous 

injectiont 

Subcutaneous 

injection 

with 

pressuref 

Subcutaneous 

injection 

%vith 

hyaJuronidaset 

Intravenous 

injectiont 

1 

i 2.0 

0.4 

1.0 

49 

3 

3.1 

0.7 

2.0 

48 

5 

4.1 

1.5 

4.1 

46 

8 

5.0 

2.2 

14 

43 

12 

7.1 

7.0 

16 

39 

24 

17 

15 

27 

28 

36 

19 

21 

27 

26 

48 

20 

26 

25 

24 

56 

18 

27 

24 

22 

72 

17 

25 

20 

19 

96 

15 

23 

17 

17 

120 

13 

16 

16 

14 

144 

12 

16 

14 

13 

168 

10 

13 

9.9 

14 

192 

9.0 

12 

8.0 

11 


* Six weeks between each experiment, 
t Percentage of total radioactivity injected. 


and one-half times as much fluid to run into the 
tissues in a given interval, while a given volume 
of fluid was taken up 12 times faster. These data 
do not necessarily reflect accurately the rate of 
absorption into the circulation. Figure 1 and 
Tables I and II show that hyaluronidase increases 
the rate of absorption into the blood of radioactive 
iodo plasma proteins given subcutaneously, one 
and one-half to three times. The increased rate 
for saline presumably would be greater. The in- 
creased rate of absorption is an indirect effect of 
the spreading action of hyaluronidase. 

Without hyaluronidase the tension in the dog’s 
thigh at the site of the injected plasma remains 
high for at least one hour and then diminishes 
slowly. The fluid mass disappears within four 
to seven hours. When hyaluronidase is added to 
the plasma proteins, the fluid mass from the be- 
ginning is not tense, but soft, and completely dis- 
appears within one hour. As expected, the dis- 
comfort due to tension is therefore avoided. 

It may be conjectured that pressure may facili- 
tate the spreading out and disappearance of a fluid 
mass just as hyaluronidase does. The data of such 
an experiment (Table III) were obtained when 
a dog turned itself so as to lie on the injected site. 
It will be observ’ed tliat the peak of circulating 
radioactivity was not reached until 48 hours after 
that obserA’ed in a hyaluronidase e.xpcriment in the 
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TABLE IV 


Circulating radioactivity after an intraperitoneal injection of 
radioactive iodo plasma protein 



Dog IP. 1* 

j 

Dog IP. 2* 

Time 

in 

hours 

Intra- 

peritoneal 

injectiont 

Intra- 

peritoneal 

injection 

with 

hyaluronidaset 

Intra- 

peritoneal 

injectiont 

Intra- 

peritoneal 

injection 

with 

hyaluronidaset 

1 

1.0 

4.0 

1.4 

2.0 

3 

10 

10 

4.0 

10 

S 

22 

16 

10 

19 

8 

38 

23 

22 

25 

12 

36 

36 

26 

28 

24 

32 

33 

26 

26 

36 

27 

30 

23 

22 

48 

23 

26 

21 

20 

56 

22 

25 

20 

18 

72 

20 

22 

16 

15 

96 

17 

19 

13 

15 

120 

15 

17 

13 

12 

144 

14 

15 

10 

9.5 

168 

12 

13 

1 

8.5 

9.0 


* Six weeks between each injection, 
t Percentage of total radioactivity injected. 


same dog. The peak level in both experiments 
was about equal but considerably greater than in 
the control. Pressure, therefore, by virtue of dis- 
semination, increases the rate of absorption. The 
rate of increase presumably is related to the de- 
gree of pressure applied, but pressure seems to be 
less efficient than hyaluronidase as a spreading 
agent. 

In three preliminary experiments, which are not 
included in this series, abscesses developed at the 
site of injection, probably because unsterile radio- 
active plasma proteins were used at that time. 
The repeated injection of hyaluronidase into these 
areas did not seem to increase the extent of 
infection. 

Inasmuch as hyaluronidase is considered to be 
a protein-like substance, it might be expected to be 
antigenic. The repeated injection of 240 ng. in all 
dogs used in these experiments resulted in no evi- 
dence of anaphylaxis. 


In two experiments, hyaluronidase did not in- 
crease the rate of absorption of radioactive iodo 
plasma proteins administered intraperitoneally 
(Table IV). This is consistent with the assump- 
tion that hyaluronidase acts by depolymerizing the 
intercellular cement substance. 

CONCLUSIONS 

1. Hyaluronidase increases the rate of absorp- 
tion of plasma proteins injected subcutaneously, 
one and one-half to three times. 

2. It is not antigenic in the doses used herein. 

3. It acts more efficiently than pressure. 

4. It does not increase the rate of absorption of 
plasma proteins administered intraperitoneally. 

Acknowledgment for technical assistance is due Mr. 
Thomas W. Barnett. 
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INTRODUCTION 

With the increasing age and life expectancy of 
the population (1) and the higher incidence of 
thromboembolic disease in older age groups (2-4) 
the problems of phlebothrombosis are becoming 
increasingly urgent. Particularly needed is more 
information concerning the etiology and pathologic 
physiology of venous thrombosis, so that ade- 
quate measures may be taken to prevent its con- 
sequences. The present communication presents 
the results of experiments upon one of the factors 
recognized as important in the formation of intra- 
venous clots, namely, the velocity of venous flow. 

In 1856, Virchow postulated that alterations 
of the blood current, of the blood chemistry and of 
the blood vessel wall, are factors important in the 
etiology of venous thrombosis (5). Since then 
numerous papers have been devoted to alterations 
of the vessel wall and of the blood chemistry and 
morphology but only scant and sporadic attention 
has been paid to changes in the venous current. 
It has been shown by careful pathological and 
roentgenographic studies that the deep venous 
system of the calf is the 'most important site of de- 
velopment of phlebothrombosis leading to pul- 
monary embolism (6-10). It has also been sus- 
pected that slowing of the venous current con- 
tributes to this situation (11-14). However, as 
yet, no one has related a slowing of flow to ana- 
tomic abnormalities in the deep veins of the leg 
nor has the effect of compression on the velocity 
of flow been previously reported. In this study 
particular attention was paid to the general form 
of the deep veins of the calf as well as to the velocity 
of flow and the effects of local compression. 

MATERIAL AND METHODS 

The subjects were a group of 12 male and eight female 
patients from the ward and private services of the bfassa- 

^ This investigation was supported in part by the 
quibb Institute for Medical Research, New Brunswick. 
New Jersey. 


chusetts Memorial Hospitals. Their ages ranged from 
17 to 70 years. All subjects were studied after resting for 
45 minutes in a quiet room the temperature of which was 
maintained relatively constant (±2° C.). 

With the patient supine upon the X-ray table the 
entire lower extremity from the instep to the upper 
third of the thigh was encased in a series of loosely 
fitting blood pressure cuffs or in an inflatable legging 
(of a G-suit). The heel was elevated so that the calf 
was free of the table and the leg was immobilized by 
properly applied sandbags at the foot. 

A 20 gauge, 1%-inch needle was inserted through pro- 
cainized skin into a distal vein on the dorsum of the foot 
in such a fashion that the tip of the needle was well within 
the pressurized area when the G-suit or cuffs were in- 
flated. To the needle was attached a three-way stopcock 
and tubing leading to an infusion of normal saline solution 
which was allowed to flow at a constant slow rate for the 
purpose of keeping the needle patent between injections. 
All injections of test substances were made directly into 
the vein through the side arm of the three-way stopcock. 
After control observations were completed the limb was 
pressurized by inflating the garment or blood pressure 
cuffs at pressures of 20 or 35 mm. Hg, whereupon the 
test procedure was repeated. 

In two patients an additional 18 gauge, two-inch needle 
was placed in the femoral vein just proximal to the upper 
margin of the inflatable garment. To this a five-inch 
segment of an 18 F nylon catheter was attached so that 
blood samples could be collected in oxalated tubes every 
four seconds. Three cc. of 0.5% Evans Blue Dye (T- 
1824) were injected into the foot vein. Blood samples 
were then collected from the femoral vein for periods of 
50 to 100 seconds. This procedure was carried out before 
and during the application of pressure as described above. 
The blood samples were centrifuged at 3,000 R.P.M. for 
30 minutes and the supernatant plasma after appropriate 
dilution was analyzed for dye concentration using tlie 
Coleman photoelectric colorimeter. Thus, the appearance, 
maximum concentration, and disappearance of the dye in 
the femoral vein were accurately timed. 

The test substances used in carr>'ing out these experi- 
ments were solutions of 35% Diodrast, 20% Decholin 
sodium,- and 0.5% Evans Blue Dye (T-1824).® Dio- 
drast was not given to patients with a history of allergy 
or previous diodrast reactions, and dediolin was not ad- 
ministered in the presence or history of jaundice or liver 

-Generously supplied by Mr. Charles Miles, Amc.', 
Co., Elkhart, Indiana. 

G. Warner Co,, New York, New York. 
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disease. All injections were made by the same person 
who carefully timed the rate of injection. When dis- 
crepancies in the rate of injection occurred, the test was 
discarded or repeated. Stopwatches were calibrated to 
one-tenth of a second. 

RESULTS 

A. Appearance time 

In the early phases of this investigation two in- 
dependent observers noted through a fluoroscopic 
screen the time required for a 4 cc. dose of diodrast 
to pass from the needle to a lead marker applied 
to the upper third of the calf. The time from the 
start of injection until the dye reached the marker 
was noted and termed the appearance time. When 
the control observations were completed the limb 
was pressurized at 20 m. Hg and then the proce^ 
dure repeated. 

Fifteen control observations were made in eight 
cases before the application of pressure and were 
compared with 11 observations made during pres- 
surization of the limb at 20 mm. Hg, The con- 
trol mean appearance time was 21.78 seconds as 
contrasted with a mean appearance time of 11.38 
seconds during pressurization (Table I). 

B. Linear velocity of flow 

Because the method reported above was open 
to certain criticisms and also because in some in- 
stances the deep veins of the calf were poorly visu- 
alized during fluoroscopy, it seemed desirable to 
confirm these results, if possible by more accurate 
methods. To this end lead markers were fixed at 
specific intervals on calf and thigh and the distance 


between the markers carefully measured, so that 
the linear velocity in centimeters per second could 
be determined. 

After observing fluoroscopically the appearance 
time of the diodrast in the calf and allowing 15 min- 
utes for all the injected dye to be cleared from the 
veins, the dye was again administered and serial 
roentgenograms of the calf and thigh taken at ex- 
actly timed intervals during the period that dio- 
drast would be expected to be in the field under 
study. Another pause was allowed for clearing, 
and the limb was then pressurized at 20 mm. Hg. 
Five minutes later the test was repeated and roent- 
genograms taken at exactly tlie same intervals 
as before. In three patients simultaneous control 
observations were made on the opposite extremity 
subjected to the same procedures as the experi- 
mental limb except that it was never pressurized. 

As might be expected, technical difficulties in- 
cluding the exacting team work required, proper 
positioning of the limb, the absolute necessity for 
immobility of the subjects, and limitations imposed 
by the amount of X-ray to which any one patient 
might be safely exposed, prevented this technique 
from yielding results that could be accurately in- 
terpreted in every experiment. As a matter of 
fact, in several experiments a marked increase in 
velocity during pressurization resulted in the dye 
having already left the field by the time the thigh 
film was taken during pressurization. However, 
in no experiment could the results be interpreted 
as indicating that pressurization had decreased the 
velocity of venous flow. On the contrary, in prac- 
tically every experiment, particularly when the 


TABLE I 


Effect of pressurization on the appearance time of 35% diodrast hi the calf as visualized by fluoroscopy 


P.iticnt 

Ape 

Before pressurization 

During pressurization j 

' . 1 

Per cent decrease 
in mean 
appearance 
time during 
pressurization 

Number of 
tests 

Range 

Mean 

j Number of 
tests 

1 

j Range 

Mean 




sec. 

sec. 


sec. 

sec. 


J. c. 

21 

2 

56-59 

57.5 

2 

27-30 

23.5 

59.1 

A. I. 

52 

2 

28-30 

29 

1 


21.8 

24.8 

'r. A. 

40 

2 

30-32 

31 

2 

16-18 

17 

45.1 

I. V. 

4S 

1 


22 

1 


10 

54.5 

n. u. 

73 

3 

10-16.2 

12.06 

1 


6.2 

48.4 

G. U. 

17 

2 

12-12.2 

12.1 

1 


6.0 

49.6 

M. A. 

45 

I 


6.5 

1 


2.5 

61.5 

C. 0. 

32 

2 

4.2-4.0 

4.1 

2 

4.6-3.5 

4.05 

1 

Mc.iti 




21.78 



11.38 

43.0 
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12 3 4 

Fig. I 


Unretoudied photographs of X-ray films taken to show the progress of an injected dose of Diodrast 
(4 cc.) before (1 and 2) and during (3 and 4) the application of 20 mm. Hg pressure to the limb. 
Films 1 and 3 were taken 10 seconds, films 2 and 4, 30 seconds after injection. Dye may be seen 
just entering the distal femoral vein in film 2, while it has reached at least to the external iliac vein in 
film 4. 


major portion of the diodrast entered the deep 
venous system of the leg, the velocity of flow was 
unquestionably increased, in some instances to a 
striking degree. 

Figure 1 illustrates unretouched photographs of 
serial roentgenograms of the dye in the deep veins 
of the calf and thigh of a 48-year-old female before 
and during the application of 20 mm. Hg pressure. 
The calf films were taken 10 seconds and the 
thigh film's '30 seconds after the injection. It is 
/)bvious that the injected diodrast moved at a 
uiarkedljl increased velocity wlien the limb was 
pressurized. 

The results of such studies in five cases suitable 
for analysis are recorded in Table II. In each in- 
stance the application of pressure resulted in a 
definite increase in the linear velocity as deter- 
mined by this technique. The mean increase in 
four cases was 45.4 per cent and the range 22 to 
^5 per cent while in the fifth case linear velocity 
''■1 as increased by 131 and 170 per cent in two tests. 

Simultaneous oh.servations in the control limb 
show ed insignificant changes as compared with the 


TABLE II 


Effect of pressurization on the linear velocity of venous flow 
as measured from serial roentgenograms 




Linear velocity, cmJ.seCs 

Per cent 

Patient ^ 

•Age 



increase 
in linear 

Before 

During 

velocity 

during 





pressurization 

pressurization 

pressurization 

B. U. 

73 

1,09 

1.33 

1 22 

S. T. 

42 

1.4 

1.8 

3.8 

4.16 

170 

131 

L. Y. 

48 

1.2 1 

1.8 

so 

J.P. 

44 

[ 4,5 i 

5.7 

49 

M. E. 

55 

! 1.6 

! 2.0 

2.1 

3.5 

31 

75 


pressurized limb, while repetition of the test in 
the experimental limb in two of five cases after 
the release of pressure revealed the velocity of flow 
to have returned to pre-pressnrization values. 

C. Circulation liutes 
1. Fooi-to-longuc 

Additional corroborative evidence of the ac- 
celeration of venous flow during the application of 
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TABLE III 

Effect of pressurization on the foot-to-tongue circulation 
time as measured by decholin sodium 


Patient 

.Age 

Circulation time Isec.) 

Per cent 
decrease 
in circula- 
tion time 
during 

pressiirization 

1 

I Control 

1 

During 

pressurization 

T. .A. 

24 

37 

18.2 

51 

J. M. 

64 

38.4 

32 

17 

R. H. 

72 

27.5 

17.5 

36 

S. M. 

69 

48.5 

35.7 

26 

H. E. 

67 

87 

62 

29 

H. U. 

33 

49 

1 

41 

16 


pressure was obtained by foot-to-tongue (Decho- 
lin) circulation times in six cases. The circulation 
times in all instances during pressurization were 
decreased. The percentage decrease ranged from 
16 to 51 with a mean of 29 per cent (Table III). 

2. The joot-to-jemoral vein circulation lime 
as measured by Evans Blue Dye (T-1S24). 

The limb venous circulation time was estimated 
in two cases before and during the application of 
pressure, by measuring the concentration of in- 
jected dye in consecutive four-second samples 
from tlie femoral vein. In botli cases the appear- 
ance time of the dye was markedly decreased dur- 
ing the application of pressure. 

Figure 2 illustrates the results of this procedure 
in a 44-year-old male. It is noteworthy that the 
dye before pressurization was not present in the 
femoral vein until 20 seconds after injection at the 



Fig. 2 

inu<;tnucs the ctTect of iire.'ssiirization of the extremity 
oti the .ipiie.arance time and concentration curve of Evans 
F.Ine Dye (T-1824) in pla.^ina samples obtained by con- 
tinnou-; sampling from tlie femoral vein. 


foot whereas during pressurization it was present 
in 12 seconds. In addition, the shape of the con- 
centration curves indicated that the veins were 
cleared of the injected dye in less time during the 
application of pressure. These findings indicate 
the velocity of venous flow was increased as meas- 
ured by this technique. 

Additional observations 

In the course of this investigation the following 
collateral observations were made upon the size 
and shape of the leg veins and are reported be- 
cause of their jirobable influence upon velocity of 
A'enous flow. 

{a) In younger individuals the deep veins of 
the calf were noted usually to be narrow and 
straight as delineated by the contrast medium, 
which moved along rapidly in them. In older 
individuals, particularly those over 40, the deep 
veins not infrequently exhibited saccular dilata- 
tions in which the diodrast tended to puddle, often 
remaining as long as 15 minutes. 

(5) Veins well filled with diodrast as viewed 
in serial roentgenograms frequently exhibited a 
measurable decrease in diameter during the period 
of local compression along with the concomitant 
increase in linear velocity of flow. 

(c) The application of pressure usually did not 
altei the distribution of the diodrast between the 
superficial and deep venous systems of the ex- 
tremit}, but rather accelerated the flow in both. 

{d) Increasing the pressure from 20 to 35 mm. 
Hg did not cause a perceptible further increase in 
the velocity of venous flow. 

(c) In six patients the velocit}’ of venous flow 
as judged from the foot-to-tongue and foot-to- 
pharynx circulation times was similarly acceler- 
ated whether the source of local compression was 
an inflatable legging, an elastic stocking or a care- 
fully applied elastic bandage. 

(/) diodrast was well visualized in the 

veins of the leg during pressurization it was usually 
present for a shorter total time than during the 
control period. This finding and the concentra- 
tion cur\cs of Evans Blue in femoral vein blood 
both suggest that the “venous emptying time'’ 
(13) was decreased by the application of pressure. 




ACCELERATION OF FLOW IN VEINS BY LOCAL COMPRESSION 


557 


DISCUSSION 

It is recognized that large changes in the skin 
temperature of the digits may alter the circulation 
time, as demonstrated by Smith, Allen and Craig 
(11) and Stead and Kunkcl (15). It is also ob- 
vious that a certain velocity is imparted to the test 
substances in the process of injection. In the pres- 
ent study diligent efforts were therefore made 
to control both factors. Furthermore, collateral 
studies of foot-to-tongue circulation times and 
simultaneous skin temperatures of the toes failed 
to reveal more than slight changes in the tem- 
peratures when the velocity of venous flow was 
increased during mild pressurization (16). The 
magnitude and uniformity of the velocity changes 
observed strongly suggest that the linear velocity 
of venous flow in the leg veins is increased by the 
local application of pressure. 

Ochsner has recommended compression of the 
limbs by elastic bandages as a prophylactic meas- 
ure against phlebothrombosis and pulmonary em- 
bolism in surgical patients, on the supposition that 
compression of the superficial veins would drive 
more blood through the deep vessels and thus 
accelerate flow in these channels (17). In the 
present study the application of pressures of 20 
to 35 mm. Hg seldom altered the distribution of 
the injected diodrast in the deep and superficial 
veins but did accelerate the flow in both. 

It has been reported previously from this labora- 
tory that the local application of pressures of as 
little as 30 mm. Hg decreases the volume of blood 
flow into the limbs (18). The present experi- 
ments demonstrate that in spite of the decrease in 
volume of arterial blood flow into the limbs there 
IS simultaneously during mild pressurization an 
increase in linear velocity of venous flow from the 
hmhs. The observation that the veins appear 
smaller during compression suggests that the ob- 
served accelerator}' effect is due primarily to a 
disproportionately greater decrease in cross-sec- 
tional area of the venous bed than the decrease 
"1 the volume of blood flow into the limbs during 
such compression. It is significant that marked 
increases in the linear velocity of venous flow 
ooiikl be produced by the local application of pres- 
sures of as little as 20 mm. Hg pressure. Since 
t iis pressure (in contrast to higher pressures) 
oauses only slight decrease in inflow (18), it is 


probably near the optimum pressure for the maxi- 
mum acceleratory effect. The possible thera- 
peutic applications of this principle are now under 
stud)' in this clinic. 

SUMMARY AND CONCLUSIONS 

1, The application of local pressure of 20 to 35 
mm. Hg to the lower extremity of human subjects 
increased the velocity of venous flow — as measured 
by fluoroscopy, serial roentgenograms, foot-to- 
tongue circulation times, and limb venous circula- 
tion times. 

2, Pressures of 20 mm. Hg applied to the lower 
extremities of man significantly increased the 
linear velocity of flow in the deep veins, but did 
not alter significantly the distribution of injected 
diodrast between the superficial and deep venous 
channels. 

3, It is suggested that the mechanism of the in- 
crease in linear velocity of venous flow during 
local compression is the concomitant decrease in 
the total cross-sectional area of the venous beds. 

The authors are genuinely indebted to Doctors George 
Levene and Harry Lerner and to Miss Anne Lally and 
the X-ray technicians of the Department of Radiology of 
the Massachusetts Memorial Hospitals for cooperation 
and aid in carrying out the radiographic techniques em- 
ployed in this study. 
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The purpose of this investigation was to deter- 
mine directly and record continuously the effects of 
body position and of walking on the venous pressure 
at the ankle in patients having incompetent veins 
of the lower extremity. Smirk (1), in 1936, re- 
ported the first direct measurement of venous pres- 
sure at the ankle during walking. His measure- 
ments were made on one normal subject. Beecher, 
Field and Krogh (2), in the same year, reported 
on the indirect measurement of the venous pres- 
sure in the human leg during walking. Others 
(3-7) have reported the effects of exercise and 
position on the venous pressure in the leg meas- 
ured both by direct and by indirect methods. Re- 
cently Pollack and Wood (8, 9), and Henry (10) 
have given preliminary reports of direct studies 
of venous pressure in the human leg during walk- 
ing. 

In the present study the venous pressure was recorded 
photographically by means of an electrical strain-gauge 
manometer (11).® The manometer was attached to the 
subject's lower extremity by means of a specially con- 
structed aluminum support that was taped to the lateral 
surface of the leg. Care was taken that no tape was 
placed over the vein to be used for measurement of the 
pressures. The manometer was coupled to this alumi- 
num support witli two double-ended univ'ersal clamps 
(Figure 1). 

Polythene tubing 15 cm. long with an internal diameter 
m ai>pro.vimateiy 0.5 mm. was used as a venous catheter.-* 
■ 'enipuncturc was performed with a number 17 needle 
m the great saphenous vein as it passes anterior to the 
medial maiieolus. The catheter was passed through the 

The authors wish to acknowledge the professional 
assistance of Dr. John E. Osborn and the technical as- 
sistance of Mr. R. L. Engstrom and Jfiss M. E. Clark in 
'he conduct of these studies, 

■Fellows in Medicine, Mayo Foundation. 

• - fanufactured by Statham Laboratories, Los .Angeles, 
Calif. 

^fanufactured by Surprenant Electrical Insulation Co., 
I'Oston 7, -Afass,ic!ntsetts. 


needle into the vein for a distance of about 10 cm.; then 
the needle was withdrawn, leaving the catheter in place. 
The manometer system was flushed frequently with 
heparinized saline solution. 

Respiration was recorded by means of a thermocouple 
mounted in a plastic nose piece. The heart rate and the 
electrocardiogram were measured through a Sturm and 
Wood cardiotachometer (12). 

The venous pressure was recorded continuously in the 
supine, sitting and resting standing positions. After these 
maneuvers the patient walked on a horizontal power- 
driven treadmill at 1.7 m.p.h. for periods ranging from 
15 to 60 seconds. 

The vertical distance between the tip of the catheter 
and the third thoracic interspace was measured in the 
sitting and standing positions. The hydrostatic pressure 
exerted by a column of blood extending over this distance 
was calculated, 1.06 and 13.55 being used as the specific 
gravity of blood and mercury respectively. The zero base 
lines in the sitting and standing positions were deter- 
mined by recording the pressure when the surface of a 
column of fluid in a tube (1 cm. internal diameter) 
connected to the catheter was held on the surface of the 
leg level with the position which had been occupied by 
the catheter tip in the lying, sitting and standing posi- 
tions. This procedure was necessary in order to avoid 
errors due to capillarity of the catheter. 

RESULTS 

In the supine position the average venous pres- 
sure in seven patients with primary varicose veins ^ 
was 7.2 mm. of mercury with a range from 5.7 to 
8.5 mm. In six patients with incompetent super- 
ficial (greater saphenous) \’eins associated with a 
history of previous iliofemoral thrombophlebitis' 
the average venous pressure was 1 0.7 mm. with a 
range from 8.3 to 14 mm. of mercury- in the supine 
position. In the sitting position the average ve- 
nous pressure at the ankle in ten patients with 

® This term lias been used to indic.atc uncomplicated 
varicosities of the greater saphenous system. 

® These patients clinically appeared to h.ave chronic 
venous insufiiciency of the deep veins in addition to vari- 
cosities of the superficial system. 
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Fig. 1. Strain-Gauge Manometer Attached to the Ankle 


incompetent veins of the lower extremity was 52 
mm. of mercury with a range from 31 to 61 mm. 
The average venous pressure at the ankle in the 
resting standing position was 81.9 mm. of mer- 
cury with a range from 63 to 97 mm. (Table I). 

In the sitting position, the average difference be- 
tween the measured venous pressure and the cal- 
culated hydrostatic jiressure of a column of blood 
extending from the third thoracic interspace to 
the ankle was 0.3 mm. of mercury. In the stand- 
ing ])osition, this ditference was 0.6 mm. (Table I). 
It is evident that while the jiatient is at rest in the 
sitting or standing position the venous pressure 
at the ankle is .suflicient to .support a column of 
blood aiijiroximately up to the third thoracic inter- 
.space. the level of the middle of the right atrium 
(131. 

In seven patients who had primary varicose 
veins, walking at 1.7 m.p.h. uniformly produced a 
decrease in the mean venous pressure at the ankle 
averaging 37.4 mm. of mercury with a range from 
J'K? to 47.4 nun., wliich was maintained for the 


duration of the 30-second to 60-second period of 
walking (Table II). In six patients who had in- 
competent greater saphenous veins and a history 
of jirevious iliofemoral thrombophlebitis, walking 
produced an average fall of only ll.l mm. of mer- 
cury in the mean venous pressure at the ankle 
(Table III). The decrease in venous pressure 
at the ankle in normal subjects produced b}' walk- 
ing 1.7 m.p.h. averaged 64 and ranged from 54 to 
71 mm. of mercury. 

In the patients who had uncomplicated greater 
saphenous vein incompetenc}^ the average time re- 
quired for the venous pressure to return to the 
resting standing level after the walk was completed 
was 2.8 (1.2 to 5.5) seconds as contrasted to the 
31 (8 to 57) seconds required in normal subjects 
(9) (Figure 2a and 5). 

In the normal subjects after the initial one or 
two steps of walking the maximal venous jiressures 
generated during sulisequent steps of the walk were 
consideralily less than the control resting standing 
pressure (Figure 2(i) (9). In patients who had 
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TABLE 1 

Co)H^)nnsou 0 / I'cnoiis and hydrostalic pressures nl the ankle 
in patients who had incompetent veins of the lower 
extremity when in the seated and 
standing positions 



Measured venous 

Calculated hydro- 

Patient 

pressure. 

static pressure. 


f»m. of mercury 

JUJU, of mercury 


Sealed 

Seated 

1 

60 

58 

2 

61 

61 

3 

•31 

34 

5 . 

50 

50 

6 

50 

51 

7 

54 

54 

8 

52 

53 

9 

55 

55 

10 

1 55 

55 

Average 

52 

52.3 

Normal subjects* 

1 

58.8 

(55-64) 

60.2 

(55-66) 


Standing 

Standing 

1 

86 i 

87 

2 

89 1 

89 

3 

63 

63 

4 

97 

97 

5 

71 

72 

<5 

82 

84 

r 

84 

84 

8 

82 

82 

9 

83 

85 

10 

84 

84 

11 

80 

80 

Average 

81.9 

82.5 

Normal subjects* 

90.5 

(88-97) 

92.5 

(88-100) 


Average and extreme values obtained in live normal 
subjects (9). 


uncomplicated valvular defects of the greater 
saphenous system, the maximal pressure exerted 
during the stable period approached and frequently 
equaled the resting standing pressure (Figure 2b). 
lu the patients who had incompetency of the 
greater saphenous vein and a previous iliofemoral 
tliromhophlehitis the maximal pressure during each 
stop usually exceeded the Iwdrostatic pressure 
fiitoughont the period of walking. In these pa- 
tients the maximal venous pressure during the 
steps within the stable pressure period of the walk 
^'eraged 29 mm. of mercury greater than the rest- 
'Ug standing value (Figure 2c). .After walking, 
t te r enous pressure at the ankle in normal sub- 
jects and patients who had uncomplicated greater 
-uphenous incompetency returned to the resting 


TABLE n 


Venous pressure at the ankle in patients who had simple 
greater saphenous vein incompetency during quiet 
standing and while walking at 1.7 m.p.h. 


Patient 

j Mean venous pressure, mm. of mercury 

1 

Quiet 1 

standing i 
(A) 1 

Walking 

1.7 m.p.h. 

(B) 

Decrease in 
pressure 
(A-B) 

1 

71 

34 

37 

2 ; 

81.9 , 

34.5 

47.4 

3 ! 

84.3 

45 

39.3 

4 

81 1 

41 1 

40 

5 

85 

49.6 

35.4 

6 1 

85.5 

56 

29.5 

7 

79 

46 

33 

Average 

81.1 

43.7 

37.4 

Norma! subjects* 

86.6 

(79-92) 

22.3 

(11-31) 

64.3 

(54-71) 


* Average and extreme values obtained in 11 normal sub 
jects (9). 


Standing control level, while in those patients 
who had greater saphenous incompetency as well 
as a previous iliofemoral thrombophlebitis the 
pressure increased to an average of 3 mm. of 
mercury higher than the resting standing control 
level within one second after the completion of 
the walk and then gradually decreased within a 
period of 60 seconds to the original control pres- 
sure. 

COMMENT 

In the resting sitting and standing positions in 
normal subjects as well as in patients who have 
venous insufficiency the venous pressure at the 
ankle is equal to the hydrostatic pressure of a col- 

T.A.BLE in 

UenoHS pressure at the ankle in patients who had greater 
saphenous vein incompetency and a history of ilio- 
femoral thrombophlebitis, during quiet standing 
and while walking 1.7 m.p.h. 


Mean venous pressure, r«w, of mercury 


Fatictit 

Quiet 
standing, 
start (.\) 

, Quiet 

standing, 
end 

Walking j 
1.7 m.p.ii. 1 
(B) 

Decrease in 
pressure 
(A-K) 

8 

86 

87 

69 

17 

9 

86 

89 1 

73.5 1 

12.5 

10 

62 

64 

■i7 

IS 

11 ' 

96 ‘ 

104 

85 

11 

12 

102 

102 

96 

6 

13 

94 

1 

99 , 

89 i 

5 

-Average ' 

87.7 ! 

90.S 

76.6 

I 
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Fig. 2. Effect of Walking 1.7 jM.p.h. on the Venous Pressure at the Ankle 

0. Normal subject, b. Patient who had primary varicose veins, c. Patient who had incompetent 
greater saplicnous vein and a history of iliofemoral thrombophlebitis. 


umii of blood up to the level of the right atrium 
(1, 5-10). The decrease of venous pressure at 
the ankle in normal subjects jiroduced by walking 
on a horizontal treadmill is due to the pumping 
action of the muscles and the competency of the 
venous valves in preventing reflu.x of blood into 
the emptied segments of the veins during the pe- 
riod of muscular relaxation (9). In jiatients who 
have uncomplicated primary varicose veins, the 
valves are unable to ]ireveut the return flow of 
blood during muscular relaxation and the venous 
pressure returns relatively (juickly to the hydro- 
static level, thus accounting for the higher mean 
pressure during the walk and rapid return to the 
hvdrostatic control level after the walk has been 
completed. 

Interpretation of the genesis of the venous pres- 
siiri' tracings obtained from patients who have in- 
competent great .'^aphenous veins and a history 
of previous iliofemoral thrombophlebitis is un- 


certain. At first it would appear that there was 
interference with the outflow of venous blood 
from the leg in this condition. The higher resting 
standing pressure at the end of the walk than at 
the beginning, the higher mean jiressure during 
the stable period, and the marked rise above hy- 
drostatic levels during each step of the stable walk- 
ing period as contrasted to those obtained from pa- 
tients having jjrimary varicose veins point to 
this explanation. However, the fact that no signi- 
ficant diflference was found between the extremes 
of pressures of the individual stejis during walking 
in patients who had primary varicose veins and 
in patients who had incompetenc}' of the super- 
ficial system and a history of iliofemoral throm- 
bojihlebitis does not supjiort this interpretation. 
Even with a critically damped manometer system 
the effects of acceleration generated by tbe motions 
of walking on tbe manometer and hydrostatic sys- 
tems are difficult to control. Therefore, the sig- 
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nificance of tlie contours and extremes of the pres- 
sure variations recorded during walking is diffi- 
cult to assess. The use of mean pressures, as de- 
termined by planimetry, is much less subject to 
criticisms of this type. 

The fact that in four . patients suffering from 
cardiac disease, who had elevated resting stand- 
ing venous pressure at the ankle due to cardiac 
causes, the venous pressure at the ankle decreased 
during walking to the same range as in normal 
subjects indicates that the venous valves and the 
action of voluntary muscles have more to do with 
the regulation of venous pressure in the leg than 
does central venous pressure (14). 

It is not inconceivable that determinations of 
venous pressure at the ankle during exercise may 
be used as a diagnostic aid, and as a means of as- 
saying the efficacy of surgical treatment of abnor- 
malities in the venous systems of the leg. 

SUMMARY AND CONCLUSIONS 

Venous pressure in the greater saphenous vein 
at the ankle was studied in 13 patients with vari- 
cose veins while resting in the recumbent, seated 
and standing positions and while walking on a 
treadmill. 

Confirmatory data were obtained indicating that 
the venous pressure at the ankle in the resting, 
sitting or standing positions in normal subjects 
and patients with incompetency of the saphenous 
veins is sufficient to support a column of blood 
to approximately the level of the third thoracic 
interspace. 

Walking on a level treadmill at 1.7 miles per 
hour produced an average decrease in mean venous 
pressure at the ankle of 37 (30 to 47) mm. of 
mercury in seven patients with primary varicose 
veins and 11 (5 to 13) mm. of mercury in six pa- 
tients with varicose veins associated with a history 
of a previous iliofemoral thrombophlebitis. In 
normal subjects this value was 64 (54 to 71) mm. 
of mercury. 

In patients who had uncomplicated incompe- 
tency of the greater saphenous vein the average 
tune required for the venous pressure to return 
to the resting standing level after cessation of 
"alkiiig was 2.8 (1.2 to 5.5) seconds. In those 
patients with a history of previous iliofemoral 
tbrombaiihlcbitis the jiressure rose to levels 
slightly in e.xcess of the control resting value 


within one second after completion of the walk as 
contrasted to the 31 (eight to 57) seconds required 
for the pressure to return to the control values 
after walking in normal subjects. 

These data are in harmony with the concept that 
the function of the venous valves in conjunction 
with the action of voluntary muscles is of pri- 
mary importance in the regulation of venous pres- 
sure at the ankle. 

BIBLIOGRAPHY 

1. Smirk, F. H., Observations on causes of oedema in 

congestive heart failure. Clin. Sc., 1936, 2, 317. 

2. Beeclier, H. K., Field, M. E., and Krogh, A., Effect 

of walking on venous pressure at ankle. Skandi- 
nav. Arch. f. Physiol., 1936, 73, 133. 

3. Hooker, D. R., The effect of exercise upon the 

venous blood pressure. Am. J. Physiol., 1911, 28, 
235. 

4. Rutledge, D. I., Studies on venous pressure. Thesis, 

Graduate School, University of Minnesota, 1941, 

82 pp. 

5. Seiro, Vaino, Uber Blutdruck und Blutkreislauf in 

den Krampfadern der unteren Extremitaten. Acta 
chir. Scandinav., 1937, 80, 41. 

6. Veal, J. R., and Hussey, H. H., Methods for measure- 

ment of pressures in antecubital and popliteal veins 
during exercise. M. Ann. District of Columbia, 
1940, 9, 71. 

7. Hickam, J. B., and McCulloch, R. P., Normal and 

impaired function of the superficial leg veins. 
Program, Twenty-First Sessions, American Heart 
Association, (June 18 and 19) 1948, pp. 9 and 10. 

8. Pollack, A. A., and Wood, E. H., Venous pressure 

in the human leg during exercise and in various 
positions. Federation Proc., 1948, 7 (pt. 1, no. 1), 
94. 

9. Pollack, A. A., and Wood, E. H., A study of venous 

pressure in the saphenous vein at the ankle in man 
during exercise and changes in posture. J. Applied 
Physiol. (In press.) 

10. Henry, J. P., Use of the anti-G suit to aid in the 

relief of fighter pilot discomfort. Memorandum 
Report, U. S. Air Force No. TSEAA-689-2A, 
Wright-Patterson Air Force Base, Dayton, Ohio, 
September 22, 1947. 

11. Lambert, E. H., and Wood, E. H., The use of a 

resistance wire, strain-gage manometer to measure 
intraarterial pressure. Proc. Soc. Exper. Biol. & 
Med., 1947, 64, 186. 

12. Sturm, R. E., and Wood, E. H., An instantaneous 

recording cardiotachometer. Rev. Scient. Instru- 
ments, 1947, n.s. 18, 771. 

13. Brash, J. C., and Jamieson. E. I!., Cunningham’s 

Text-Book of .Anatomy. Oxford University Press. 
New York, 1937, Ed. 7, p. 1145. 

14. Pollack, .A. -A.. Wood, E. H.. and Burchcll, H.. Un- 

published data. 
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Skin whealing associated with localized frostbite 
is a well recognized phenomenon and has been 
described in detail by Lewis apd bis co-workers 
(1, 2). Although no positive evidence of hista- 
mine liberation in frostbite has been advanced, it 
has been postulated that histamine or a histamine- 
like substance is involved in the formation of these 
lesions (2). Recently. Frommel and Picquet have 
reported beneficial results from the antihistaminic 
drug, dimethylaminoeth)d-ethylbenzylaniline hy- 
drochloride (Antergan), in the treatment of frost- 
bite in guinea pigs (3). 

The inhibition of histamine wheals by the oral or 
intradermal administration of beta-dimethylamino- 
ethyl benzhydryl ether (Benadryl, Parke-Davis) 
and N’pyridil-N’benzyl-N’dimethylethylenediamine 
hydrochloride (Pyrihenzamine, Ciba) has been 
demonstrated conclusively (4-6). A similar in- 
hibition can be achieved locally by the ionto- 
phoresis of Pyrihenzamine (7). 

In an effort to gain additional information re- 
garding the role of histamine in the pathogenesis 
of local frostbite, we have studied experimentally 
produced frostbite lesions before and after the 
iontophorctic administration of Benadryl and 
Pvrihenzamine. The results obtained are pre- 
sented in this paper. 

METHODS 

Twelve liealtby yoiiiia; m.Tles were used as subjects. 
Tlie ventral surfaces of tlie forearms and/or thiglis were 
shaved. By means of an ordinary iontophoresis appara- 
tus. various test solutions were introduced into rectangular 
areas of skin measuring 5x5 cm. The positive electrode 

1 This work has been performed in collaboration with 
the Medical Department, United States .Army, which has 
assigned Medical Corps OtTicers to the Quartermaster 
Climatic Research Laboratory for research on adapta- 
tions of man to environmental stresses. 

- I'ormerly Cajitain. Medical Corps. .AUS. Pre.sent 
advlrc'': .lewi'h Ho'pital. Cincinnati. Oliio. 

- Captain. Meih’cal Corp-. .\US. 


was constructed of copper screening covered with flannel. 
The flannel was saturated with the solution to be tested 
and was secured firmly to the skin by means of a canvas 
strap. A current density of 0.5 milliamperes per sq. cm. 
was applied for four minutes in each case. The solutions 
introduced by electrophoretic means were (/)> 0.9% 
NaCl, (2) a saturated solution of Pyrihenzamine hydro- 
chloride, and (i) a saturated solution of Benadryl hydro- 
chloride. Since each subject acted as his own control, 
the various solutions were usually applied to the same 
extremity in rectangular areas one inch apart. In those 
cases in which sufficient surface area was not available, 
Pyrihenzamine and a saline control were placed on the 
skin of one extremity, while Benadryl and a saline control 
were applied in a similar manner to the skin of the 
opposite extremity. After one hour the e.rythema which 
routinely followed the iontophoresis of any of the solu- 
tions had usually disappeared. Localized frostbite was 
then produced by means of a jet of cold air directed at 
the skin. The air was first dried and was then passed 
through coils of copper tubing embedded in an insulated 
cask of dry ice. The rate of flow was measured by 
means of a standard gasometer placed in the system, and 
the temperature of the air was determined by means of 
a thermocouple placed at the end of a 16-inch length of 
%-inch rubber tubing which served as the outlet. Al- 
though the intensity and duration of the stimulus varied 
somewhat from subject to subject, the same stimulus was 
always applied to the areas tested on any particular sub- 
ject during a single experiment. It was found that a 
jet of air at a temperature of — 40° F. applied for ten 
seconds resulted in satisfactory and reproducible lesions. 
In a single experiment the same cold stimulus was ap- 
plied to each of the treated areas and to one untreated 
area nearby. Observations were made of the time of 
onset, degree and size of wheal formation. 

KESULTS 

During, and for a short time following, the 
iontophoresis of an)- of tlie substances used, the 
subjects rejiorted slight discomfort, usually de- 
scribed as “burning or tingling’’ at the site of ap- 
lilication. This discomfort was equally great 
whether saline, Benadryl, or P\-ribenzamine was 
used. Similarly, no differences between the saline 
control and the anti-histaminic agents were noted 
with regard to local erythema or jiapule formation. 
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The time required for freezing the treated and 
the untreated areas did not vary significantly. 
Onset of freezing was lieralded by a pricking or 
burning sensation and blanching of the skin. 
W^ithin a few seconds, frost began to accumulate 
on the frozen skin and after ten seconds or more 
(depending on the intensity of the stimulus), a 
hard, frozen, cream-colored area, approximately 
1.5 cm. in diameter, could he picked up between 
the fingers. This thawed in a matter of 60 sec- 
onds. Within a few minutes the frostbitten area 
became red and was sharply demarcated from 
the surrounding skin. In the untreated areas, a 
wheal invariably began to form within five minutes 
after removal of the stimulus, continued to swell 
until it reached a maximum in approximately 20 
minutes, and gradually subsided in from one to 
four hours. 

The wheals were graded I to III : 

I = Minimal or no wheal formation 
II = Slight to moderate wheal formation 

III = Marked wheal formation 

The whealing was strikingly inhibited in the 
areas where the histamine antagonists had been 
introduced (Table I, Figure 1). Benadryl was 
slightly less effective than Pyribenzamine. lonto- 
proresis of normal saline had essentially no effect 
on wheal formation. When wheals did appear in 
the areas treated with the anti-histaminic agents, 
the time of appearance was invariably delayed. In 
most cases the duration and intensity of the cold 
stimulus were not sufficient to produce vesicle 
formation. In the few subjects in whom vesicles 
were produced they tended to be less severe in 
the areas treated with Benadryl or Pj'ribenzamine. 
In all instances the frostbitten skin was tender and 


TABLE I 

The effects of anlihistaminic agents on frostbite 
wheals in twelve subjects 


Area 

irostbitten 

Number of subjects sliowing various degrees 
of wheal formation 

Grade I 

Grade 11 

Grade in 

Untreated 

Saline 

0 

1 

11 

Iontophoresis 

l5cnadr>'I 

0 

2 i 

i 

10 

Iontophoresis 
' yibenzaniine 

10 

1 

1 

Iontophoresis 

n 

1 

0 





Fig. 1. The Inhibition of Frostbite Wheal on 
THE Thigh by Previous Iontophoresis of Pyribenza- 
mine Hydrochloride 

S.C. = saline control, P. = pyribenzamine. Cold stimu- 
lus applied to both areas was jet of air at — 40° F. for 
ten seconds. 

somewbat painful for approximately 48 hours. 
The redness persisted for several days and was 
followed by scaling with eventual disappearance 
of the lesion in approximately three weeks. A 
comparison of the treated and untreated areas re- 
vealed no significant differences in the progress 
and ultimate outcome of the frostbite lesions. 

SUMMARY AND CONCLUSIONS 

1. Introduction of the histamine antagonists, 
PjTibenzamine hydrochloride and Benadryl hy- 
drochloride, by an iontophoretic technique in- 
hibited the formation of frostbite wheals in the 
human skin. 

2. In these experiments no other effects of anti- 
histamine agents on the t 3 'pe or progress of 
localized frostbite lesions were observed. 

3. It is concluded from these studies that his- 
tamine or a histamine-like substance is liberated 
in the human skin in the early stages of frostbite. 
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INTRODUCTORY AND THEORETICAL 

The present method of calculating normal car- 
diac output standards in man involves a fallacy, 
and has led in practice to erroneous conclusions 
(1). This is a serious matter for clinicians, since 
it has been shown by Starr that the first indica- 
tions of symptomless heart disease may be given 
by abnormalities in cardiac output (2). Thus it 
is reasonable to suppose that in the next few dec- 
ades the determination of cardiac output will be- 
come as common as that of basal metabolism, or 
more so. Consequently it is the object of this 
paper to present new standards, based on more 
adequate statistical methods. Use has been made 
of the data already in the literature, of a new series 
of 50 subjects so far only reported in abstract (3), 
and of partly published data on 174 normal indi- 
viduals collected by Starr and his co-workers. 

The introductory and theoretical part of this 
paper refers to the construction of cardiac output 
standards irrespective of the method used for 
measuring output. The main standards developed 
thereafter refer to the Starr ballistocardiograph ; 
in this connection a new constant for use in the 
Starr formula for stroke volume is given. Lastly, 
some biometric relations between the various 
methods are examined, and as a result tentative 
recommendations with regard to cardiac catheteri- 
zation data are made. There are at present in- 
sufficient catheterization data available on normal 
subjects from which to decide whether the same 
standards may be used as for the ballistocardio- 
graph. Ill any case the ballistocardiograph seems 
the more appropriate instrument to use in deter- 
mining whether a person is slightly abnonnal or 
not. 

Present address : Sberring^ton School of Physiology', 
St. Thomas's Hospital, London S.E. 1, England. 


Material 

The material used in this analysis comes from 
three sources. Firstly, Table I reports measure- 
ments made personall}^ with the ballistocardio- 
graph on 50 healthy young men, when I was work- 
ing in Dr. Starr’s laboratory in 1943. In this 
study classification of physique by Sheldon’s 
method (4) was undertaken and the somatotypes 
of the subjects are given in the last column ; I am 
indebted to Dr. W. C. Dupertuis for help in this 
aspect of the work. Secondly, the raw data of the 
extensive ballistocardiographic series of 200 
healthy persons reported by Starr and Schroecler 
in 1940 (5) have been available to me. This series 
is of particular value because the subjects have 
been followed for eight to ten years (2) and those 
now suffering from any cardiovascular disease 
have been eliminated from the present calculations, 
leaving 174 persons. Thirdly, in the last section 
of the paper, use has been made of all the substan- 
tial and detailed series of cardiac output data in 
the literature, including results obtained by cathe- 
terization, acetylene and ethyl iodide methods. 

The reliability of cardiac output detenniuatious 

and the relations behveeu results obtained by 

different methods 

Two points must be considered before under- 
taking a detailed and thus laborious biometric 
analysis of cardiac output data. First of all. it is 
clearly useless to construct standards for a ph}'si- 
ological function which changes greatly from 
minute to minute or day to day in an unpredictal)le 
manner. We must first enquire what is the re- 
liability - — the repeatahilit}' — of the measurement. 

- Reliability must of course be clearly distinguislierl 
from validity. Reliability refers to bow repeatable the 
measurement in question is. and validity to whether it in 
fact measures what it purports to measure. Clearly any 
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TABLE I 

Ballislocardiograpli cardiac output data for 50 healthy young men 


Subject 

number 

Ase 

Height 

Weight 

Blood 

press. 

Moutli 

temp. 

Heart 

rate 

Stroke 

volume 

Cardiac 

output 

Somatotype 

1 

years 

20 

evis. 

179.3 

kgs. 

68.6 

113/70 

98.8 

68 

cc. 

100 

Jlmiii. 

6.80 

3 

3 

4 

2 

20 

191.4 

67.4 

98/72 

98.4 

74 

100 

7.40 

2i 

2 

6 

3 

20 

167.6 

66.9 

124/69 

98.0 

63 

99 

6.24 

3 

5 

2 

4 

21 

177.6 

63.2 

118/78 

98.2 

62 

99 

6.14 

34 

3 

44 

5 

21 

172.7 

79.1 

113/85 

98.0 

58 

109 

6.32 

5A 

4 

14 

6 

21 

162.8 

66.5 

99/73 

97.5 

52 

101 

5.25 


44 

. 1 

7 

21 

181.8 

76.9 

107/64 

97.7 

70 

93 

6.51 

4 

44 

3 

8 

21 

182.6 

62.3 

122/76 

98.7 

58 

126 

7.31 

2i 

2 

54 

9 

21 

183.3 

63.2 

103/58 

98.3 

59 

98 

5.78 

2 

3 

a 


22 

182.5 

67.4 

107/73 

98.4 

57 

112 

6.39 

2 

34 

44 

11 

22 

186.6 

71.9 

118/76 

98.2 

49 

108 

5.29 

3 

34 

44 

12 

22 

189.0 

71.9 

117/80 

98.5 

59 

95 

5.61 

24 

3 

5 

13 

22 

183.0 

88.6 

120/77 

97.8 

57 

115 

6.55 

D 

44 

14 

14 

22 

178.2 

90.9 

114/84 

97.3 

55 

94 

5.17 

5 

5 

1 

15 

22 

183.2 

68.1 

122/77 

98.4 

65 

103 

6.70 

2-4 

34 

44 

16 

22 

184.3 

66.0 

110/75 

99.0 

59 

100 

5.90 

2 

3 

5 

17 

22 

167.7 

61.0 

102/67 

97.8 

55 

109 

6.00 

4 

44 

3 

18 

22 

184.4 

80.5 

105/74 

98.0 

58 

112 

6.50 

2i 

a 

3 

19 

22 

168.7 

72.4 

110/79 

98.2 

60 

93 

5.58 

5i 

3 

2 

20 

22 

166.4 

70.5 

106/73 

98.5 

64 

101 

6.46 

5 

34 

2 

21 

22 

180.4 

76.0 

107/76 

97.9 

51 

109 

5.56 

4 

4 

^4 

22 

22 

183.3 

77.8 

104/71 

97.9 

52 

117 

6.08 


3 

44 

23 

22 

177.7 

77.8 

118/81 

98.7 

75 

107 

8.03 

3 

54 

2 

24 

23 

165.5 

66.5 

109/70 

98.7 

69 

105 

7.25 

44 

44 

2 

25 

23 

168.8 

.56.4 

103/72 

98.0 

64 

93 

5.95 

34 

34 

4 

26 

23 

175.8 

76.9 

96/68 

97.6 

55 

103 

5.67 

34 

5 

24 

27 

23 

175.8 

59.1 

111/69 

98.0 

58 

92 

5.34 

2-4 

3 

5" 

28 

23 

173.1 

66.0 

114/75 

98.1 

65 

93 

6.04 

3 

54 

24 

29 

23 

186.2 

75.5 

98/72 

97.5 

56 

93 

5.21 

3 

3 

44 

30 

23 

181.0 

74.6 

103/74 

98.6 

74 

104 

7.70 

4 

4 

24 

31 

23 

173.6 

66.9 

97/68 

97.6 

64 

88 

5.63 

24 

5 

3 

32 

23 

175.2 

76.5 

108/71 

97.5 

61 

96 

5.85 

4 

5 

2 

33 

23 

177.1 

72.4 

109/70 

98.4 

68 

95 

6.46 

4 

5 

3 

34 

23 

167.1 

62.8 

112/78 

98.9 

78 

91 

7.10 

3 

54 

2 

35 

24 

189.7 

81.4 

101/70 

98.2 

66 

114 

7.53 

24 

44 

4 

36 

24 

178.0 

67.4 

114/73 

98.4 

83 

90 

7.47 

3 

34 

44 

37 

24 

176.2 

77.4 

104/70 

98.5 

73 

91 

6.64 

6 

24 

2 

38 

24 

183.3 

70.5 

105/72 

98.1 

65 

111 

7.22 

3 

34 

4 

39 

24 

173.6 

77.4 

111/75 

97.8 

55 

90 

4.95 

54 

34 

2 

40 

24 

178.0 

69.1 

104/65 

98.0 

51 

99 

5.05 

4 

3 

4 

41 

24 

172.6 

75.5 

100/63 

97.8 

50 

112 

5.60 

24 

6 

14 

42 

24 

172.3 

61.9 

111/77 

99.1 

76 

95 

7.72 

3' 

34 

4 

43 

24 

189.7 

79.6 

113/73 

98.6 

57 

119 

6.78 

2 

4 

4 

44 

25 

177.0 

68.6 

101/68 

98.0 

53 

103 

5.46 

34 

34 

4 

45 

25 

167.8 

68.6 

106/67 

98.1 

53 

102 

5.41 

5 

24 

3 

46 

25 

173.0 

62.8 

108/81 

98.4 

68 

80 

5.44 

34 

4 

4 

47 

25 

168.5 

62.3 

101/75 

97.4 

46 

111 

5.11 

4 

3 4 

3 

48 

26 

163.4 

! 48.2 

97/65 

98.1 

64 

85 

5.44 

2 

4 

4 

49 

26 

177.8 

70.5 

11.3/67 

98.6 

58 

112 

6.50 

2 

6 

24 

50 

27 

182.8 

61.9 

113/68 

98.5 

54 

121 

6.54 

14 

2-4 

6 

Mean 

22.8 

177.2 

70.3 

108.4/72.4 

98.17 

61.3 

102 

6.21 

3.4 

3.9 

3.3 

■Standard 

neviatkm 

1 

j 1.5 

i 

j 7.05 

7.9 

7.0/3. 1 

0.44 

8.2 

9.8 

0.79 

1.1 

1.0 

1.3 


This point must he emphasized simply because, 
at least in its statistical aspects, it has been thor- 
oughly uei^lected by physiologists and clinicians, 
who often instead assume tlieir measurements to 

t!’.vao.trc!!uiu uhicli i". ivit rt-nsoiiably rcliaf)lc cannot be 
vali !. Ir.it tli<- ci>iiviT_'c <ioc' not hold. 


be a great deal more reliable than they really are. 
The simplest way of quantitating reliability is b\' 
giving the correlation coefficient between two de- 
terminations, the second taken a few minutes or 
days after the first. Tliis test-retest correlation 
is known as the coefficient of rclinhililv. Despite 
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its importance, it has onl}' been reported for one 
cardiac output method, the Starr ballistocardio- 
graph ; various more or less vague statements are 
all that we have to go on for other techniques. 
In estimations by the ballistocardiograph the re- 
liability olitained from two tests seven minutes 
apart on subjects well rested, so that variation of 
the cardiac output with the passing of time is 
minimised, is 0.91 (3). The data given by Starr 
ct al. (6) lead to a very similar figure for the 
ethyl iodide method. The statement by Grollman 
(7) that a retest nearly always falls within 10% 
of the initial value indicates that a similar figure 
would be a reasonable approximation for the ace- 
tylene method ; while the catheterization method 
would seem to be slightly less reliable, from the 
statements of Nickerson ct al. (8) and Warren 
etal. (9). 

Though this relialnlity is certainly high enough 
to make the construction of standards worth while, 
it is not nearly so high as for physical measure- 
ments, or indeed as for the impressionistic assess- 
ment of physique by a skilled observer. This 
brings us to the second point. Can a single stand- 
ard be constructed ■which applies to all methods of 
measuring cardiac output, in particular to the 
ballistocardiogram and to the catheterization 
methods? He would be a bold man who asserted 
unequivocally that such a standard is possible and 
can be constructed with present data. But he 
would be rash, also, who maintained one method’s 
standards have no bearing on another’s ; for the 
quantitative relations between two methods are 
a suljject for biometrical analysis, and arguments 
from the superior validity of one particular method, 
however justified, are not relevant to this particular 
proldem. 

The published results show an astonishing 
agreement between the different methods under 
most circumstances, when due regard is paid to 
the relatively low reliability of each method. The 
point is this : method A cannot correlate any better 
'vith method B than it does with itself, and prob- 
ably correlates with B a good deal less. When 
comparing methods A and B, however, it is pos- 
sible by statistical means to neutralize the unre- 
liability of the tests, and sec how closely the two 
methods would agree if they were not subject to 
such troubles : to find the true correlation of the 
phenomena measured, were the methods of meas- 


urement not fallible. This is known statistically 
as correcting the coefficient for attenuation, and 
is done simply by dividing the method A-method B 
correlation by the square roots of each method’s 
reliability coefficient (10). The Starr ballisto- 
cardiograph stroke volume for 25, subjects, cover- 
ing wide age and surface area ranges, correlated 
with the ethyl iodide stroke volume to the extent 
of 0.86 (6). When corrected for attenuation so 
as to represent the true correlation between meth- 
ods when the unreliability is taken away, this figure 
0 86 

becomes , ' = = 0.96. This indicates that 

VO.91 X 0.90 

0.96- == 0.92 or 92% of the variance of each method 
is due to the factor common to the two methods, 
and only 8% to factors specific to each method. 
More important is the correlation of the Starr 
ballistocardiograph stroke volume with the cathe- 
terization stroke volume (11). For 14 subjects, 
covering a wide age range, and including normal 
people and sick patients, the figure was 0.94. 
The figure is slightly inflated by the average of 
two ballistic records being taken, and by the in- 
clusion of aortic cross-section in the old Starr 
formula. This figure, corrected for attenuation, 
reaches unity, and if not inflated from these causes, 
could scarcely be under 0.95. Lastly, the Nick- 
erson low-frequency critically-damped ballisto- 
cardiograph gave a correlation coefficient of 0.83 
with the catheterization figure for 54 observa- 
tions over a wide age span of patients without 
heart disease. Tliis corrected would again be of 
the order of 0.95, and at least with this instru- 
ment “variations in arterial pressure, heart rate 
and age appear to cause no significant variation 
in the relationship Ijetween the cardiac inde.x as 
measured by the Iiallistic method and as determined 
by the catheter method" (8). Thus these methods 
agree well, at least for healthy persons at rest ; and 
it is from these that we obtain normal standards 
and measure our degree of almormality. 

The jatlacy oj the present ratio standard 

Two expressions have so far been proposed for 
cardiac output standards ; the outjiut jier surface 
area (12) and the output per body weight (5). 
The implications of tlie u.se of tliese ratios as 
standards do not seem to have been generally 
realised : the subject has been discussed at length 
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Fig. 1. The Relation of Stroke Volume and Bodv Weight 


dsewliere (1). Except in a special case, not met 
iiy cardiac output figures, the ratio standard cre- 
ates of itself a tendency to say large men har^e 
small stroke volumes and small men large ones 
and thus leads to the situation where large and 
small men arc reported as abnormal more readily 
than are the medium sized. 

This comes about in tlie following way. Figure 
1 shows the stroke volume of the heart plotted 
against body weight (data of Table I ) . The use of 
the ratio, per-weight, standard implies that in the 
normal person, the stroke volume is proportional 
to the weight : in fact that the expression. 

Stroke X'olume = k. Wt., (P) 

holds good over the range of values of weight 
tor which the standard is used ; that is. for all 
normal adult values. The constant k is deter- 
mined bv the mean values of the >eries of data on 
wliich the ,'tandard is founded. Tints the line in 


equation P passes through the point of the two 
means, and, by virtue of the form of the equation, 
through tlie origin also. If this line were really 
a newly constructed per-weight standard, we 
should judge any given stroke volume as normal 
or abnormal according to how far away from the 
line our value fell. This is the current practice, 
using either the per-weight or per-surface area 
standard. Now actually this expression by no 
means represents the mathematically "best” or 
“true” relation between stroke volume and weight 
over the range of adult values. The best relation 
is that given by the regression equation (assuming 
rectilinearity of regression, which is justified at 
least as a first approximation), and this equation 
is : 

Stroke Volume (ml.) = .32 wt. (kg.) + 79.5. (Q) 

This is the line called equation 0 in Figure 1, and 
it will be seen that it only coincides with that of 
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equation P at one point, the means. Equation P 
should be our proper standard, and it can be seen 
from the figure that a heavy man of 90 kg. will be 
given by the ratio standard a “normal” stroke vol- 
ume which is too high, by as much, in this instance, 
as 20%. At the end of this paper the example 
chosen to illustrate the application of the new 
standards also illustrates this point. 

The regression equation also has the advantage 
that a precise test of significance of the difference 
between the values found and those predicted is 
available. That is, confidence limits can be pre- 
cisely specified, such that only one normal man in 
20, or one in 100, as is wished, is reported wrongly 
as abnormal. A similar test is not so readily avail- 
able for the ratio standard. 

The multiple regression equatiojt standard in 
theory 

Correct normal standards of cardiac output 
should be constructed, then, from the regression 
equations found experimentally in healthy people. 
We not only wish to have standards for every 
weight, but also for each age, for either sex, and 
indeed for the varying conditions of all the vari- 
ables upon which, in the normal individual, stroke 
volume depends. The more precise the standard 
for the normal, the smaller the variation we shall 
be able to identify as abnormal, and the earlier 
the diagnosis of disorder. What we need is a 
multiple regression equation in which is shown the 
dependence of stroke volume upon many variables, 
each with its own effect separated off from the 
effects of the others. Stroke volume, we may say, 
is given (in the normal) by 

V, = aL + bM + cN + dO -1- eP, (A) 

where L, M, N, etc. are such variables as weight, 
age and sex, and a, b, c, etc. are coefficients. Such 
an equation assumes that the relationships between 
all the variables concerned are linear, though there 
IS no reason why more complicated functions either 
stated curvilinearly or reduced to linearity by tak- 
mg logarithms or by some other means should not 
be used if tbej’ represent the data better. Our 
present data warrant no other assumption than that 
of linearity, except possibly in the case of age. 
Multiple regression equations of this sort are used 
m the newer tables of children’s weights, and have 


been constructed by pathologists to help them 
identify abnormal tissues (13). A very full and 
exemplary treatment of their construction and use 
for basal metabolism standards will be found in 
Harris and Benedict’s monograph (14). 

Cardiac output per minute is a ph 3 "siologically 
important but composite variable, and its com- 
ponents, stroke volume (Vs) and heart rate, are 
governed by factors which are to a large degree 
independent of each other (as signified by and 
lieart rate having a negative correlation at rest of 
about —.4). Both stroke volume and heart rate 
are of very considerable interest in themselves, 
and it would therefore seem best to have stand- 
ards for these two variables, as well as for cardiac 
output per minute. It could then immediately 
be seen whether a person with a high cardiac out- 
put had it because of a high heart rate for, let us 
say, his age and sex, or a high stroke volume for 
his size, age and heart rate. 

The variables that enter into the multiple re- 
gression equations depend, of course, on the cor- 
relations found empirically for healthy people. 
But a priori we may surmise that we should allow 
for age, sex, and body size and shape. Height, 
weight and surface area are merely crude ways of 
considering physique ; these relations will be dis- 
cussed in more detail in the next section. Our 
theoretical equations may then be : 

Stroke Volume = a. Body Size factor + b. Age + c. Heart 

rate -I- d. Chest dysplasia -1- e. Androgeny of Phy- 


sique + f (B) 

Heart Rate = a'. Body Size factor -f b'. Age + c' ... (C) 
Cardiac output/min. = a". Body Size factor -b b". 

Age + c" (D) 


It is proposed to derive equations of this tt'pe 
for each sex with the accuracy the data available 
permits. 

The data 

In Table I are listed the data for 50 healtliy students. 
These determinations were made between 12 noon and 
3.30 p.m. in June with laboratory temperatures varying 
from 21.2° C to 33.5° C. The subjects had taken no 
strenuous exercise on the day of the test, and had not 
smoked or had anything to eat or drink for three hours 
previously. Each sat in a chair resting for 30 minutes 
and then lay down on the ballistocardiograph. .At the 
end of 14 minutes a recording was taken, and another at 
the end of 21 minutes. The figures in Table I are the 
average of these two determinations (3). 



TABLE II 

Cardiac output data on healthy men and •women 
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First order regressions, cardiac output 
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Table II sets out the biometric relations of all available 
studies which give full figures, including the heights and 
weights of the subjects. The first and third columns 
refer to the data of Starr, the second to the contents of 
Table I. These three columns are results from Starr’s 
high-frequency ballistocardiograph, using the area formula 
of Starr, omitting A, the aortic cross-section area, and 
using 100 instead of 33 as the constant, the reason for 
which is given below. 

The fourth and fifth columns refer to acetylene method 
results. Lewis studied 100 apparently healthy middle- 
aged and old men (15), but only the data on the 80 
subjects between the ages of 40 and 79 figure in the 
Table II calculations. Grollman’s subjects were mostly 
medical students in the post-absorbtive state (12). The 
sixth column lists data obtained by Starr and his col- 
leagues using ethyl iodide (16), and the last two columns 
are from cardiac catheterization studies. 

Very few catheterization data are available on normal 
subjects. This being the case, it is all the more unfor- 
tunate that the two available series, due to Cournand 
cf al. (17) and Stead ct al. (18), do not agree. Stead’s 
value lor stroke volume for ten normal subjects ([18] 
their group 1 plus WP of group 4) of mean surface area 
1.93 sq.m., heart rate 70.3 and age 25, was 85.6 ml. 
Cournand’s 13 subjects’ mean stroke volume, when ad- 
justed to Stead’s means of surface area, heart rate and 
age, is 96.2 ml. or 96.6 ml. according to whether the 
adjustment is made using the regressions of Cournand’s 
sample itself or of equation B3, below. In either case 
the difference between Stead’s and Cournand’s means is 
more than twice its standard error, and unlikely to be 
due to chance: it stems from a difference in arterio- 
venous oxygen difference, due to method, climate, choice 
of subjects, or some other factor. Thus the two series 
cannot be considered as from the same population and 
must be dealt with separately. 

In the upiJcr part of Table II means and standard 
deviations of the various variables are tabulated ; the 
standard deviations are figures for the sample. The heart 
rates serve as a guide to the degree of rest and relaxa- 
tion of the subjects; in three of the four large male series 
they are satisfactory, but Starr’s ballistocardiograph groiq) 
‘have rather high rates, perhaps because they were not in 
tlic i)ost-absori)tive state. 

Tlie middle part of Table II lists the regressions and 
partial regressions that we are concerned with, and which 
constitute the most important part of our analysis. These 
regressions are estimates of regressions in the population 
from which each sample was drawn, but some are, of 
course, much better estimates than others, due to the 
relative 'ize of the samples. The standard errors are the 
figures in italics each below and to the right of the parent 
regrc'.sion coefficient. The samjiling error of the cathe- 
terisation data in particular is distressingly large in rela- 
tion to the making of standards. 

'rile lower part of Table II lists various correlation 
cis.-lticients of interest, and jirovides a way of judging the 
go,»!tie'- of fit of the regression lines sjjccified. 'rbe 
!e\t-! ,if r for whicii P = .05 is given, and for coefficients 


of this size the figure for twice the standard error of 
each coefficient will not be very much smaller than this. 

In Table III are the more detailed statistics for age 
changes in cardiac output from the studies of Starr and 
of Lewis. 

BALLISTOCARDIOGRAPH STANDARDS 

Leaving a further consideration of Table II to 
the last part of the paper, we will now develop the 
appropriate standards for the Starr ballistocardio- 
gram. 

The revised ballistocardiogram formula 

The dropping of A, the cross-sectional area of 
the aorta, from Starr’s ballistocardiogram formula 
(19) leaves the value of the constant in the formula 
indeterminate, and before we can give regression 
coefficients for stroke volume we must adopt some 
particular figure. The value to be chosen is that 
which will bring the mean normal figure for stroke 
volume calculated from the ballistocardiogram into 
line with the mean obtained by the catheter tech- 
nique. 

Using the Starr area formula without aortic 
cross-section and omitting the constant 33 (i.e., 

Vs = '\/(2l area -f J area)Vc where the areas are 
measured in millimeter-seconds, and 280 gm. dis- 
place the light spot 1 cm.), the mean A'alue for 
Tanner’s 50 men of average age 23 is 1.02 ml., and 
for Starr’s 24 men (Table III) of average age 
24 is .92 ml. When both these means are ad- 
justed for surface area and heart rate differences 
by equation B3, so that they correspond to the 
value of a group of surface area 1.80 sq.m, and 
heart rate 62, Tanner’s series mean is 1.00 ml. and 
Starr’s .94 ml. The difference between the two 
series is just twice its standard error; probably 
Tanner’s subjects have higher outputs liecause 
the}' were all measured in the summer. A figure 
of about .96 ml. would perhaps be the best all-the- 
)'ear-round estimate. The question is whether to 
bring tliis up to Stead’s mean catheter figure, or 
to Cournand’s. I have chosen, pending more data, 
to bring it to the latter, chief!}' because this makes 
the constant the convenient and self-evidently ap- 
proximate figure of 100. It is recommended that 
this be used in Starr's area formula, until further 
develojimcnts take place. 
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TADLE nr 

Changes in cardiac oulpul wilh age 



Starr: BalHstocardiograph 

Lewis; Acetylene 

Males 

Females 

1 1 

40^9 

50-59 

60-69 

70-79 

80-89 

-■\8C 




S0-S9 

60-79 



1 50-69 

Number 

24 

29 

29 

18 

8 

29 

B 

1 10 

20 

20 

20 

20 ' 

1 

20 

Surface Area M 

a 

1.86 

.13 

1.91 

.11 

1.92 

.14 


1.85 

1.57 

.14 

1.61 

1 .12 

1.72 

1 

1.82 

.14 

' 1.82 
.13 

1.79 

.15 

m 


Heart Rate M 

ff 

70.6 

7.3 

71.5 

9.6 

67.8 

7.9 

72.2 

9.0 

77.5 

73.6 

10.0 

70.7 

8.1 

69.5 

61.1 

5.1 

60.8 

8.1 

B 

58.7 

6.8 

62.9 
' 9.0 

Stroke Volume M 

a 

92.4 

10.5 

86.7 

10.8 ' 

82.1 

13.6 

66.8 

12.6 


70.4 

7.8 

67.4 

8.5 

62.8 

71.3 

10.2 



66.5 

1 10.5 

60.0 
, 10.3 

Cardiac Output M 

a 

6.51 

.88 

6.19 

.97 

5.52 

.86 

4.75 

.69 

3.74 

5.19 

.85 

4.76 

.77 

4.34 

4.32 

.57 

4.04 

.37 

4.06 

.48 

3.86 

.47 

3.74 

1 .65 

I wave area M 

a 


m 

17.0 

7.5 

9.7 

4.4 

mm 

12.2 

2.9 

11.3 

3.0 

8.4 


1 

1 

i 

i 


J wave area M 

<r 

50.1 

10.2 

42.4 

12.4 

39.6 

9.2 

30.0 

8.8 

24.6 

32.2 i 
7.8 ! 

27.9 

5.8 

25.9 

i/J 


2.1 

2.3 

3.1 

2.6 

2.6 

2.5 

1 

3.1 

Average blood M 

pressure <r 

93.8 

7.8 

96,9 

5.7 

94.4 

8.4 

97.4 

7.3 

111.4 

1 

91.2 

6.9 


106.5 

91.1 

6.6 

97.6 

7.9 

94.8 

8.5 




This new constant is probably too high ; it as- 
sumes that persons lying at rest with an intra- 
cardiac catheter in place and a needle in the femoral 
artery are as truly basal as those lying in perfect 
comfort on the ballistocardiograph, and this is un- 
likely to be true. It places the mean level for bal- 
listic stroke volumes considerably above that ob- 
tained by adding 18.5% to the old Starr formula, 
as suggested b)^ Cournand (11), which gives a 
value of 60 for the constant, and leads to the 
rather low figure of 3.7 1/min. for the cardiac out- 
put of healthy young men at rest. (Current model 
experiments, Professor Starr tells me, support 
the figure of 60, all the same.) That at present 
" e have no means of knowing absolute values from 
the ballistocardiogram is of no importance what- 
c\er so far as our standards are concerned. As 
used in practice they are independent of the con- 
stant and of any absolute level. When the constant 
clianges as a result of further data accumulating, 
tile regression coefficients in equations B3 and C3 
below will change proportionately, but the stand- 
ard error of estimate (see below, p. 577) will do 
likewise and the probability of a patient being 
a 'normal will remain unaltered. 


The relation with body size 

There are two classifications of physique which 
command attention at the present time. One of 
these is due to Sheldon (4), and the other, result- 
ing from applying the methods of factor analysis 
to measurement of the body, has reached its most 
advanced position in the hands of Burt (20). 
A discussion of the principles of these systems 
and of the relation between the two will be found 
elsewhere (21). The factor analysis yields a 
general Body Size factor, and several subsidiary 
factors such as the leptosomic, or linearity factor, 
which is the equivalent of Sheldon’s ectomorphy. 
The Size factor is a measure of the simple large- 
ness of the body ; every measurement taken on the 
bod}- correlates positively with it. It is really this 
Size Factor that we are attempting to consider 
when we regulate the dosage of a drug by bod\- 
weight or calculate cardiac output per kilogram 
or per square meter. (We may thereafter, it is 
true, proceed to consider the relative amounts of 
more of less active tissue, the bone, muscle and 
fat proportions, but only after the general size has 
first been allowed for. or. in statistical language. 
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partiallecl out.) An estimate of a man’s Size 
Factor score may be obtained from a regression 
equation involving height and weight and sacrum- 
heel length (22) and it is this Size Factor esti- 
mate which we should use as the first term in our 
multiple regression equation for cardiac output. 
However, another expression has been substituted, 
and this the familiar one, DuBois Surface Area 
(23). This surface area expression can be shown 
for men to correlate with the Size Factor estimate 
to the extent of .98 and its use therefore gives pre- 
cisely the same result : it is a trifle simpler to 
measure and compute and is already familiar to 
clinicians. It should be again emphasized, how- 
ever, that the surface area is used simply because 
it provides a good estimate of the Size Factor and 
for no other reason. There is no implication 
whatever of theoretical physiological relations con- 
cerning surface area and cardiac output, such as 
caused controversy in the field of basal metabo- 
lism (14, 23, 24). The figure used for weight 
should be the subject’s usual weight in health : 
under no circumstances should any so-called 
“ideal” weights be used, which are mereh' meth- 
ods of telling what weight a given person would 
have if he were somebody else of entire!}' different 
appearance. I have used surface area as equiva- 
lent to the Size Factor for women as well as men, 
and the propriety of doing so might well be ques- 
tioned ; data on the sui^ject are lacking. 

The regression of stroke volume on surface area 
for ballistocardiogra]:)li data can lie seen in Table 
II. The figure for women is less than that for 
men, but this seems to l)c due to the existence of 
a positive relation between surface area and age 
in the series of women, but not in the men. Par- 
tial regressions with age constant give almost 
identical figures for both se.xes. 

Heart rate and body size seem to be independent 
of each other. The heart rate has insignificantly 
small correlations witli height, weight and surface 
area in all the data of Table 11. The large scries 
of Boas and Goldschmidt (25) and Harris and 
Benedict (14) gave almost e.xactly zero correla- 
tions. We may conclude that resting heart rate 
in the Iniman is unrelated to the Size Factor. 

Beyond the general Size Factor, one may sus- 
pect that a person’s I'ody build may influence his 
cardiac output. In the 50 young men of mv 
"Cries, however, no sure relation could be demon- 


strated between heart rate, stroke volume or car- 
diac output' and any of the Sheldon components 
(3). Correlations with Burt’s leptosomic factor 
scores (taken to increase as linearity or ecto- 
morphy increases, contrary to the usage in my 
previous study [21]) were only .18 for stroke 
volume and .19 for cardiac output, either of which 
Avould be expected to occur once in five samplings 
of a population in which there was no correlation 
at all ; and .06 for heart rate. Thus at present, 
though some quite small positive relation between 
stroke volume and linearity of build may exist, the 
inclusion of body build factors other than general 
size would not substantially improve our standards. 

Stroke volume and heart rate 

The relationship between stroke volume and 
heart rate is an inverse one. There is good agree- 
ment, particularly in the partial regression, be- 
tween the two male ballistocardiograph series, but 
the figure for women seems only to be about half 
as large. 

Stroke volume and age 

The regressions and correlations are in Table 
II and some more detailed statistics in Table III. 
Starr’s male data show a very marked decrease 
with age, with a linear correlation of — .65. The 
female regression is again about half the male. 

The standard regression equations 

We are now in a position to assign values to 
the coefficients in the regression equations B and 
D, for the ballistocardiograph. These values are 
the partial regressions in Table II ; but they have 
been rounded off to avoid giving an unwarranted 
appearance of high accuracy. The figures for 
stroke volume on surface area are sufficiently 
close for the value 25 to be used for males and 
females; for stroke volume on heart rate. — .50 
covers adequately both male series. \\'’e then 
have : ^ 

Estimate V, (ml.) =25 (S. Area — Mean S. Area) — 

.50 (H. Rate — itcan H. Rate) — .80 ( Age — Jvlean 

Age) -f Mean Men, ballisto (Bl) 

“A set of somewhat different equations based on pre- 
liminary calculations has appeared in the Proc. Pbila. 
Physiol. Society, Amer. J. M. Sc., 1948, 216, 598. The 
present equations replace those preliminary ones. 
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and ■ 

Estimate V, (nil.) =25 (S. Area — Mean S. Area) — 
.20 (H. Rate — mean H. Rate) — .40 (Age — Mean 
Age) + Mean V Women, ballisto (B2) 

The partial’ regression coefficients in the equations 
refer to population values, but the figures to be 
inserted for the means of stroke volume, surface 
area, heart rate and age should perhaps be taken 
by each separate laborator}" from the usual run of 
its own data. In this way, though the mean stroke 
volume figures may differ in different laboratories 
due to variations in method, climate and so forth, 
estimates of Vs will always be couched at the 
same level as the actually recorded measurements. 
We must perforce assume that the standard devia- 
tion is unaffected b}' such changes in the mean as 
we have to deal with. For heart rate, at least, the 
figures of different series agree ver}' well, both 
as to mean and standard deviation (3, 12, 14, 25). 
The population mean for resting males may be 
taken as approximately 62, and the standard de- 
viation as about 8. For women these figures are 
69 and 9. These values only apply if really suffi- 
cient time of resting is allowed the subject before 
determination; at least 15 and perhaps 20 min- 
utes. The subject should preferably be in the 
post-absorptive state. 

Using 100 as the constant in the ballistocardio- 
graph equation, the mean of Starr’s series is 82 
ml. for men and 68 ml. for women. Putting in 
the means of his samples also for surface area, 
heart rate and age, we finally have : 

Estimate V, (ml.) = 25 S. Area - .50 H. Rate - .80 Age 

+ 103 Men. ballisto (B3) 

Estimate V, (ml.) = 25 S. Area - .20 H. Rate - .40 Age 

+ 36 Women, ballisto (B4) 

These equations, as has been emphasized, should 
be regarded only as major terms in longer, more 
accurate, expressions. They are inapplicable be- 
low the age of 20. and of doubtful validity above 
the age of 70. The standard errors of the co- 
efficients have been indicated in Table II. The 
multiple correlation of VT in these equations is 

/ for men, and .50 for women ; that is, surface 
urea, heart rate and age account for 53% of the 
'•iriance of stroke volume estimated by the ballis- 
tocardiograph in men. and 25% of the variance 
in women. 

11.' substituting an individual's measurements 
•n the relevant equation, we obtain an estimate 


of what his stroke volume should be on the basis 
of his surface area, heart rate and age. We then 
discover experimentally his actual stroke volume. 
Naturally the actual stroke volume differs from 
the estimate by a certain amount, 'vhich we will 
call d. The question to which the clinician re- 
quires the answer, and to which all the above 
development has been leading is simply “What is 
the likelihood that this man’s difference, d, is due 
merely to sampling from the normal population?’’. 
This is a more valid form of the cruder question 
“Is this man’s stroke volume normal or not?’’, 
for if the likelihood of the man’s difference having 
arisen just by sampling is small, the man is pre- 
sumably not from the normal population, and is 
thus from another, abnormal one. It has been 
customar 3 q with the ratio standard, to say that 
the man is abnormal if the difference between his 
actual A'alue and the mean A'alue, or standard, is 
20% of the mean. This usage has little statistical 
foundation, and with the regression equation 
standard we can replace it with a more valid and 
more informative device. The estimates we make 
from the regression equation have a standard 
error, and a guide to the likelihood of a given 
man not coming from the normal population is 
directly given by the ratio of the difference, d, to 
this standard error. The standard error is given by 

(Jest — *rvs'\/l F", (U) 

where R is the multiple correlation coefficient. 
Using the figures already given, we have irest = 
16V1 ~ -53 =11 ml. for men and 8.6'\/l ~ -25 
= 7.5 ml. for women. 

The interpretation of d/a-psi is that of the ordi- 
nary critical ratio and from it the clinician can 
tell how much confidence to place in the idea that 
the man may be abnormal. The confidence limits 
usually used b}’ statisticians are =i= 2 for the ratio. 
Avhich would lead to five normal men in 100 being 
classed as abnormal. Thus 've may roughly place 
the limits of stroke volume normality for males at 

22 ml. from the regression estimate. (Though 
these limits seem reasonabh’ appropriate, the\’ are 
quite arbitrary and stricter ones ma\' be taken if 
the clinician desires: for example at =i=2.5. which 
would lead to wrong classification only once in 
100 people.) « 

Heart rate. To complete equation (C) for 
predicting heart rate, we need onlv to cmplov the 
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mean figures for both sexes. Tlie standard deAua- 
tions of the distributions of heart rates in the 
population are knoAvn. Again, each laboratory 
should use its own mean A'alues. Whether or not 
a giA^en heart rate should be considered abnormal 
may be tested in the same A\-a)' as for stroke 
A'^olume. 

Cardiac oiitput. The equivalent equations for 
cardiac output are : 

Estimate C.O. (1/min.) = 1.1 (S. Area — Mean S. Area) 

— .05 (Age — Mean Age) + Mean C.O 

A'len, ballisto (Dl) 

and 

Estimate C.O. (1/min.) =1.7 (S. Area — Mean S. Area) 

— .04 (Age— Mean Age) + Mean C.O 

Women, ballisto (D2) 

With the mean values of Starr’s series inserted, these 
become : 

Estimate C.O. (1/min.) =1.1 S. Area — 0.5 Age + 5.5.. 

Men, ballisto (D3) 

Estimate C.O. (l/min.) =1.7 S. Area — .04 Age + 3.5.. 
Women, ballisto (D4) 

These equations like those for stroke A^olume are 
svtbject to later modification of coefficients as more 
data accumulate, and are applicable only betAveen 
the ages of 20 and 70. The multiple correlation 
coefficient for men is .61 and for AA'omen .54. 
surface area and age thus accounting for 37% 
of the variance of cardiac output in resting men, 
and 29% of the A^ariance in Avoinen. It may be 
recalled that a similar equation for basal oxygen 
consumption yields a multiple correlation of about 
.85 Avhich accounts for 73% of variance (14). 
Thus our standards arc only about half as effec- 
tiA-e at catching the abnormals as are the B.M.R. 
standards. Any future cardiac output standard 
that docs detect abnormals as efficiently as do the 
present IkDI.R. standards Avill liaA'c to be A-cry 
much more complicated than those developed here. 

The last point may be brought home by a con- 
sideration of the interpretation of d, the differ- 
ence, as l)efore, of the actual cardiac output from 
the estimated. Again avc have 

= '’■e.o.^'l “ R'. (IM) 

'I'he higher R. the smaller it...,, and thus the 
Mualler the difference, d. to place a man outside 
the norma! limit.-'. We haA-e this time = 
1.1 \ 1 — ..V = .87 1 min. for men and .84 \ 1 —.29 

— .71 1 min. for Avomen. Confidence limits Avonld 


again be ± 2 for the radio d/ac^- Thus the limits 
of cardiac output normality for males Avould be 
roughly at a ±1.7 1/min. difference from the 
regression estimate for men, and 1.4 1/min. dif- 
ference for Avomen. 

Use of the standard equations. We may con- 
clude this section Avith a couple of practical ex- 
amples of the use of the ncAv standards. Subject 
No. 5 of the Tanner ballistocardiograph series AA-as 
aged 23; his height AA^as 176 cm., Aveight 77.3 kg., 
and Dubois surface area 1.92 sq.m. After 20 
minutes lying at rest, his heart rate Avas 73 per 
min. and calculation from his ballistocardiogram 
impacts gave a stroke volume of 91 ml. 

To ansAver the question Avhether this man is 
abnormal substitute his surface area, heart rate 
and age in equation B3 using the Starr series 
means. The estimated stroke volume figure for 
such an indiAudual is 96 ml. The difference be- 
tAA^een the value found and that predicted is 5, and 
the critical ratio of this difference to its standard 
error is 5/11 =0.5. Thus there is no reason 
to regard this nian as abnormal. The report on 
this man Avould read “actual stroke volume 91 ml., 
standard estimate 96 ml., critical ratio 0.5, nor- 
mal.” It is instructive to consider hoAV this man 
AA’Ould have fared by reference to tbe old stand- 
ards. His per-surface area estimate is 106 ml. 
and his per-Aveight estimate no less than 112 ml. 
On the basis of tbe Aveight standard he Avould be 
judged abnormal, Avith a stroke volume 21% 
below average. 

A second man, F., aged 69, of surface area 
1.89 sq.m., had a heart rate of 64 and a stroke 
A^olume estimated b}^ the ballistocardiogram of 42 
ml. He complained of nothing, Avorked normally, 
and AA'as tested merely to add to the collection of 
normal data. His stroke A'olume, hoAveA^er, seems 
small. Is it likely he is abnormal? Substitution 
in equation B3 giA'es bis regression estimate as 
63 ml. The difference betAveen the values found 
and estimated is 21 ml. and the critical ratio is 
21/1] = 1.9, on the borders of coiiA^entional sta- 
tistical significance.' It is therefore relatiA'ely un- 

' Tills is using tlie liyiiotlicsis tliat the man is ahiiorinal, 
i.c., has either too low or too high a stroke A’olumc. But 
if the hypothesis is that his output is too small (probably 
the more important one clinically, since other factors Avill 
usually lend one to suiipose abnormality of one particu- 
lar sort), tlien the level of normality should be taken at 
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likel)’ tliat this man has a normal heart, despite 
his histor}' ; and, indeed, a few years later, he 
became aware of having coronary disease. 

The cardiac output estimates for these two men 
may be calculated from equation (D3) and the 
likelihood of their being abnormal similarly as- 
sessed ; the information yielded for these two 
cases is the same as above. 

COMPARISON OF BALLISTOCARDIOGRAPH WITH 
OTHER METHODS 

A few of the relations between the various car- 
diac output methods implied by the sea of figures 
in Table II seem worth fishing up and examining 
shortly, even if their subsequent fate is to be 
thrown back in. Most of this discussion con- 
cerns males only. 

Stroke volume and surjace area 

On the present data there is little reason to 
suppose that any significant difference in this 
regression exists between the ballistocardiograph, 
acetylene and catheterization methods. Cour- 
nand’s series had a curiously large range of sur- 
face areas, with a sample standard deviation of 
•17 compared to all the other samples’ .13 or .14, 
Perhaps this was done on purpose with the idea 
of covering a good range of sizes in normals; it 
may well be responsible for tipping up the regres- 
sion line if the relationship is not really quite as 
linear as we would like to suppose. 

There is a suspicion that the ballistocardiogram 
area formula may lead to higher correlations with 
height and lower with weight than do the other 
methods ; possibly the length of the body influences 
the form of the I or J waves. Starr has himself 
suggested that body length should be allowed for 
in the ballistocardiograph formula (19), and 
Mickerson has included it in a revised formula 
for use with his low frequency instrument (8). 
A long aorta contains a greater mass of blood 
than a .short one, and it is conceivable also that 
the time between the blood hitting the arch and 
the bifurcation should be larger in tall men than 
m short ones. Calculations on my series of 50 
subjects does indeed show that the J wave area 
has with bodily stature a specific relation of its 
own : a relation, that is, not shared by the I wave. 

a critic.nl ratio of 1.65 instead of 2. One then tnisclassifies 
loo outi)ut.s of five people in 100. 


Stroke volume and heart rate 

There appears to be a significant difference in 
this regression between the acet3dene and the 
ballistocardiograph methods. As heart rate rises, 
stroke volume apparently decreases nearly twice 
as fast by the acetylene as by the ballistocardio- 
graph. At least part of the reason for this seems 
clear enough. In both acetylene studies the sec- 
ond samples of rebreathed air were taken 23—25 
seconds after the beginning of rebreathing, and 
the evidence presented by Hamilton (26) that con- 
siderable recirculation has occurred during this 
time seems entirely convincing. The greater the 
heart rate, the less circulation time (27-29), the 
more the recirculation, and therefore the lower, 
apiJarently, the stroke volumes : part of the nega- 
tive correlation in the acetylene data is artefactual. 
For this reason I would be inclined to place the 
most likely partial regression for the catheter 
method near to — .5 rather than — 1.0; the dif- 
ferences in the two catheter series are presumably 
due mainly to sampling error. 

Stroke volume and age 

There are only two considerable sets of data on 
age changes, and unfortunatel}'^ they are in com- 
plete disagreement. Starr’s ballistocardiograph 
data show a large decrement with age, Avhile 
Lewis’s acetylene data have hardly an}^ decrement 
at all (Table III). 

The disagreement in results is probably due to 
both sampling bias and to the difference in method. 
Lewis’s subjects on which the regressions are cal- 
culated covered the age range 40-79 and were 
selected as being health}' men free from cardio- 
vascular as well as other symptoms. It is perhaps 
not unreasonable to suppose that towards the end 
of the age span the subjects so qualified were those 
who had maintained fairly high cardiac outputs. 
Others, who would enter into lower age group 
standards as perfectly normal, and who subse- 
quently had suffered a (not unusual) decline of 
output might perhaps not be free of slight symp- 
toms. In short, there may have been selection 
for high cardiac outputs at the upper end of the 
age distribution. Secondly, in the acetylene 
method the amount of recirculated blood may well 
decrease with advancing age (27. 28. 30) and if 
so cardiac outputs would ajiiiear to increase. 
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Thus a true drop would be marked by an arte- 
factual rise. 

The only catheterization figure, from Cour- 
nand’s series of 13 subjects between the ages of 
21 and 52, agrees with the ballistocardiogram 
figure, but its standard error is so high that the 
agreement cannot be taken very seriously. Some- 
what in agreement’s favour, however, are the data 
from the low-frequency ballistocardiograph of 
Nickerson (8). The correlation of these results 
and catheterization was .83 (which corrected for 
attenuation reaches .9) and no change occurred 
with increasing age in the relation between the 
results secured by the two methods. 

There is on the other hand an argument in 
favour of the ballistocardiograph overemphasizing 
the decrement with age, and doing so in a way 
which may prove of great value to clinicians in 
the future. The area under the I and J waves 
reflects not only the stroke volume, but also the 
ejection curves of the ventricles (31). If the 
ejection curve changes, the formula for stroke 
volume becomes relatively inapplicable. Though 
as yet there does not seem to be any direct evi- 
dence that the ejection curve docs change with 
age, that it should do so would he entirely con- 
sonant with general ideas of aging, and indirect 
evidence may be found, j^erhaps, in electrocardio- 
graphic changes (32). Such a change must be 
of the sort which will lead to a diminution of the 
area under the 1 and J curves, even when the 
actual stroke volume remains constant. It must 
not. however, alter the ratio of the J area to the 
I area, since this remains more or less unchanged 
as age advances (Table III). To satisfy these 
requirements the nature of the change can be 
predicted on the basis of Hamilton's curves (31, 
Figure 8) to consist of a ventricular contraction 
of usual initial speed and force but less svistained 
than normal : and this seems not an unreasonable 
thing to occur with myocardial aging. 

Probably the true partial regression of stroke 
volume on age lies between .6 and .8 ml. per 
year, over the age range considered. This as- 
sumes a linear decrease of stroke volniue with 
age. which, though unlikely to be actually true, 
i' tile only assumption warranted bv the e.xtant 
data. It also implies the conclusion that the 
at teriuvi-nons oxygen dttterence rises with age. 


since the oxygen consumption correlation is only 
about — .3 (33) compared to the stroke volume 
figure of between — .5 and — .65. Pending fur- 
ther developments, it would be best to use the 
same regression for cardiac catheter method 
standards, if these are needed, as for the ballisto- 
cardiogram, remembering this may exaggerate the 
age effect slightl3\ There is great need for simul- 
taneous studies by the ballistocardiograph and 
catheterization methods upon normal subjects of 
different ages. When the position is clarified, it 
ma^f well be that one of the chief clinical valvies 
of the ballistocardiogram will lie in measuring not 
stroke volume, but myocardial changes and effi- 
ciency. 

Cardiac output and sex 

The only extensive data on the cardiac output 
of normal women are those of Starr, ^^'^hen the 
stroke volume of the 20-29 year old women is 
adjusted by means of equation B4 to the same 
surface area and heart rate as Starr’s 20-29 year 
old males, it is smaller than the male figure in the 
ratio .85. The corresponding ratio for the 30-49 
year old women is .89. 

The resting heart rate of women, on the other 
hand, is about \0% higher than that of men (14, 
25), and since heart rate is not related to body 
size, this is irrespective of size. Thus the cardiac 
output per minute would be more nearly the same 
than is stroke volume. The ratios for Starr’s 
groups are smaller than would be expected, prob- 
ably because the subjects have greater than basal 
heart rates; they are .87 and .91 for the two age 

o 

groups. 

Heart rate and stroke volume seem to be more 
independent in women than in men, but this result 
should be treated with reserve, as the difference 
between the two regressions lies only at the level 
of P = .075 even if the comparison is made with 
both Starr and Tanner male data. Stroke volume 
in women apparently declines somewhat less rap- 
idly with age than in men, and in this case the 
proI)aI)iIity of the regression difference having 
ari.sen by chance sampling is only 1 in 70 (P = 
.014). The equivalent partial regressions of car- 
diac outi)ut on age. however, are not significantly 
different. 
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Standards jar cathetcrication data 

The data are too meagre and in too little agree- 
ment to -warrant the creation at present of special 
catheter standards. It is recommended that the 
ballistocardiograph standards be used with cathe- 
ter data pending further developments, and with 
full realization of the possible errors incurred. 
The fact that in some disorders the ballistocardio- 
graph may give results widely different from the 
catheter, due to changes in the cardiac ejection 
curve, is irrelevant so far as .the use of normal 
standards is concerned : under such circumstances 
the ballistocardiograph standards would relate 
better to the catheter results than to the ballistic 
ones. With the latter, one can imagine a situa- 
tion where a true increase in stroke volume ma}' 
be accompanied by a weakened ejection, one fault 
compensating for the other. Ultimatel}' standards 
for the ejection curves themselves will have to be 
made. 

SUMMARY 

1. Ballistocardiographic cardiac output data, 
blood pressure, mouth temperature and somato- 
type are reported for 50 healthy young men at 
rest. 

2. The reliability of cardiac output methods is 
discussed, and it is shown that agreement between 
the ballistocardiograph and catheterization meth- 
ods is veri' good, if their respective reliabilities 
are taken account of. 

3. The present use of ratio standards such as 
per-weight and per-surface area involves a fallacy 
and leads to erroneous results, sometimes of prac- 
tical importance ; this is discussed. 

4. The construction of normal standards for 
cardiac outjnit by means of multiple regression 
equations is discussed and the appropriate stand- 
ards derived for the Starr ballistocardiograph 
stroke volume and cardiac output for men and 
women. Their clinical use is illustrated. 

5. To bring the Starr ballistocardiograph data 
into line with Cournand's catheterization values, 
it is recommended that, when aortic cross-section 
is dropped from the Starr wave area formula for 
stroke volume, the constant 33 be provisionally 
rejilaccd by 100. 
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INTRODUCTION 

Tile recent development of normal human serum 
albumin for intravenous administration has led to 
its use in treating clinical states marked by hypo- 
albuminemia, including chronic liver disease (1-4). 
Previous work with this therapeutic agent has 
been confined to relatively short-term studies. 
The present study was undertaken to determine 
the effect of salt-poor human serum albumin on 
ascites and edema in chronic liver disease when ad- 
ministered in sufficient amounts to raise the serum 
albumin concentration and maintain it at or near 
normal over long periods of time. The results 
of such therapy attempted in 29 patients with cir- 
rhosis of the liver are presented in this communi- 
cation. 

METHODS 

Patients were selected who had marked evidence of 
hepatic cirrhosis by history, physical examination, and 
liver function tests, and who had ascites, edema, and 
hypoalbuminemia. In a few patients the diagnosis was 
confirmed by liver biopsy or at post-mortem examination. 
In most instances patients were chosen in whom there 
was no response to other forms of therapy. In the ma- 
jority of cases, the need for repeated paracenteses was 
established before treatment was initiated. During the 
period of study no other therapeutic agents were given 

" The serum albumin used in this study was processed 
by the American National Red Cross from blood which 
it collected from voluntary donors. This is one of a 
series of investigations on serum albumin being carried 
out with material supplied by the American National 
Red Cross. As soon as sufficient data become available 
to justify final conclusions concerning its therapeutic value 
a full report to the medical profession on the use of serum 
albumin in medical practice will be published. 

- This study was aided in part by a gift to Harvard 
University from the .\bbott Laboratories. North Chicago, 
Illinois. 

■"Present address; .-Mbanv Hospital, .-Mbanv 1, New 
York. 

* U. S. Public Healtli Service Postdoctoratc Research 
Fellow. 


except for a nutritious diet which the patients were urged 
to eat. A few patients were given mercurial diuretics at 
infrequent intervals but with only a temporary effect on 
the course of their fluid retention. The salt-poor concen- 
trated (25 per cent) human serum albumin was given 
intravenously, diluted with an equal volume of 5 or 10 
per cent dextrose solution. Quantities of albumin neces- 
sary to raise the serum albumin concentration to between 
3 and 4 grams per 100 cc. varied ; usually from 50 to 100 
grams daily were given over a five to ten day period. 
The majority of patients received 75 grams per injection 
and thereafter 75 grams once, 50 grams twice or 25 
grams three times weekly. If marked improvement in 
ascites was not observed during the first ten days of 
treatment, maintenance injections were continued for from 
three weeks to eight months. In three patients the effect 
of a low sodium diet was studied during albumin therapy. 

Abdominal paracentesis was performed as necessary and 
whenever possible the protein concentration was deter- 
mined on the fluid obtained. The serum protein concen- 
tration and albumin and globulin fractions were deter- 
mined at weekly intervals ; total protein by micro-Kjeldahl 
analysis and albumin and globulin separation by Howe 
precipitation (5). Serum thymol turbidity (6) and serum 
bilirubin (7) were determined at weekly intervals. The 
percentage of bromsulphalein retention, 45 minutes fol- 
lowing a 5 mgm. per kilogram dose, was determined at 
less frequent intervals. Most of the patients were weighed 
daily and frequent abdominal girth measurements were 
made. The latter were found to correlate well with 
weight gain and ascites formation. 

RESULTS 

Twenty-nine patients received albumin in vary- 
ing amounts during periods of from four days’ to 
eight months’ duration. Table I sbow.s the sta- 
tistical results of the series. Twenty-five itatients 
had both edema and ascites before therajty wa.e 
begun and the remaining four had ascites alone. 
A history of heavy intake of alcoholic beverages 
was obtained in 25 cases, two atlmitted only a mod- 
erate alcoholic intake, while two tlenicd drinking. 
In nine cases albumin admini.stratinn bad to be 
stopped because of untoward reactions, lack of 
cooj)eratiou. or untimely demise. Therefore. <if 



TABLE 1 


Results of albumin administration to patients with cirrhosis of Ike liver 



1 

Total 

albumin 

given 

1 grams 

1 

1 

1 

Paracenteses necessary* [ 



Period of 
therapy 




Period of follow-up since therapy and end result 

Patient 

] 

Before | 

therapy | 

During 

therapy 

After 1 

therapy j 


Immediate improvemenl 


S. P. 

450 

6 davs 

1 ' 

i 0 

i 0 

1 0 

1 Free of ascites — 1 1 months. 

F. F. 

375 

5 davs 

1 0 

1 0 

1 0 ‘ 

Free of ascites — 5 months. 

S. H. 

1 

300 

6 dat’s 

1 

i 0 

1 

0 1 

i 

1 Died of bleeding varices 1 week after treat- 
ment. 

.I.G. 

400 

j 4 days * 

0 

1 

0 

1 1 

j Recurrence of edema and ascites after 0 wcek.s. 

1 Died in coma 4 months later. 

i 


Slou’ improvement 


G. D. 

1000 

3 months 

2(/d) 

0 


Free of ascites — 16 months. 

P. B. 

675 

5 weeks ' 

1 


0 

j Free of ascites — 10 months. 

.1. M. 

1075 

7 weeks 

8(/r) 


0 

[ Moderate ascites not requiring lap — 8 




1 ' 

: 1 


1 months. t 

A. D. 

1500 

6 weeks 

i 

0 ! 

0 

Recurrence of edema after 6 weeks. Free of 



1 


! 


[ ascites — 1 1 months. 

H. H. 1 

600 

8 days 1 

3(6) 

0 i 

1 

1 Recurrence of edema and ascites after 6 weeks. 


i 

i 

i 



Refractory to relreatment. Died of bleed- 




1 

1 

1 1 


1 ing varices during therapy. t 

1 





Delayed improvement 


J. s. 

1975 

6 months 

6(15) 

H24) 


1 Free of ascites — 6 months. 

W. M. 

3675 

7^- month.s 

H23) 

1 

1 6(2P) 

0 

Free of ascites — 8 months.! 


Improvement only with low sodium diet 


F. G. 

2405 

6 months i 

2(25) 1 3(33) 

1 i 

Died in coma 2 months later. 

V. L. 

i 1825 

2 months • 

2(14) 1 


Died of bleeding varices during therapy. 

C. M. 

1 

j 4000 

1 7 months 

[ 1 

[ 1 

2(15) 9(28) 

i 

Still refonning ascites — under treatment. 


Failure 


M. C. 

1750 

3 months 

2(30) 

7(15) 

4(79) 

F. G. 

350 

5 days 

3(3(7) 


0 

H. G. 

900 

3 weeks 

4(34) 


- 

N. C. 

900 

3 weeks 

5(16} 

2(7) 



U. A. 

525 

IS davs 

1 

1 

— 

1’. W. 

2.m 

4’ months 

_ 

1 

6(20) 

- 


Indeterminate 


Ascites increased with therapv. Died in 
coma 3 months later. 

No apparent early benefit. Died in coma 
2^ months later. 

No apparent benefit. Died of bleedinv 
varices 6 weeks later. 

Died in coma during therapy. 

Died of epista.xis 48 hours after last albumin. 
Died in coma during therapv. 


r. F. 

425 

1 12 days 

3(.?.?) 

J. c. ' 

450 

j 1 

! 7 da\ s 

1 

H.K. 

450 

' 9 <lav s 1 

2(/5) 

U.V. 

400 

1 26 da\s 1 

0 

U. U. 

.175 

’ 5 da\ s 

0 

1.. B. 

150 

2 da\ s 

4(30) 

I'A 

225 

1 6 da>- 

0 

V. M, 

150 

2 (lav - ! 

ft 

V 11. 

3(10 

1 2 d.i\ ' 

0 

' U> r.u. 

intiTv .1 

1 '1 Iw'iwi-vn 

ixrraci 

^ -i-'.im 

I'-ihini'i- 

-nuiif' uerc dun 

Mil tl 


1 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 






1 \ rogcnic reaction — con 
8 days later. 

Died during treatment from diphtheria in. 

fection of abdominal skin. 

Pleural fluid increased with therapr- Lef 
against advice— no follow-up ‘ 

' misXme-i‘''^''’r " therapy. Spontanc- 
us cliiire.sis. Free of ascites— 7 months 


given in iwrentlicsis. 
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tlie total nunilicr. 20 imticnts are considered to 
have had siililicicnt thera])}' and follow-np to de- 
termine the effect of treatment. Improvement 
was judged on tlie basis of diminution in ascites 
and edema and otlier signs of improvement clini- 
cally and by laboratory tests. There was often a 
discrepancy between the decrease in fluid retention 
and improvement in other manifestations of liver 
disease. In this study the change in ascites and 
edema was used as the prime criterion of improve- 
ment. 

The results presented in Table I can be di- 
vided into four main types: (1) immediate im- 
provement with diuresis seen within the first ten 
days of treatment; (2) slow improvement with 
fluid retention disappearing (diuresis taking place) 
during one to three months of therapy; (3) de- 
layed improvement with relief of ascites and 
edema occurring over six and eight month pe- 
riods; and (4) failure to improve. Three pa- 
tients were treated with a low sodium diet in con- 
junction with the albumin and are therefore 
classed separately. 

Prompt diuresis occurred in four patients with 
complete relief of ascites and edema (Table I). 
This took place during or immediately following 
the administration of from 300 to 450 grams of 
albumin. Weight loss began in each instance be- 
fore a sustained rise in serum albumin concentra- 
tion was detected. The course of one patient 
typical of the group is shown in Figure 1. It can 
be seen that weight loss began in this patient be- 
fore the serum albumin concentration rose above 
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3.0 grams per 100 cc. Edema and ascites re- 
curred in one patient with this type of response 
six weeks after therapy was stopped. Iinproi'e- 
ment was apparently permanent in two others 
who have been followed for five and 11 months, 
respectively. The fourth patient had a fatal hem- 
orrhage from esophageal varices one week after 
the last administration of albumin. 

Definite improvement at a slower rate was seen ' 
in five patients after therapy had been continued 
for from eight days to three months (Table I). 
The response shown by this group is t 3 'pified by 
the findings in one patient (G. D.) shown in 
Figure 2. Of these five patients, recurrence of 
ascites and edema took place in one (H. H.) ap- 
proximately six weeks after the last injection of 
albumin. This patient was subsequently refrac- 
tor}' to retreatment and died of hemorrhage from 
esophageal varices during therajiy ajijiroximatel}' 
five months after the initial albumin was given. 

A second patient (A. D.), although free of ascites 
for 11 months, noted a recurrence of pcrijiheral 
edema six weeks after the cessation of albumin. 
Varicose veins in both lower extremities undoubt- 
edly contribute to the edema in this patient. Tlie 
improvement of the remaining three is maintained 
at eight, 10. and 16. months' follow-u]) examina- 
tions. 

The two patients in whom disappearance of 
ascites and edema occurred only after jirolonged 
treatment received alinimin injections <iver pe- 
riods of si.x and eight months, respect iveh' (Table 
I). .At the end of this time each had stojjjx-rl re- 
forming ascites in spite of having required numer- 
«>us paracenteses beff)re and flnring treatnvn;. 
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One of these patients, J. S., seen six months after 
therapy was discontinued, showed no ascites in 
spite of the resumption of a large intake of alcohol, 
and the second has been seen eight months after 
cessation of albumin therapy, still free of ascites. 
The hospital course of the first of these is shown in 
Figure 3. It may be seen that electrophoretic 
analysis •’ of the serum albumin concentration was 
generally lower than that determined by the Howe 
separation. Thus, the level at which the serum al- 
bumin was actually maintained was considerably 
lower than was supposed. Moreover, reaccumula- 
tion of fluid ceased coincident with a rise in serum 
albumin concentration (electrophoretic analysis) 
which was not associated with an increase in al- 
bumin administered. Whether this rise resulted 
from cessation of ascites formation and removal, or 
from increased production of albumin by the liver, 
cannot be ascertained from these data. The in- 
elTectiveness of albumin in the amount adminis- 
tered is demonstrated. 

Because of rajhdly reforming ascites in spite of 
albumin administration, three patients were treated 
with low sodium diets while receiving mainten- 
ance injections of allmmin (Table I). One of 
these was well controlled without paracentesis for 
two months while previously he had required 
jKiracentesis at two-week intervals. At the end of 
this period, five days after the last albumin ad- 
\uinistration. he bled from esophageal varices and 

■ I\-r cent Ml the total vervim protein (Kjeklahl) ap- 
t'earinu a' allniinin in tlie Tir^elins pattern. The authors 
cNpre'' their appreciation to Dr. I'rank H. Clarke, 
l.nterle l,ahoratorie< Divi-.ion, .-\inerican Cyanainid Com- 
Pearl River. New York, for these determinations, 
il'.e low '■Hlinin diet provided approximately 100 
cram- ptotiin ami calorie- hut only 21 inF-tp Na 

' I vr.iiU' NuCD daily. 


expired. A second patient was followed for eight 
months, during which time only one paracentesis, 
three months after the diet was begun, was re- 
quired. Previous to the low .-.odium regimen, in 
spite of albumin therapy, jiaracentesis had been 
necessary twice a month. Figure 4 shows part of 
the course of the latter patient. The third patient, 
now under treatment for seven uK)nths, continues 
to reform ascites but at a considerably reduced 
rate while receiving a diet restricted in sodium. 
The importance of sodium in cirrhosis has been 
the subject of a separate investigation (8). 

Despite continued therajiy with albumin for 
from five days to four months, six of the 20 pa- 
tients in wdiom the effect of albumin could be evalu- 
ated must be considered failures. During the pe- 
riod of treatment the attainment of significantly 
increased serum albumin concentrations did not 
improve ascites although edema of the lower ex- 
tremities was decreased. The end results and 
reasons for cessation of therapy in this group of 
failures are shown in Table I. Reformation of 
ascites was accentuated in one patient by albumin 
administration, as shown in Figure 5. None of 
this group is still living. 

An indeterminate group also included in Table I 
has been so classified because treatment could not 
be continued or the follow-up w^as insufficient to 
enable judgment of the result. None of these pa- 
tients is now' receiving albumin. Two may be 
considered to have received some benefit but other 
factors cannot be definitely ruled out. One pa- 
tient, B, B,, began to form ascites while recovering* 
from jaundice after a prolonged bout of drinking. 
During the five-day period when albumin was 
given, weight loss occurred but this may have been 


CO 

|■pAuaNTcvs IT 


WDOHT ‘S' 

LBS « 

-"H 1 

tOEMA -r 


ASCITES + 


StRUV 

PROTCi.N 

total 


albuv-j 

/ / N 

1 

ALBuU *1 ^ 

OATS 

, CEUERtl. Diet ' 1 SODIUM Diet 

■ , 90 too no 


Fig. -} 





EVALUATION OF HUMAN SERUM ALBUMIN IN LIVER CIRRHOSIS 


587 



Fig. 5 

f 


spontaneous. The second, F. H.. was a patient 
with known esophageal varices for which a spleno- 
renal anastomosis had been done. Post-opera- 
tively, ascites formation becaipe apparent and al- 
bumin ivas tlierefore administered, '^^^eight loss 
and disappearance of the peritoneal fluid took 
place but the factor of diminished portal pres- 
sure following the shunt procedure may have been 
operative in this case. 

Untozmrd effects of albumin administration 

The intravenous administration of concentrated 
albumin as a therapeutic agent in cases of hypo- 
proteinemia has been accompanied by certain un- 
toward reactions which should be emphasized. In 
this series of 29 cases, reactions which albumin may 
have precipitated were seen in ten. As mentioned 
above, fatal hemorrhage from esophageal varices 
occurred in three patients during the period of al- 
bumin therapy. One occurred one week after 
the last previous albumin infusion, one five days 
after, and the third patient had hematemesis six 
hours after an infusion which was pyrogenic. Al- 
though in cirrhosis with varices hemorrhage ma}^ 
occur at any time, albumin may have been a pre- 
cipitating factor by increasing the plasma volume 

(9). 

Hematemesis occurred in one patient after al- 
bumin administration, with recovery. Subse- 
quently, a duodenal ulcer was demonstrated as the 
probable source of the bleeding. In a patient with 
frequent epistaxis prior to treatment, fatal hemor- 
rhage from the nose took place after he had re- 
ceived 525 grams of albumin over an 18-day pe- 
riod. Such incidents as these two must also be 
considered possilile sequelae of albumin therajiy. 

One patient (P. M.) with a previous history of 
cardiac failure during an attack of acute glomer- 
ulonephritis developed iiulmonary edema during 


the second daily infusion of 75 grams of albumin, 
although he showed no physical signs of cardiac 
disease at the beginning of treatment. He died in 
cardiac failure 12 hours thereafter. A 65-year-old 
female also developed pulmonary edema during 
the second day of albumin therapy (75 grams 
daily) ; albumin was discontinued and she re- 
covered. Two patients, both elderly women, devel- 
oped pleural effusion while receiving albumin and 
required thoracenteses. In the first (H. K.), 
severe dyspnea was noted after one week’s ad- 
ministration and treatment was discontinued, while 
the second (E. G.) showed slowly progressive 
dyspnea in spite of the maintenance of a low so- 
dium intake. Cessation of albumin therapy re- 
sulted in control of pleural fluid formation. '\^''ith 
the exception of the first of these patients, P. M., 
no history or sign of cardiac disease had been noted 
prior to treatment and cessation of therapy was 
not followed by residual signs of heart disease. 
However, the dyspnea seen in patients H. K. and 

E. G. was due to the pleural effusion and probably 
was not of cardiac origin. 

Pyrogenic reactions following albumin adminis- 
tration have been rare, and in no case has the al- 
bumin supplied been directly implicated. How- 
ever, the dangers of such pyrogenic reactions in 
advanced cirrhosis are amply illustrated by the one 
fatality occurring under these circumstances. C. 

F. , a 56-year-old female, received albumin for 12 
days with what appeared to be a good response. 
On the 12th day she was given '50 grams of al- 
bumin mixed with liver extract and glucose solu- 
tion. A severe chill and fever followed and hepatic 
coma ensued from which she did not recover. No 
instances of homologous serum hepatitis were ob- 
served following the intravenous administration of 
human serum albumin in this study. 

Factors influcncinf/ the retention of albumin 

In attempting to determine which jiatients with 
cirrhosis will show a diuresis following albumin, 
the number of paracenteses necessary, the effect 
of entry of albumin into the ascitic fluid, and the 
amounts of protein lost in ascitic fluid when jiara- 
centesis is neces.sary have been analyzed for the 
jiatients in this series. In addition, a stu'iy was 
carried out of the efficacy of a low sodium iliet in 
reducing the transfer of albumin into a'^citic fluid, 
and .subsequent loss by jiaracentesi.-. 




588 


W. W. FALOON, R. D. ECKHARDT, T. L. MURPHY, A. M. COOPER, AND C. S. DAVIDSON 


The relationship between the number of para- 
centeses necessary before albumin therapy and 
the response obtained after treatment is shown in 
Table I. As can be seen, the patients who had not 
yet reached the stage where paracentesis was ab- 
solutely necessary had an immediate diuresis when 
given albumin. In these subjects, the edema of 
lower extremities, penis and scrotum was massive 
while the ascitic fluid collection was not usually 
severely distressing. Comparing the groups who 
responded to therapy with those showing no re- 
sponse, only seven of the 11 patients who were 
improved had previously required one or more 
paracenteses while all of the patients who required 
the use of a low sodium diet or who failed to im- 
prove had had paracentesis prior to treatment. If, 
as is generally accepted, the necessity for abdom- 


inal fluid removal is an indication of the severity of 
liver disease, then it is apparent that those patients 
whose disease is more severe have the poorest 
therapeutic result when albumin is given. 

Mankin has shown that the osmotic pressure 
changes of ascitic fluid and serum parallel each 
other under varying conditions in patients with 
liver disease and ascites (10). The protein values 
of serum and ascitic fluid obtained from 15 pa- 
tients in this series before and during albumin 
therapy are listed in Table II. The total protein 
concentration in the ascitic fluid rose in all pa- 
tients as albumin was administered intravenously. 
Moreover, this occurred in patients F. F. and J. G., 
both of whom bad a prompt diuresis with disap- 
pearance of ascites and edema. The protein con- 
tent of edema fluid (obtained by Southey tubes) 


TAULE II 


Changes in protein concentration of ascitic fluid and serum during albumin administration 


I’atioiil 

Total 

nibiitnin 

Interval 

between 

determina- 

tion? 

iliiys j 

Serum total protein 
grams! too rc. 

Scrum albumin 
gramsIJOO cc. 

Ascitic fluid total protein 
gramsHOO cc. 

1 given 

grams 1 

1 Before 

therapy 

1 

1 During 1 

i therapy 

1 1 

Before 

j therapy j 

During 

1 therapy 

1 1 

i Before 

therapy j 

During 

1 therapy 

1 


Immediate improvement 


r. F. 

I. G. 

1 

.175 1 

400 j 

5 

4 

5.8 

6.,1 

6.1 

5.8 

1.8 

2.0 

3.6 

3.1 

0.6 

0.8 

2.0 

2.0 




Slow improvement 




G. 1). 

; 1 

1 i 

6 i 
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1 j 

7.0 ' 

2.7 

3.9 

0.8 
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1’. H. 

1 ,175 1 
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6.7 

7.0 

2.2 

4.3 

1.2 

3.6 

J. M. 

4.50 
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5,5 

7.0 ! 

2. .5 1 

4.1 

* 1 

4.0 

11. H. 

i .100 i 

i 

0 

6.4 

7.,1 

1.9 

4.1 

0.5 

2.1 




Delayed improvement 




I. S. 
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15 

6.5 j 

6.2 

.1.2 

3.7 

1.3 

2.4 

W. M. 

.100 

25 

! 4.7 

1 

6.8 

1 

1 1.7 

2.8 1 
1 

1.6 

3.1 


Improved only with low sodium diet 


!•:. G. 

V. L. 

C. M. 
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<) 
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1 i 
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1.5 
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4.6 

H — 
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TABLE III 


Changes in protein concentration of edema fluid, ascitic fluid, and serum in 
three patients with prompt diuresis during albumin administration 


Patient 

Albumin ad- 
ministered 
between de- 
terminations 

Day of 
study 

Serum 

Ascitic fluid 

Edema fluid 

Total protein 

Albumin 

Total protein 

Albumin 

Total protein 

Albumin 


Rrams 


gramsiJOO cc. 

grams f too cc. 

grams! 100 

gramsflOO cc. 

gramsflOO cc. 

gramsflOO cc. 


0 

0 

5.8 

1.8 

0.6 

0.0 

0.1 

0.0 


75 

1 

6.1 

1.5 

0.7 

0.0 

0.2 

0.0 

F. F. 

75 

2 

5.8 

2.0 

1.1 

0.3 

0.2 

0.0 


75 

3 

5.7 

3.2 

1.2 

0.4 

1.0 

0.3 


75 

4 

5.4 

2.3 

2.1 

0.5 

0.8 

0.3 


75 

5 

6.1 

3.6 

2.0 

1.4 

1.1 

0.6 


0 

0 

6.3 

2.0 

0.8 

0.3 

0.2 

0.0 


100 

1 

6.2 

1.6 

0.9 

0.3 

0.4 

0.0 

J. G. 

100 

2 

6.0 

2.5 

0.9 

0.3 

1.0 

0.2 


100 

3 

6.6 

2.5 

1.9 

0.5 

1.4 



100 

4 

5.8 

3.1 

2.0 

0.5 

* 

* 

S. P. 

0 

0 

5.7 

1.7 

0.8 

0.0 

0.2 

* 

450 

11 

6.3 

2.3 

* 

* 

0.7 

* 


* Determination not done. 


from these two patients and from a third, S. P., 
also rose during treatment (Table III, Figure 6)." 
It is apparent that the entry of protein into the 
ascitic fluid occurred regardless of the final re- 
sult and that a rise in protein content of edema 
fluid did not interfere with its reabsorption. 

The entry of protein into the ascitic fluid is a 
source of protein loss in patients with cirrhosis be- 
cause of repeated removal by paracentesis.® The 

A. variable and undetermined portion of the increase 
in concentration of protein in the edema fluid and ascitic 
fluid of patients undergoing rapid diuresis may result 
from more prompt reabsorption and mobilization of the 
water and electrolytes than of the protein. It is impossi- 
ble to ascertain, therefore, to what extent the intra- 
venously administered albumin contributed to the final 
concentration by its entry into these fluids. 

® .-Mbumin administered intravenously does not u.sually 
appear in the urine as whole protein. .-Mtbough a large 
portion of injected albumin may be excreted into the urine 
of patients with preexisting renal disease, only a negli- 
gible amount escapes through the normal kidney even 
after several days of repeated daily infusions. Deter- 
minations for protein were made in the urine of several 
of the patients in this .study. .\ total proteinuria of 5 to 
10 grams was occasionally noted during the initial period 
when approximately 500 grams of albumin were admin- 
istered within a week to raise the serum albumin concen- 
tration to normal, but was not subsequently observed 
while maintenance injections of approximately 75 grams 
weekly were required to maintain the serum albumin 
concentration. Thus, the loss of albumin into the urine 
of the patients rei)orted in this study did not constitute a 
significant loss of administered protein. 


total protein lost in ascitic fluid removed was com- 
pared in five patients with the total amount of 
albumin administered since the previous paracen- 
tesis. The results of this “balance” between 
parenteral protein administered and ascitic fluid 
protein removed are shown in Table IV. While 
it is realized that this is but a rough estimate and 
is subject to many variables, it may be seen that 
the total loss of protein by entry into the ascitic 
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TABLE IV 


Prolein loss in ascitic fluid during albumin administration 


Patient 

Interval 

between 

paracenteses 

Fluid 

removed 

Protein 
concentra- 
tion of 
ascitic fluid 

Total 

protein 

1 lost 

1 

.Albumin 
given be- 
tween 
para- 
centeses 


days 

liters 

gramsIlOO cc. 

1 



19 

15.0 

1.3 

195 

425 


19 

10.5 

1.8 

1 189 

0 

J.S. 

22 

18.5 

2.4 

444 

450 


27 

18.0 

1.6 

288 

200 


1 Total 

1 

1 


1116 

1075 


18 

16.0 

3.1 

496 

250 


18 

13.0 

2.2 

286 

175 


9 

9.0 

3.0* 

270 

450 

W. M. 

37 

13.0 

4.1 

533 

375 


40 

14.0 

4.0* 

560 

675 


49 

14.0 

4.1 

574 

1125 


Total 



2719 

3050 


12 

9.0 

1.7 

153 

150 

H. H. 

33 

10.1 

3.2 

323 

800 


12 

10.5 

2.3 

242 

150 


Total 

1 1 


718 

1100 


7 

8.0 

2.2 

176 ' 

350 


21 

14.0 

2.0 

280 

150 


11 

8.2 

2.3* 

189 

200 

M. C. 

21 

15.0 

2.6 

390 

200 


17 

12.0 

2.7* 

324 1 

400 


9 

17.5 

2.8 

490 

375 


Total 


1 

1849 

1675 


6 

7.5 

2.0* 1 

150 

450 


49 

11.0 

2.7 

297 

750 

r. w. 

17 

15.0 

2.5* 

375 

375 


11 

15.0 

3.0 

450 

450 


21 

15.0 

2.3 

1 

345 

325 


Total 



1617 

2350 


* Estiinalccl — clcterminalion not done. 


fluid during albumin therapy is large and may even 
surpass the amount of protein given intravenously 
aS albumin. 

The formation of ascites was not improved in 
three patients in this series by the intravenous ad- 
ministration of albumin until a low sodium diet 
was simultaneously provided (Table I). It was 
observed that reducing the sodium intake slowed 
the formation of ascites, prolonged the period be- 
tween paracenteses, and thus diminished protein 
loss. Table V shows the findings in two of the 
patients given albumin to maintain normal serum 
albumin concentrations. Ascitic fluid was col- 
lected when paracentesis became necessary, both 
after a period of high salt intake and again after a 
period of low salt intake. Although the protein 
loss in ascitic fluid was not markedly changed in 
quantity at any one paracentesis, it is apparent 
that the period between paracenteses was pro- 
longed by the low sodium diet and that less albu- 
min per day was required to maintain the serum 
albumin at normal concentrations during the low 
sodium period. 

Changes in liver junction tests jollozving olhiiinin 

administration 

The effect of albumin administration on three 
liver function tests is shown in Table VI. Serum 
bilirubin and thymol turbidity were determined at 
regular intervals whereas bromsulphalein reten- 
tion was done less frequently. The results were 
extremely variable and no consistent picture was 
shown. It has been demonstrated (11, 12) that 


TABLE V 


Conservation of albumin with low sodium diet 



E. G. 

C. M. 

fnre>trictcd salt intake 

Low sodium intake 

tTircstrictcd salt intake 

Low sodium intake 

Interval iretween i)aracente>c? 
(.days) 

23 

75 

29 

39 

Total allnnnin ^iven intra- 
venously 

(crup.-i) 

525 

1125 

975 

525 

.\verai;e albumin yiven intra- 
venoii'-U' (l.iily 

22.S 

15.0 

33.6 

13.5 

I’rot,.;,! removed in awitic fluid 

300 

(T.P. 3.0 grains ' 7) 
(10.0 liters) 

258 

(T.P. 3.0 crams ' 7) 

(S.6 liter.s) 

444 

(T.P. 3.7 crams ' f) 
(12.0 liters) 

468 

( I .P. 3.1 cram.s %) 
(15.1 liters) 
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TABLE VI 

Liver function tests before and after albumin administration* 


Patient 

Interval be- 
tween deter- 
minations 

I mouths 

Total serum bilirubin 
mgm.fJOO cc. 

Thymol turbidity I 

cc, BaSOi 1 

Bromsulphalein retention 

% 

Before therapy 

1 After therapy 

t 

Before therapy 

After therapy 

Before therapy | 

1 

After therapy 

Immediate improvement 

S. P. 

1 


2.7 

1.1 

2.2 


25 

F. F. 

1 


2.4 1 

2.5 

1.8 



J. G. 

1 


8.3 1 

3.3 

3.0 

31 

1 


Slow improvement 


G. D. 

3 

6.5 

4.0 

3.1 

2.1 



P. B. 

2 

3.8 

1.2 

4.4 

3.7 

1 

42 

J- M. 

2 

0.4 

0.8 

1.3 

2.6 

16 

16 

A. D. 

2 

2.8 

4.3 

4.2 

1.6 

42 


H.H. 

1 

6.0 

3.8 

1 

3.0 

2.4 

1 

1 


Delayed improvement 


J. s. 

6 

0.3 

1 1 

' 1.4 

1.5 

1.7 

32 

32 

W. M. 

8 

0.4 

1.1 

1 

2.4 

2.3 

24 

18 

Improved only with low sodium diet 

1 

E. G. 

8 

1.4 

2.7 

1.2 

1.8 

43 

36 

V. L. 

2 

0.4 

0.5 

2.5 

2.5 



C. M. 

1 

7 

1.0 

1.5 

4.7 

1.7 

1 


Failure 

M. C. 

4 

0.6 

1.2 

2.1 

0.6 

36 

48 

P. W. 

5 

3.7 

1.9 j 

3.6 

1.8 

36 

52 


* Normal values: B.S.P. — Less than 5% retention (5 mpm. dye per kilogram body weight). Bilirubin — Less than 
1.0 mgm./lOO cc. Thymol Turbidity — Less than 1.7 cc. BaS 04 


serum albumin will alter the thymol turbidity. 
Therefore, the apparent improvement in this test 
shown by some patients is not reliable nor indica- 
tive of the true state of liver function. There was 
a tendenc 3 L however, for the serum bilirubin con- 
centration to decrease in those patients who had a 
prompt diuresis with loss of ascites and edema. 
It can also be seen that some patients with nearly 
normal bilirubin before treatment did not show 
improvement in fluid retention. In the patients 
on whom bromsulphalein tests were done before 
and after treatment no significant change appeared 
even though loss of edema and ascites was effected 
b\' treatment in some. 

DISCUSSION 

The use of concentrated albumin in the treat- 
ment of edema and ascites associated with hypoal- 


buminemia has been viewed with optimism on 
theoretical grounds. Encouraging results were 
obtained by Kunkel (3) early in the study of its 
use in cirrhosis of the liver but the results of 
Thorn e( al. (2), and Patek ct al. (13) have borne 
out the original conservative estimate of its value 
made by' Janeway and his co-workers (1). The 
series reported here reveals that a wide range of 
results may be obtained even when patients are 
treated over long periods of time. Although 
striking improvement was seen in a few patients, 
the relatively poor effect in 1 1 out of 20 patients 
studied (not including nine patients in wlioin the 
effect of albumin could not be satisfactorily evalu- 
ated) lea’ds to a similar conservative estimate of 
the .efficacy of albumin therapy in chronic liver 
disease. The fact that some patients in our serie.- 
improved alter the prolonged administration of 









































592 


W. W. FALOON, R. D. ECKHARDT, T. L. MURPHY, A. M. COOPER, AND C. S. DAVIDSON 


albumin suggests that such improvement may have 
been the result of dietary treatment alone. Fur- 
thermore, since it has been shown that albumin ad- 
ministered intravenously can be utilized as a pro- 
tein nutrient (14), some benefit was undoubtedly 
derived from this nutrient effect of albumin. How- 
ever, albumin is neither a specific for the treat- 
ment of the fluid retention nor the underlying liver 
disease. 

The most economical use of albumin is obtained 
when the diet is low in sodium, since the formation 
of ascitic fluid and loss of protein is greatly re- 
duced by this means. This is in disagreement with 
Armstrong (15) who has minimized the impor- 
tance of a low sodium intake in the treatment of 
liver disease. As the data presented here indi- 
cate, the removal of ascitic fluid containing 300 
grams of protein may involve the waste of between 
100 and 200 grams of albumin. A high intake of 
salt and water increases the formation of ascites. 
If ascitic fluid is present in large quantities or is 
rapidly forming, the entry of albumin into the fluid 
drains protein from the serum in larger quantities 
than would he the case were ascitic fluid present 
in small quantities or its formation diminished by 
measures such as sodium restriction. Further- 
more. to maintain a given serum allnimin concen- 
tration. loss albumin is required when its loss into 
ascitic fluid is minimized by reducing the rate of 
formation of ascites. A low sodium diet is of most 
benefit to those jiatients who require repeated 
jiaracenteses. However, when albumin therapy is 
being initiated in a case of anasarca, a diet low in 
sodium should yield the most efficient use of al- 
bumin. regardless of the final re.sponse. 

The mechani.sm liy which concentrated albumin 
induces a diuresis is not clear, .-Mlnimin adminis- 
tration undoubtedly increases the serum osmotic 
]iressure. Fvidence .suggei^ting that this is an im- 
portant factor is the observation of Thorn ct al. (2) 
and substantiated here, that ]ieri])heral edema is 
most ea^ilv mobilized when therapy is begun. The 
importance of the osmotic factor is minimized, how- 
ever. hv the finding of increa^ed concentrations of 
protein in the edema and ascitic fluid when albumin 
i' given intravenously. 1 lie increase in ascitie 
fluid protein thus produced would appear to cm- 
phavt.H- the imju.rtance of portal hypertension as 
c'.iU'ative factor in ascites formation. It should 
p-.ime,l ,,ut. however, that the passage of pro- 


tein into ascitic fluid following intravenous albumin 
took place even in patients undergoing a rapid 
diuresis. It seems likely that factors in addition' to 
lowered serum osmotic pressure and portal hyper- 
tension are operative in the retention of fluid in 
cirrhosis of the liver. Patek has shown in a limited 
series of studies that there is increased renal blood 
flow and glomerular filtration when albumin is ad- 
ministered (13). presumably resulting from the in- 
creased plasma volume. This may hasten salt and 
water excretion by the kidney. Further studies 
of renal function in cirrhosis both before and dur- 
ing albumin therapy are clearly indicated. 

The occurrence of harmful effects from albumin 
therapy must be emphasized. Since a majority of 
patients with cirrhosis are over the age of 45, and 
are therefore subject to possible degenerative 
heart disease, it may he expected that a rapid in- 
crease in plasma volume such as is produced by al- 
bumin may result in cardiac complications. 

Finally, the augmented plasma volume following 
albumin administration may increase the burden 
upon esophageal varices and precipitate rupture 
and hemorrhage. Such an occurrence may have 
been the cause of death in three patients in this 
series. In view of such incidents albumin should 
he administered cautiously and heroic efforts to 
raise serum albumin levels above normal are to 
lie avoided. 

SUMMARY AND CONCLUSIONS 

1. Concentrated salt-poor human serum albu- 
min was administered intravenously to 29 patients 
with cirrhosis of the liver who had fluid retention. 
Tlie albumin was administered over periods vary- 
ing from four days to eight months. The data were 
considered suitable for analysis in 20 of the pa- 
tients. Of these, four patients had an immediate 
diuresis with loss of ascites and edema, five had a 
slow response in from one to three months, and 
two recovered from ascites and edema after pro- 
longed treatment of six and eight months, re- 
sjiectively. Nine patients must he considered fail- 
ures although the fluid retention was partially 
controlled in three by the use of a low sodium diet. 
The tour patients wlio underwent immediate im- 
lirovement had not required jiaracentesis before 
allmmin theraiw and had massive edema. Diuresis 
might have occurred subsequently in these pa- 
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tients from a nutritious diet alone. Nevertheless, 
albumin administration was effective by inducing 
an immediate, rapid diuresis, beginning before 
the serum albumin concentration reached normal. 
The slow response in seven patients cannot be 
definitely attributed to the albumin administered 
as the other therapeutic measures used con- 
comitantly might have given as satisfactory results. 

2. Fatal hemorrhage from esophageal varices 
was coincident with, or shortly followed, albumin 
administration in three patients. Severe epistaxis 
and bleeding from a duodenal ulcer may have been 
induced by this therapeutic measure. Pulmonary 
edema and pleural effusions were observed as un- 
toward effects, presumably attributable to albumin 
therapy. The use of this form of therapy, espe- 
cially in elderly or cardiac patients, or in the pres- 
ence of known esophageal varices, is dangerous 
and caution should be exercised. 

3. Albumin entered the ascitic and edema fluid 
following its intravenous infusion whether diuresis 
occurred or not. The total protein content of the 
ascitic fluid rose in approximately parallel fashion 
with the rise in serum albumin. During a given 
period between paracenteses in five patients the 
protein lost in the ascitic fluid approximated the 
amount of albumin administered intravenously. 

4. Ascitic fluid formation was found to be re- 
tarded by a low sodium diet in three patients, and 
thus the loss of albumin by paracentesis was re- 
duced. Sodium restriction allowed the mainte- 
nance of normal serum albumin concentrations 
more economically than did a diet unrestricted in 
sodium. 

5. Serial serum bilirubin, thymol turbidity and 
bromsulphalein tests showed no consistent change 
during or after treatment with albumin. Re- 
covery from ascites and edema was seen to pre- 
cede the return of liver function tests to normal 
values. 

6. It is concluded that concentrated salt-poor 
human serum albumin, under the conditions of 
this study, is neither specific for the relief of as- 
cites nor markedly beneficial in the treatment of 
the underlying liver disease. In view of the to- 
riety of results obtained with concentrated hu- 
man serum albumin in patients with cirrhosis of 
the liver, it is concluded that other factors in ad- 
dition to a reduced serum osmotic pressure, as 


represented by decreased serum albumin concen- 
trations, are active in the retention of fluid. 

The authors wish to thank Alice N. Ballou, Catherine 
M. Murphy, and Ellen V. Cobino for their technical 
assistance. 
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The relative importance of the serum albumin 
concentration, portal hypertension, and antidiu- 
retic substances in the formation of ascites and 
edema in patients with cirrhosis of the liver has 
not been clarified. There is evidence, however, 
that each of these factors is important (1-3). 

In an effort to eliminate the factor of hypoal- 
buminemia, salt-poor concentrated human serum 
albumin has been given intravenously. Although 
the serum albumin concentration may by this means 
be raised to normal, the edema and ascites have not 
been consistently relieved (4—7). Moreover, im- 
provement in ascites and edema is observed in 
some instances with mercurial diuretics or simply 
by furnishing a nutritious diet alone (8, 9). In 
an attempt to find an abnormality common to these 
patients and consistently altered by the apparently 
unrelated therapeutic agents, the studies of sodium 
excretion and balance reported here were under- 
taken. 

METHODS 

^The 11 patients studied had ascites and' edema asso- 
ciated with cirrhosis of the liver, established by history, 

lA preliminary report of this investigation was pre- 
sented before the national meeting of the American Fed- 
eration for Clinical Research, Atlantic City, N. J., Mav 4 
1948 (Am. J. Med., 1948, 5, 623). 

2 The serum albumin used in this study was processed 
by the American National Red Cross from blood which it 
collected from voluntary donors. This is one of a series 
of investigations on serum albumin being carried out with 
material supplied by the American National Red Cross. 
As soon as sufficient data become available to justify final 
conclusions concerning its therapeutic value a full report 
to the medical profession on the use of .serum albumin in 
medical practice will be published. 

3 This study was aided in part by a gift to Haiward 
University from the Abbott Laboratories, North Qiicago, 
Illinois. 

< Present address; Albany Hospital. Albany 1, New 
York. 

®U. S. Public Health Scrs-ice Postdoctoratc Research 
Fellow. 


physical examination, liver function tests, and occasionally 
by needle biopsy. Six patients had had a previous trial 
with intravenous albumin when the diet was unrestricted 
in sodium without marked response (patients V. L., 
W. M., C. M., H. H., A. McM., and J. McC.). The 
others were observed for two or more weeks on an un- 
restricted diet and no tendency for spontaneous improve- 
ment had been shown at the time studies were begun. 
None of the patients showed evidence of co-e.xisting 
cardiac or renal disease. 

With the exception of experiment No. II (S. P.), a 
low sodfum diet was used. To increase the protein and 
caloric content of the diet, 150 grams of salt-poor milk 
powder containing 45 grams of protein mixed with water 
were used in place of milk,® By calculation,’ the diet 
contained 100 grams of protein, 3,000 calories, and only 
21 mEq. (O.S grams) of sodium daily, and was well tol- 
erated by the subjects. The sodium contained in the 
albumin solution® was added to the sodium intake. Pa- 
tients who received added sodium were given weighed 
amounts of salt and were either instructed to use it daily 
on their food or it was mixed in food and fluids consumed. 

All patients were carefully followed on the Thorndike 
metabolic ward, with nurses and a dietitian in constant 
attendance. Strict control of each patient’s dietary intake 
and urinary output was maintained throughout the study. 
All patients were allowed to drink water freely, and the 
daily fluid (liquid) intake was recorded. Fluid balance 
measurements obtained by differences between the fluid 
intake (liquids plus estimated fluid ingested in the diet) 
and fluid output (urine plus estimated fluid lost via the 

* "Lonalac,” supplied by Mead Johnson and Company, 
Evansville, Indiana. Each ISO grams of powder contains 
approximately 0.7 mEq. (IS mgm.) of sodium. 

’It has been pointed out (10) that diets analyzed for 
sodium usually contain more than the amount calculated. 
This, in addition to the fact that strict control over the 
use of canned foods was not always possible, constitutes 
probable sources of error in our calculation of sodium 
balances. As will be seen, however, these factors merely 
accentuate the retention of sodium shown in these patients. 
Thus, when sodium equilibrium is shown, there is prob- 
ably in reality a slight positive sodium balance. 

® The sodium contents of the lots of albumin used were 
obtained through the courtesy of Dr. Diaries A. Janc.vay, 
Dnldren’s Hospital, Boston. Each 25 grams of albu.min 


contains approximately 15 mEq. (0.3 gram) o: s'>!i' 
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stools, lungs, and skin) are variable and unreliable. Since 
all patients in this study were weighed daily under similar 
conditions, it was considered that changes in body weight 
reflected more accurately changes in fluid retention in the 
body than did the difference between the fluid intake and 
the urine output. 

Urine sodium excretion was determined daily except 
for a few studies in which the urine was analyzed in 
three- or four-day pools. The method of Consolazio and 
Dill was used (11). The extrarenal sodium loss was 
estimated to be constant at 20 mEq. per day (12-14). 
The studies were carried out during the winter months 
so that perspiration was. minimal. 

Concentrated salt-poor human serum albumin (25 per 
cent solution) was given in amounts of from 25 to 75 
grams (100-300 cc.) in each injection with equal volumes 
of 5 or 10 per cent dextrose in distilled water. When 
maintenance of the serum albumin concentration was de- 
sired, 25 grams of albumin were administered daily, or 
three times weekly. The serum albumin concentration 
was determined by micro-Kjeldahl analysis of fractions 
separated by the method of Howe (15). 

RESULTS 

I. The effect on ascites and edema of varying the 
salt intake while maintaining a normal serum al- 
bumin concentration (Table /, Figures 1-5) 

Four patients (W. M., C. M., H. H., and V. L.) 
who had previously had numerous abdominal 



paracenteses with regular reaccumulation of fluid, 
the “stabilized cirrhosis” of Patek (16), were 
maintained on the low sodium diet (21 mEq. 
daily). They were then given sufficient albumin 


TABLE I 


Sodium excretion following inlravenons salme 

Low sodium (21 mEq.) diet throughout all studies. Serum albumin concentrations maintained within normal limits. 


Day 

Solution administered 

C. M, 

1 

A. McM, 

G. C.* 

Sodium 

intake 

Sodium 

output 

urine 

Sodium 

output 

exlrareualt 

Sodium 

intake 

Sodium 

output 

urine 

Sodium 

output 

exirarenalf 

Sodium 

intake 

Sodium 

output 

urine 

Sodium 

output 

exlrarenalt 

1 

2 

3 

4 

5 

6 

0.85% saline 1,000 cc. 
Alb. 25 grams 

5% saline 170 cc. 
.^Ib. 25 grams 

mEq.lday 

21 

165 

36 

165 

36 

21 

viEq^jday 

2,0 

6.8 

12.0 

1.9 

1.7 

2.6 

mEq.lday 

20 

20 

20 1 
20 i 
20 

20 

mEq.lday 

21 

165 

36 

165 

36 

21 

mEq.lday 

23.7 
66.9 
29.5 

44.4 

56.7 

20.5 

mEq.lday 

20 

20 

20 j 

20 I 
20 

20 

mEq.lday 

21 

165 

36 

165 

36 

21 

mEq.lday 

3.8 

87.2 

73.8 

126.4 

lO.St 

70.7 

mEq.lday 

20 

20 

20 

20 

20 

20 

Total sodium 
wiEg./d days 

444 

147 

444 

362 

444 

492 

Sodium balance 
mEq./ 6 days 

+291 

+82 

-48 

Theoretical weight change! 
(lbs./6 days) 

+4| 

+n 

4 

Actual weight change 
{lhs./6 days) 

"f-S 

+ h 

! -2 


• Patient undergoing diuresis following albumin therapy, 
t Estirnateti. 

X Incomplete collection. 

§ Cdcul.ttct! from the sodium balance, each 140 mEq. Na estimated to represent 1 liter of water (1 Kgm. or 2.2 lbs.) 
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intravenously to raise their serum albumin con- 
centrations to above 3.2 grams per 100 cc. This, 
or a higher concentration, was maintained through- 
out the period of study. After a suitable control 
period on the low sodium intake, each patient was 
given daily 6 grams of salt (102 mEq. of sodium). 
Changes in sodium balance and weight in three 
of the patients are shown in Figures 1-3. Weight 
changes reflecting the probable alterations in so- 
dium balance on the fourth subject are shown in 
Figure 4. In all four patients there was a similar 



Fig. 2 


increase in weight and ascites formation coincident 
with the administration of added salt. During this 
period the excretion of sodium in the urine of two 
patients (C. M. and H. H.) was no greater than 
during the period of low sodium intake, and was 
only moderately increased in the third patient 
(W. M.). As a result, all patients were in a 
markedly positive sodium balance while receiving 
supplemental sodium salts. Thus, a normal serum 
albumin concentration does not alone permit the 
excretion of excess sodium given orally. 

It seemed possible that patients with cirrhosis 



DIET LOW SODIUM +6 GM.NaCl LOW SODIUM 

days 2 4 6 8 10 12 14 16 18 20 22 


Fig. 3 

of the liver might react differently to sodium ad- 
ministered intravenously. To study this, two pa- 
tients, maintained on a low sodium diet, were given 
sufficient albumin to attain normal serum albumin 
concentrations and were then given saline intra- 
venously in varying concentrations (C. M. and A. 
McM., Table I and Figure 5). After a control 
day, 1,000 cc. of isotonic saline was given intra- 



Fic. 4 
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venously. The following day, 25 grams of albu- 
min were given and on the fourth day 170 cc. of 
hypertonic (5 per cent) saline. On the fifth day 
the albumin was repeated. A marked inability to 
excrete sodium was noted in both patients follow- 
ing the intravenous administration of isotonic and 
hypertonic saline. Moreover, diuresis did not 
occur following the saline administration.® Al- 
though patient A. McM. was able to excrete so- 
dium in a more nearly normal manner than C. M., 
neither subject was able to excrete sodium in high 
concentrations. Thus, the degree of sedium ex- 
cretion varies with individual patients. These 
findings may be contrasted with those of a sim- 
ilar study on a patient with cirrhosis undergoing 
diuresis after serum albumin therapy (G. C., 
Table I). The latter was able to achieve sodium 
equilibrium. 

II. The cjfcct o/ albiiviin admimstration on the 

e.vcrction of sodium {Table II, Figure 6) 

Prompt diuresis with rapid loss of both edema 
and ascites is seen in a few patients with cirrhosis 
of the liver following the intravenous administra- 

® The administration of hypertonic salt solution intra- 
venously in normal individuals stimulates the release of 
an antidiurctic substance from the pituitary and dimin- 
ishes urine flow for short periods of time (17). How- 
ever, the administration of saline in hypo-, iso-, or hyper- 
tonic concentrations in normally hydrated individuals, 
allowed free access of water, results in a considerably 
increased excretion of water if the urine collections are 
made over longer periods of time, as in the present studv 

tl?). 


tion of albumin (7). One such patient (S. P., 
Figure 6) with marked ascites and massive edema 
of the lower extremities, scrotum and penis, was 
selected for study of sodium excretion. He was 
maintained on a diet calculated to contain 91 
mEq. of sodium daily. During the six days prior 
to the administration of albumin his urinary ex- 
cretion of sodium averaged only 5 mEq. daily. 
On the second day of albumin administration (75 
grams daily for six days) his urinary sodium ex- 
cretion rose to 236 mEq. and thereafter averaged 
156 mEq. daily. Weight loss began on the first 
day of albumin administration, and diuresis was 
sustained until he became free of ascites and edema 
after 25 days. 

Such dramatic results following albumin ad- 
ministration are seen in only a few patients. 
More commonly, a temporary diuresis and loss 
of weight follow, or merely a decrease in the rate 
of weight gain may be observed. A patient (C. M., 
Table II) whose response fell into the latter cate- 
gory was provided with the low sodium diet to 
which, after a short control period, 6 grams of salt 
(102 mEq. of sodium) were added. With this 
high salt regimen he gained weight rapidly and 
sodium excretion remained at the control value 
of about 4 mEq. daily, so that he was in a marked 
positive sodium balance. Beginning on the sixth 
day he was given 50 grams of albumin daily for 
six days and 25 grams daily thereafter. Urinary 
sodium rose to 21 mEq. daily in the 12th to 14th 
day pool and subsequently to 40 mEq. daily in the 
next three-day pool as the serum albumin concen- 
tration further increased. However, sodium equil- 
ibrium was not achieved, and ascitic fluid accumu- 
lation continued. In spite of omitting the added 
salt for five days, with apparent negative sodium 



Fig. 6 
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TABLE II 

Sodium excretion following intravenous albumin 


Day 

C. M. 

123 mEq, sodium diet 

J. McC. 

123 mEq. sodium diet 

H. H. 

21 mEq. sodium diet 

Albumin admin- 
istered* 

Urine sodium 

Albumin admin- 
istered* 

1 

Urine sodium 

Albumin admin- 
istered* 

Urine sodium 


grams 

mEq.lday 

grams 

mEq.lday 

grams 

mEq.Jday 

1 


4.3 


. 2.7 


1.0 

2 


4.0 


6.0 


1.3 

3 


5.1 


18.0 

75 

1.8 

4 


7.5 


19.4 

75 

4.2 

5 


2.5 


17.5 

Paracentesis , 

1.1 

6 

50 

4.3 

50 

35.5 

75 

3.3 

7 

50 

— 

SO 

31.4 

75 

4.5 

8 

50 

— 

50 

42.9 

75 

6.2 

9 

50 

4.9 

50 

93.4 

75 

7.7 

10 

50 

5.3 

50 

64.6 

75 

9.5 

11 

50 

3.2 

50 

64.6 

75 

3.0 

12 

— 

21.0 

50 

64.6 


3.0 

13 

25 

21.0 


59.0 



14 

25 

21.0 

25 

59.0 



15 

25 

40.5 





16 

25 

40.5 





17 

25 

40.5 






, * The administration of each 25 grams of albumin entails the giving of approximately 15 mEq. of sodium in addition 
to that in the diet. ^ s j' 4 


balance during this period, a paracentesis became 
necessary. 

Another patient (J, McC., Table II) with re- 
current ascites and edema was similarly studied 
before and during the period of albumin adminis- 
tration. In the control period before albumin ad- 
ministration he was maintained on the low sodium 
diet during which time urinary sodium averaged 
4 mEq. per day. Six grams of salt (102 mEq. 
sodium) was then added to the diet and the urinary 
sodium rose in the subsequent five days to an aver- 
age of 13 mEq. daily with a maximum of 19 mEq. 
on the fourth day. In the next period 50 grams of 
albumin were given daily, intravenously. In this 
period there was an increase in urinary sodium to 
35 mEq. on the first day and an average excretion 
of 57 mEq.' per day for the nine days of albumin 
administration. The increased sodium excretion 
was followed by a slow diuresis. 

A similar study was conducted with patient H. 
H. (Table II) who also had recurrent ascites. 
In his case, the low sodium diet was continued 
throughout without a period of added salt. After 
a control period of two days, albumin (75 grams 
dail}’) was administered, intravenousl}-, for two 
days and on the third day ascitic fluid was removed 
by paracentesis. Albumin administration was then 
resumed for six more days. During the two-day 


control period, urinary sodium was 1.0 and 1.3 
mEq. daily, rising, after paracentesis, so that on 
the eighth day of albumin administration it was 
9.5 mEq. Positive sodium balance and weight 
gain occurred during this period in spite of the 
increase in urinary sodium, since the administra- 
tion of each 25 grams of albumin entails giving 
approximately 15 mEq. of sodium. 

Data on the three patients shown in Table II 
demonstrate a considerable variability between pa- 
tients in the increase of sodium excretion after 
albumin administration. A negative sodium bal- 
ance was not achieved in these three patients in 
spite of albumin administration and the subsequent 
rise to normal of the serum albumin concentra- 
tion. 

III. The effect of viercurial diurclics on sodium 

excretion {Table III) 

The rate of disappearance of ascites and edema 
following mercurial diuretics is often as rapid as 
after albumin administration. To compare the 
cfiect of mercurial diuretics on sodium excretion 
with the effect of albumin, two patients were 
studied. The first ( J. Q.) had massive ascites and 
edema and a low senim albumin concentration. 
After a control period on a low sodium diet, he 
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TABLE III 

Sodium excretion following intravenous mercurials 
Low sodium diet — (21 mEq.) 


J. Q. 

(serum albumin l.S grams %) 

Day 

C. M. 

(serum albumin 2.4 grams %) 

Urine 

sodium 

Mercu- 

rial* 

Weight 

Urine 

sodium 

Mercu- 

rial* 

Weight 

mEq.lday 


lbs. 


mEg.lday 


lbs. 

11.6 



1 

1.1 


1461 

7.4 


214 a 

2 

6.6 


147 

10.2 


215 a 

3 

1.3 


147f 

48.1 

X 

2141 

4 

62.0 

X 

148 

159.3 

X 

2131 

5 

2.0 


149 

191.5 

X 

216 

6 

39.0 

X 

148 

132.3 

X 

2121 

7 

6.3 


1471 

124.5 

X 

211f 

8 

25.2 

X 

148 

234.5 


2041 

9 

2.7 


148 

138.3 


2011 

10 

30.2 

X 

1491 


* 2 cc. "Mercuzanthin” intravenously as indicated 
(X). 


was given 2 cc. of a mercurial diuretic,^® intra- 
venously daily for five days (Table III). Uri- 
nary sodium excretion averaged 9 mEq. daily dur- 
ing the control period, rose to 48 mEq. on the first 
day of diuretic therapy, and thereafter averaged 
over 130 mEq. for 12 days. During this period 
he lost 20 lbs. of weight, and subsequently be- 
came free of ascites and edema. 

A second patient (C. M.) with chronic, re- 
current ascites, and whose serum albumin con- 
centration was low, was given a low sodium diet. 
Mercurial diuretics were given every other day 
for eight days, and daily urinary sodium deter- 
mined (Table III). On the days of mercurial ad- 
ministration, sodium excretion varied between 25 
and 62 mEq., while on control days, both between 
mercurial injections and after they had been dis- 
continued, urinary sodium never exceeded 10 
mEq. The patient's weight changed little, how- 
ever, and the marked diuresis seen in the first 
study did not occur. 

Data on the patients shown in Table III demon- 
strate that the effect of mercurial diuretics varies 
in different patients and is possibly related to the 
relative severity of the liver disease. 

/F. Sodiuv: balance in a patient recovering jrom 

ascites {Figure 7) 

In one patient (W. M.) whose tendency to re- 
form ascites appeared to be overcome, studies were 

■■^!erc’a7nnthin,’' Campbell Products, Inc., New York, 
N. Y. 


made of his ability to excrete sodium during the 
recovery phase. Following a two-month interval, 
during which he was given maintenance albumin 
and a general diet unrestricted in sodium, and had 
had one paracentesis, W. M. was restudied (Fig- 
ure 7). At this time he was given the low sodium 
diet and mercurial injections with slight weight 
loss. On being given the 6 grams of added salt he 
was able to excrete over 100 mEq. of sodium daily 
in his urine, sufficient to achieve sodium equilib- 
rium. Very slight weight gain in the first four 



days was recorded, and thereafter in spite of the 
added salt and further increments to his sodium 
intake by the administration of 900 cc. of normal 
saline intravenously daily for two days, weight re- 
mained constant. This patient had ceased to form 
ascites and, in spite of a high sodium intake, was 
able to excrete it apparently normally. It was 
previously observed that patient G. C, (Table I), 
while undergoing diuresis after serum albumin 
therapy, was likewise able quantitatively to ex- 
crete administered sodium. 
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DISCUSSION 

The patients with cirrhosis of the liver and with 
demonstrable fluid retention reported here excreted 
in the urine but small quantities of orally or in- 
travenously administered sodium. Positive so- 
dium balance thus inevitably occurred. Sodium 
excretion increased, occasionally to permit nega- 
tive sodium balance, in three circumstances : during 
a spontaneous decrease in ascites and edema forma- 
tion; following the intravenous administration of 
albumin; and accompanying the parenteral ex- 
hibition of mercurial diuretics. The influence of 
these circumstances on fluid retention varied 
greatly from patient to patient. Thus, following 
intravenous albumin administration one patient 
who had never required paracentesis had a mas- 
sive and prolonged diuresis with a marked increase 
in urinary sodium excretion. In other patients 
with ascites requiring repeated paracenteses the in- 
creased sodium excretion, although evident, was 
transitory and not great enough to lead to nega- 
tive sodium balance. Likewise, the effect of mer- 
curial diuretics on sodium excretion and diuresis 
was variable ; one patient achieved a slow but pro- 
longed diuresis with a considerable increase in 
urinary sodium excretion, while in another the 
effect was only transitory. 

The rate of ascites formation could be altered by 
changing the quantity of sodium administered to 
patients with chronic cirrhosis in whom repeated 
paracenteses were necessary. Thus, a decrease 
in sodium intake slowed the rate of ascites forma- 
tion and, conversely, fluid retention increased as 
more sodium was administered. This relationship 
held true despite the maintenance in some instances 
of a serum albumin concentration at or near normal 
by means of intravenous albumin administration. 
These observations place on a firmer ground the 
use of a low sodium diet to reduce the rate of as- 
cites accumulation (19) . Such a diet must be pre- 
pared with care so that it wall furnish an ample 
supply of calories, protein, and vitamins, and, at 
the same time be palatable. The preparation and 
use of such a diet are published elsewhere (20). 

A satisfactory' explanation of the failure to ex- 
crete administered sodium is not at hand. Ralli 
and her co-workers (3) demonstrated an anti- 
diuretic effect similar to that of pituitrin in the 
urine of patients with cirrhosis and ascites. How- 


ever, retention of sodium is not one of the primary 
effects of the posterior pituitary antidiuretic sub- 
stance (21, 22). The observations reported here 
suggest that sodium excretion is primarily at fault 
and therefore point rather to the antidiuretic ef- 
fect of the sex hormones or of those elaborated by 
the adrenal cortex. It need not be postulated, 
however, that an antidiuretic is the sole or even 
most important cause of the failure of sodium ex- 
cretion in cirrhosis. Other factors such as altered 
renal blood flow and glomerular filtration are be- 
ing studied (16). At present too little data are 
available to draw definite conclusions in this re- 
gard. 

The results reported here do not precisely de- 
fine the relative importance in the formation of 
ascites, of the serum albumin concentration, the 
portal hypertension, or the failure to excrete ad- 
ministered sodium. Each is undoubtedly impor- 
tant, although recent studies tend to minimize the 
importance of the serum colloid osmotic pressure 
(3, 23). 

SUMMARY 

1. The patients with cirrhosis of the liver with 
ascites reported in this communication excreted 
only small quantities of sodium in the urine re- 
gardless of either the quantity of salt administered, 
or the route of its administration (oral and intra- 
venous ) . The failure to excrete sodium in amounts 
adequate to achieve sodium equilibrium occurred 
in spite of the maintenance of a normal serum al- 
bumin concentration by repeated injections of con- 
centrated salt-poor human serum albumin. 

2. The urinary excretion of sodium was usually 
increased by the administration of mercurial di- 
uretics or of salt-poor human serum albumin (in- 
travenously) and also during a spontaneous de- 
crease in ascites and edema formation. 

3. A low sodium but other%vise adequate diet 
decreased the rate of ascites formation, while larger 
quantities of administered sodium led to a propor- 
tionately increased rate of formation. 

4. Although several factors might have led to 
the failure of these patients to excrete sodium, 
there was no evidence that any one was solely im- 
plicated. 

5. The relative importance of the failure to ex- 
crete sodium, of hypoalbuminemia, and of portal 
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hypertension in the genesis of ascites could not be 
precisely defined. 
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An adequate, nutritious diet is the basic con- 
sideration in the treatment of patients with liver 
disease, particularly cirrhosis (1). However, be- 
cause of the frequent digestive disturbances 'en- 
countered in these patients, occasions arise when 
an adequate intake of nutritious foods cannot be 
maintained, and complemental or complete nu- 
tritional feeding by the intravenous route would 
appear indicated. Infusions of glucose and vita- 
mins prepared for parenteral use are widely em- 
ployed, but the desirability of administering pro- 
tein hydrolysates intravenously to patients with 
hepatic insufficiency has been the subject of con- 
troversy. Thus, it has been stated that amino 
acids administered parenterally to such patients 
are not as promptly deaminized and result in a 
higher incidence of untoward reactions than when 
administered to normals (2-4), so that “intra- 
venous injection is contraindicated in severe hepa- 
tic insufficiency” (5). Nevertheless, since other 
investigators have been unable to confirm any 
significant decrease in the rate of deaminization 
of amino acids following their intravenous injec- 
tion or any increase in untoward reactions (6-9), 
parenteral protein hydrolysates have been quite 
extensively employed as a therapeutic adjunct in 
the treatment of patients with cirrhosis of the liver 
and with infectious hepatitis (10-12). 

The experiments reported here were undertaken 
to clarify the controversy r^arding the desir- 
ability of administering protein hydrolysates pa- 

^ The expenses of this investigation were defrayed in 
part by a grant from Merck and Company, Inc., Rahway, 
New Jersey, to Harvard University. 

-A preliminary report of tliis investigation was in- 
cluded in the Proceedings of the Fortieth .A.nnual Meet- 
ing of tlie American Society for Clinical Investigation, 
May 3, 1948. 

^ U. S. Public Healtli Service Postdoctorate Research 
Fellow. 


renterally to patients with liver disease. Obser- 
vations were made of the clinical tolerance, the 
metabolism and excretion, and the therapeutic 
value of a 10 per cent solution of amino acids ad- 
ministered intravenously in amounts of 500 to 
1,000 cc. daily for from two to four weeks as the 
sole source of nitrogen and of lipotropic substances 
to four patients with active cirrhosis of the liver. 
The results indicate that intravenously adminis- 
tered amino acids are well tolerated by patients 
with severe liver disease, are metabolized and ex- 
creted in a manner differing little from normal, and 
may promote clinical improvement when adminis- 
tered as the sole source of nitrogen and of lipo- 
tropic substances. 

MATERIALS AND METHODS 

The clinical and laboratory observations of the four 
patients with cirrhosis of the liver selected for this study 
are tabulated in Table I. Each gave a history of long- 
standing alcoholism and of meager dietary intake. Three 
of the patients (B. B., W. C., and J. Q.) were deeply 
jaundiced and acutely ill at the time the study was begun. 

A purified diet adequate in calories but devoid of pro- 
tein (supplying only 0.1 gram of nitrogen daily as deter- 
mined by macro-Kjeldahl analysis^) was used in all 
studies. Its composition and ability to maintain nitrogen 
balance and constant weight with the addition of 85 grams 
of purified casein (“Labco”) as the sole source of nitro- 
gen have previously been described (13). The diet con- 
tained no source of the vitamin B complex except choline 
in small amounts (30 to 100 mgm. daily as estimated 
from standard food tables) . A capsule ® containing vita- 
mins A, C, D, B„ B., niacin, B,, and pantothenic acid 
was given daily. 

Protein was supplied intravenously as a 10 per cent 
solution of amino acids® prepared by the recombination 

* One patient (J. G.) received IS grams of "Nescafe" 
daily, increasing the nitrogen intake by 0.25 gram. 

® “DasTimin” supplied through the courtesy of the 
Abbott Laboratories, North Chicago, Illinois. 

® Developed and distributed by MereJ: and Company, 
Inc., Rahway, Ne.v Jersey, who supplied ib.e material 
used in this investigation. 
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of fractions of an acid hydrolysate of casein. The prod- 
duct contains no peptides, is essentially devoid of glutamic 
and aspartic acids, and is supplemented with dl-trypto- 
phane and glycine so that it contains the eight amino 
acids essential for man (14). The composition of the 
solution employed (average of the nearly identical lots) 
and the quantity of amino acids infused are tabulated in 
Table II. The results are based on analyses by micro- 
biological assay (15). 

The basal diet was ingested at regular meal hours. 
The day's protein (500 to 1000 cc. of the 10 per cent 
solution of amino acids) was administered in one rapid 
intravenous injection each morning, usually over a period 
of one-half to one and one-half hours. Hypertonic glu- 
cose (50 to 100 grams) was added to the infusion mix- 
ture, and the injection was made one hour after a 1,000 
calorie breakfast, in order to achieve maximum utilization 
of the infused amino acids by the simultaneous provision 
of adequate carbohydrate and protein (16). The total 
intake for the four patients during the study averaged 
4,500 (J. G.), 1700 (B. B.), 3,500 (W. C.), and 4,200 
(J. Q.) calories daily. 

The daily urine and pooled stool nitrogen analyses were 
determined by the standard micro- or macro-Kjeldahl 
methods. The alpha amino nitrogen was determined by 
the gasomctric ninhydrin method as described by Hamil- 
ton and Van Slyke for blood (17), and by Van Slyke, 
MacFadyen, and Hamilton for urine (18). The serum 
non-protein nitrogen was determined by Folin’s micro- 
Kjcldahl method with direct nesslerization (19). The 
urines were assayed for the eight amino acids essential 
for man and for arginine and histidine by the micro- 
biological method of Stokes et al. (15). As measure- 
ments of liver function, the serum bilirubin (20), thymol 
turbidity (21) and flocculation, urine urobilinogen, plasma 
prothrombin concentration, bromsulphalein retention, and 
scrum albumin concentration (22, 23) were determined. 
Tissue obtained by punch biopsy (‘‘Vim”-Silverman nee- 
dle) from the liver of one subject both preceding and 
following tl'.c study period was fixed in 10 per cent 


formalin, stained with hematoxylin and cosin, and ex- 
amined microscopically. 


' RESULTS 

The amino acid mixture was well tolerated clin- 
ically. No untoward reactions were noted by pa- 
tients J. G. and J. Q., even though the infusion of 
50 grams of amino acids was usually completed 
within one hour. A transient diminution of ap- 
petite was noted by patient W. C. following sev- 
eral of the infusions, but rarely persisted for more 



Fig. 2 


than one or two hours. Nausea and retching oc- 
curred on three occasions following an attempt at 
forced feeding of sweetened drinks immediately 
after the infusion. Patient B. B. complained of 
constant anorexia that both preceded and followed 
the present study. Although this digestive dis- 
turbance was not aggravated further by infu- 
sions of 500 cc. of the amino acid solution, 1,000 
cc. infusions, even though administered more 
slowly, were followed on three occasions by nausea 
and vomiting. Thrombosis of the infused vein did 
not occur in any patient. An increased incidence 
of untoward reactions was not observed while the 
patients were deeply jaundiced and acutely ill. 
Despite the severity of the patients’ illness and the 
rapidity of the infusions, distressing symptoms 
were noted but six times following 79 infusions — 
a reaction incidence of less than 8 per cent. 

The nitrogen balance data for these patients 
is summarized in Table III and plotted in Figures 
1^- Patient J. G. maintained a positive nitrogen 
balance throughout the 11 day study period, ex- 
cept for day one. Although the daily infusion of 
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SO grams of amino acids (500 cc. of the 10 per 
cent solution) to this subject, together with the 
diet, supplied slightly less than 0.8 gram of pro- 
tein per kilogram of body weight, an average posi- 
tive balance of 3.0 grams of nitrogen daily was 
realized. Patient W. C. received 100 grams of 
amino acids (1,000 cc. of the 10 per cent solution) 
intravenously daily for 18 days and -retained a 
total of 50.8 grams of nitrogen, or an average posi- 
tive balance of 2.8 grams of nitrogen daily. Dur- 
ing a 15 day period while patient B. B. received 50 
grams of amino acids parenterally daily, the ni- 
trogen balance averaged + 2.2 grams daily, and 
increased to + 7.4 grams of nitrogen daily for 
five days when the quantity of protein adminis- 
tered was doubled. The excretion of nitrogen in 
the urine increased little despite the large increase 
in the quantity of amino acids infused. Patient J. 
Q. was in slight positive nitrogen balance only 
during the final six days of a 30 day study period 
while receiving 100 grams of amino acids intra- 
venously daily. Nitrogen balance was persistently 


PATIENT— W.C 
TOTAL MILT itnm 
Jieo MUAICI 

SOLUTION or AMINO AGIOS. 10 PERCENT 

»000i«. (.V, OAILT 

WEIGHT 

POM. e,. 


^ 

SCRUM 8* 
BILIRUBIN 

TOTAL 

0* 


NITROGEN 

BALANCE +2- 

^ ■ - 

-l; 


NITROCCN 15- 

. '.‘.I 


^ ^ . '' / ' ' ■ ■ 1 y V . 

//• • z ■ /. ; 'y. .c’ - z/t V. 

,< 1 ■ . ■ ■ ■ 

« 1 • I ■ ■ 

0AY5 

1 2 4 8 8 10 12 LA 16 IS 

Fig. 3 


negative throughout a preceding 22 day period 
while receiving 50 grams of amino acids intra- 
venously daily and a two day period while receiv- 
ing 75 grams daily. During the protracted period 
of negative nitrogen balance, the nitrogen-sparing 
effects of individual amino acid supplements were 
investigated. The addition of dl-phenylalanine (2 
grams) and of dl-threonine (3 grams) individu- 
ally and combined, given by mouth one hour prior to 
the intravenous infusion, had no apparent effect on 
the quantitj- of nitrogen excreted in the urine. 


Thus the negative nitrogen balance persisted un- 
altered until 100 grams of the amino acid mixture 
was supplied each day. 

The serum concentration of alpha amino and of 
non-protein nitrogen and the urinary excretion 
of alpha amino nitrogen in each individual did 
not vary greatly during the study (Table IV). 
Since the amino acid content of serum is usually 
10 to 40 per cent greater than that of plasma (24), 
the normal range of alpha amino nitrogen in this 
laboratory of from 2.9 to 4.6 mgm. per cent for 
plasma (9) would be increased to from 3.2 to 6.4 
mgm. per cent for serum. Although several of 
the fasting serum alpha amino nitrogen values ob- 
tained in the patient (W. C.) receiving 100 grams 
of amino acids intravenously daily for 18 days were 
elevated, the values averaged 5.9 mgm. per 100 cc. 
of serum which is within the normal range. 

A slight weight gain occurred in each patient 
(Figures 1-4). Minimal peripheral edema devel- 
oped in patient J. G. during the first five days of 
the study coincident with the inadvertent provision 
of supplemental salts (5 grams NaCl and 1 gram 
KCl), and subsided with their cessation. Al- 
though sodium, other than that present in the basal 
diet, was not supplied the other patients, definite 
peripheral edema occurred in patient J. Q. and 
increased in degree as the gain in weight con- 
tinued, and was associated with a fall in the plasma 
albumin concentration from 2.6 to 1.8 grams per 
100 cc. Edema was not discernible in the other 
patients. 

Improvement in liver function tests was ob- 
served in all patients during the period of study 
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500 TO IOOOm. I.V/OAILT 

69- 
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TABLE I 


Clinical and laboratory observations of patients with cirrhosis of the liver 


Patient 
{Age, Sex) 

J. G. 

(31, Male) 

B. B, 

(4S, Female) 

W. C. 

(S3. Male) 

J. Q. 

(48, Male) 

Condition of study 

Before 

study 

After 

study 

Before 

study 

After 

study 

Before 

study 

After 

study 

Before 

study 

After 

study 

Jaundice* 

0 

0 


2-34- 

34- 

0 

44- 

24- 

Spider angiomata* 

2+ 

24- 

44- 

44- 

0 

0 

24- 

24- 

Liver size (cm.) 

4 

4 

16 

16 

2 

0 

11 

7 

Spleen size (cm.) 

0 

0 

2 

0 

0 

0 

3 

1 

Ascites* 

0 

0 

2-34- 

24- 

=b 

1 

0 

14- 

14- 

Peripheral edema* 

0 

14- 

0 

0 

0 

i 

0 

0 

14- 

Serum j 

bilirubin 

(mgm. per 100 cc.) J 

1 min. 

1 

1.1 

0.1 

3.8 

2.6 

4.5 

0.8 

6.6 : 

2.6 

[Total 

1.9 

0.7 

7.3 

6.4 

8.7 

1.2 

15.5 

6.6 

Thymol turbidityf 
(cc. BaSOi) 

0.7 

0.6 

2.8 ; 

2.4 

3.9 

2.7 

4.5 

3.2 

Thymol flocculation* 

0 

0 

34- 

14- ! 

1 

3+ 

14- 

14- 

14- 

Urine bile* 

0 

0 

2,~\- 

1-24- 

34- 

0 

44- 

24- 

Urine urobilinogen 



1:256 


1:256 


1:80 


Prothrombin time 
{per cent of normal) 

73 


43 


60 


35 


Serum ] 

proteins 

{grams per 100 cc.) J 

1 Total 


6.5 

6.0 

5.8 

5.8 

5.7 

6.7 

5.2 

[Albumin 


4.1 

2.1 

2.4 

3.1 

2.2 

2.6 

1.8 

Bromsulphalein retention 
{per ccnt)X 


14 


i 


20 




*0to4+. 

t Normal range: Below 1.7 cc. BaSO^. 

j At 45 minutes after intravenous injection of 5 mgm. dye per kilogram of body weight. 


(Table I, Figures 1-4). A progressive decline in 
the serum bilirubin, degree of jaundice, and urine 
bile was the most marked change noted. The thy- 
mol turbidity and thymol flocculation tests were 
found abnormal in three patients before the study, 
and in each instance showed slight change toward 
normal. In three instances where the serum pro- 
tein concentrations were determined before and 
after the study period, the total protein remained 
relatively constant, while the albumin rose slightly 
in one and fell in the others. By physical exami- 
nation, in addition to a lessening of jaundice, it 
was ttoted that the liver size decreased in two pa- 
tients, and remained unchanged in the others. 
The spleen became less readily palpable in the two 
patients with splenomegah'. The degree of as- 
cite-. when present, was not appreciably altered. 


As mentioned previously, peripheral edema be- 
came evident in two patients. In addition to gen- 
erally improved liver function tests and physical 
findings, each patient experienced subjective im- 
provement. This was evidenced by increased 
physical and mental activity, a greater desire to 
eat, and an enhanced sense of well-being. 

Liver punch biopsies obtained from patient W. 
C. prior to the study and at its conclusion (20 day 
inten’al) were reported as follows: " 

An adequate portion of liver was obtained. The 

" > 

• The authors gratefully acknowledge the assistance of 
Norman Zamcheck, M.D., in the pathological interpre- 
tation of these specimens. It is regretted that liver 
biopsy was contraindicated in patients B. B. and J. Q. 
because of a^prolonged prothrombin time (not responding 
to vitamin K. therapy) and deep jaundice. 
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TABLE II 

Composition of the 10 per cent solution of amino acids 

Amounts of 
amino acids 
in 500 cc. 

of the 10 

per cent 
solution* 

grams 


Arginine 1-3 

Histidine 2.0 

Isoleucine 4.2 

Leucine 8.4 

Lysine 5.2 

Methionine 2.0 

Phenylalanine 2.1 

Threonine 0.9 

T ry ptophane 0 .45 

Valine 3.5 


* Determinations by microbiological assay (1-form) 
(IS). Also contains: 0.45 gram d-tryptophane, 0.1-^.3 
gram glutamic acid, 0.1 gram tyrosine, 11.3 grams glycine, 
less than 0.03 gram aspartic acid, and (by difference) 3.5 
grams non-assayed amino acids per 500 cc. of the 10 jier 
cent solution. Total 10 “essential” amino acids comprise 
64 per cent of total amino acids in mixture. Each SOO cc. 
infusion (by analysis) supplies 44 grams of amino acids, 
7.0 grams of total nitrogen, and 6.0 grams of alpha amino 
nitrogen. 


appearance was consistent with portal cirrhosis. 
Marked fibrosis of the portal areas was noted 
throughout. A moderate number of lymphocytes 
and a few eosinophiles were scattered through the 
fibrous tissue. Bile duct proliferation was prom- 
inent. A small amount of fat was scattered in fo- 
cal areas through the liver parenchyma and the 
liver cells contained only minimal amounts of gly- 
cogen. “Alcoholic hyaline” was found. Many bile 
thrombi Avere seen obstructing and distending the 
bile canaliculi. 

The second biopsy obtained 20 days later showed 


distinct improvement in the histologic appearance 
of the liver structure as follows : 

Most notable was a marked increase in cell con- 
tent of glycogen which distended the liver cells so 
that they appeared to be increased in size and ob- 
scured adjoining sinusoids in many areas. There 
was a decrease in fat although this had not com- 
pletely disappeared. No bile thrombi were seen. 
A few cells contained a small amount of green 
staining pigment and more green pigment was 
collected in scattered Kiipffer cells. Less striking 
changes consisted of an apparent decrease both 
in amount of fibrous tissue and of cellular infil- 
trate of the portal areas. 

The loss in the urine of alpha amino nitrogen 
and of each of the 10 “essential” amino acids fol- 
lowing the infusion of the amino acid solution is 
tabulated in Table V.® There was a loss from ex- 

8 A portion of the amino acids excreted into the urine 
is of endogenous source (25). All values listed in Table 
V are in excess of the amount of alpha amino nitrogen 
or of individual amino acids excreted by patient W. C. 
the second day while receiving a 3,500 calorie, protein-free 
diet prior to the present study. These "endogenous” 
values were; arginine 8.3; histidine 71.0; isoleucine 5.3; 
leucine 12.6; lysine 17.4; methionine 4.1; phenylalanine 
14.8; threonine 19.1; tryptophane 6.9; valine 7.6; and 
alpha amino nitrogen 113 mgm. per 24 hours. Although 
it would have been desirable to obtain “endogenous” 
amino acid excretion values for each patient, it was not 
deemed advisable to withhold protein from their diets, 
particularly since the values for patient W. C. agreed 
quite closely with those found in the normal (25). Ac- 
tually, the "endogenous” values are so small in relation 
to the quantity of amino acids lost following infusions of 
protein hydrolysates as to be relatively insignificant. 


TABLE III 


Nitrogen balance data of four patients with cirrhosis of tlx liver given 500 to 1,000 cc. 
of a 10 per cent solution of amino acids intravenously daily 


Patient 

3.G. 

B. B. 

w. c. 

J.Q. 

Duration of study 

I! days 

]5 days 

5 days 

18 days 

22 days 

2 days 

j 

1 fj days 

I 

Amounts Riven daily 

SO Rrams 

1 

SO grams 

100 grams 

too grams 

so grams 

75 Rrams 

100 grams 

Nitrogen' 

Intravenous 1 

78.3 

106.8 

71.0 

234.9 

166.5 

22.1 

88,2 

intake 

■Diet ‘ 

4.0 

0.8 

0.3 

1.6 

2.3 

0.2 

0.6 

grams 

Total 

82.3 

107.6 

71.3 

236.5 

168.8 

22.3 

88.8 

Nitrogen] 

1 Urine 

44.6 

67.0 

31.9 

180.1 

208.2 

24.0 

78.2 

output 

J-Stool 

4.4 

7.5 

2.5 

5.6 

22.4 

2.0 

6.1 

grams . 

1 Toml 

49.0 

74.5 

34.4 

185.7 

230.6 

26.0 

81.3 

Nitrogen’ 

i Total 

-1-33.3 

+33.1 

+36.9 

+50.8 

-61.8 

j -3.7 

+4,5 

balance 

1 .-Kv./d.iy 

+3.0 

4-2,2 

+7.4 

+2.8 

-2.8 

1 -1.9 

+ 0,8 
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TABLE IV 


Serum concentration of alpha amino and of non~protem nitrogen and urinary excretion of alpha amino 
nitrogen before, during, and after the administration of SO to 100 grams of amino acids intravenously 
daily for from two to four weeks to four patients with cirrhosis of the liver 


Patient 

J.G. 

B. B. 

W. C. 

J. Q. 

Serum non-protein f Control 


21,6 

25.0 

21.1 

nitrogen 1 During study 


26.0 

20.2, 28.0, 24.8, 20.0 

14.8, 17.0 

mgm. f 100 cc. j End 


32.3 

26.8 

17.2 

Serum alpha amino ^ Control 


1 

i 

4.9 


nitrogen > During study 


j 

/7.7, 5.0, 6.7, 8.8, 


mgm. ! 100 cc. J End 



\3.8, 4.5, 6.7, 4.4 





3.8 


Urine alpha amino ] First third of study j 

187 

413 

2110 


nitrogen [Middle third of study 

269 

505 

1995 


mgm.lZ4 hours J Final third of study 

390 

466 

1096 



cretion into the urine of from 2.8 to 23.3 per cent 
of the alpha amino nitrogen administered to the 
four patients with cirrhosis of the liver. Follow- 
ing daily infusions of SO grams of the amino acid 
mixture to patient J. G., and of 50 and 100 grams to 
patient B. B,, only 2,8, 5.7, and 3.7 per cent, respec- 
tively, of the administered alpha amino nitrogen 
was excreted into the urine. The excretion loss 
was considerably greater, however, following infu- 
sions of 100 grams of amino acids daily to pa- 
tients W. C. and J. Q., and averaged 14.2. and 


20.1 per cent, respectively, of the amount given. 
During the period of persistent negative nitrogen 
balance while receiving 50 and 75 grams of amino 
acids daily, patient J. Q, excreted 23.3 and 17.1 
per cent, respectively, of the intravenously ad- 
ministered alpha amino nitrogen. In none of the 
patients did the urinary excretion loss of alpha 
amino nitrogen correlate with the rate at which 
the infusion was administered. 

There was a considerable variation among pa- 
tients in the quantity of individual amino acids, as 


TABLE V 

10 "essential” amino acids and alpha amino nitrogen excreted in the urine in the 
24 hours after administration of 500 to 1,000 cc. of the 10 per ce7it solution 
of amino acids to four patients with cirrhosis of the liver 


Patient 

J. 

G. 

B.B.§ 

w. 

C. 

J. Q.li 

Duration of study 

11 days 

15 days 

18 days 

6 days 

22 days 

Amounts given daily 

50 grams 

50 grams 

100 grams 

100 grams 

SO grams 


mpn* 

per centt 

mgm.* 

per eenlf 

mgm.* 

per cenlf 

mgm.* 

per centf 

mgm.* 

per ceiilf 

Arginine 

2.0 

0.2 

8.1 

0.6 

42.1 

1.9 

41.3 

1.6 

20.2 

1.6 

Histidine 

80.0 

3.6 

154 

6.8 

481 

20.0 

1504 

36.6 

823 

40.2 

Isoleucinc 

21.5 

0.5 

45.6 

1.0 

700 

9.7 

972 

12.3 

293 

7.4 

Leucine 

34.3 

0.4 

115 

1.3 

1432 

9.6 

2668 

16.3 

732 

9.0 

Lysine 

124 

2.5 

162 

3.3 

1113 

11.1 

1675 

14.7 

579 

10.1 

Methionine 

19.4 

1.0 

41.4 

2.1 

479 

11.7 

1238 

32.6 

456 

24 0 

Phenvlalaninc 

15.4 

0.7 

52.6 

2.5 

550 

14.1 

931 

23.3 

335 

13 6t 

Threonine 

38.9 

3.9 

75.5 

7.6 

490 

37.7 

760 

40.0 

660 

45'8| 

Ttyptophane 

8.6 

1.9 

20.3 

4,5 

129 

14.3 

260 

28.9 

156 

34 7 

Valine 

29.0 

0.8 

97.4 

2.7 

1018 

15.7 

1312 

19.3 

393 

11 6 

Alpha amino nitrogen 

169 

2.8 

348 

5.7 

1621 

14.2 

2429 

20.1 

1410 

23'.3 


• Mpm. of ammo aad or of alpha ammo nitrogen m e.\cess of that e.xxreted on a 3,500 calorie, protein-free diet * 
t Ter cent of administered amino acid or of administered alpha amino nitrogen e.Kcreted in urine Calculated fmm 
the actual composition of each lot used, which differed slightly from the averaged values in Table II' 

X Values corrected for the supplemental phenylalanine and threonine given during part of this period 
5 Patient B._B. e.vcrctpd an averap of 450 mgm of alpha amino nitrogen daily fora five day period while receivine 
lOv Krams of ainino acids intravenously daily, or o.i per cent of the quantity infused. receiving 


Patient J 


<5 grams of amino 


. Q. excreted an average of 1552 mgrn. of alpha amino nitrogen daily fora two day period while receiving 
mo acids intravenously daily, or l/.l per cent of the quantity infused, receiving 
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well as of alpha amino nitrogen, excreted into the 
urine (Table V). However, it is apparent that 
certain of the amino acids were more freely lost 
than were others. Thus, as a group, the patients 
excreted fairly large percentages of administered 
threonine and histidine, a small percentage of 
arginine, and intermediate percentages of the other 
amino acids. The percentage of individual amino 
acids and of alpha amino nitrogen given which was 
lost in the urine by patient J. Q. was as great when 
50 grams were given daily and negative nitrogen 
balance resulted, as when he received twice the 
quantity and nitrogen equilibrium was attained. 

The patterns of the 10 “essential” amino acids 
in the solution administered intravenously and in 
the urine are shown in Table VI and plotted in 
Figure 5. The proportion of the “essential” amino 
acids in the mixture differed considerably from 
that excreted in the urine. For example, although 
arginine and histidine were present in similar pro- 
portions in the mixture infused (4.2 and 6.6 per 
cent of the total 10 “essential” amino acids, respec- 
tively), their pattern in the urine was altered so 
that proportionately far more of the 10 amino 
acids excreted (average of the four patients) was 
composed of histidine (15.6 per cent) than of 
arginine (0.7 per cent). The amino acid pattern 

TABLE VI 

Comparison of the patterns of tlie 10 "essential” amino acids 
administer^ and excreted following amino acid infusions 
to patients with liver disease and normal subjects 


Per cent of total of 10 "essential'* amino acids 



Given* 

Excreted in liver diseaset 

Excreted 
in nor- 

malst 

J. G. 

B. B. 

W. C 

• J. Q. 

Aver- 

age 

Arginine 

4.2 

0.5 

1.0 

0.7 

0.4 

0.7 

'1.8 

Histidine 

6.6 

21.5 

20.0 

7.5 

13.2 

15.6 

16.1 

Isoleucine 

14.1 

5.8 

5.9 

10.9 

8.6 

7.8 

4.7 

Leucine 

28.1 

9.2 

14.9 

22.3 

23.5 

17.5 

14.0 

Lysine 

17.3 

33.2 

21,0 

17.3 

14.7 

21.5 

20.6 

Methionine 

6.7 

5.2 

5.4 

7.4 

10.9 

7.2 

8.1 

Bhcnylalanine 

6.9 

4.1 

6.8 

8.5 

8.2 

6.9 

9.2 

I hreonine 

3.0 

10.4 

9.8 

7.6 

6.7 

8.6 

13.8 

Tryptophane 

1.5 

2.3 

2.6 

2.0 

2.3 

2.3 

2.2 

Valine 

11.6 

7.8 

12.6 

15.8 

11.5 

11.9 

9.5 


* ^Iculated from the quantity' of amino acids given, 
lablc 11. 

from the quantity of amino acids ex- 
creted, Table V. Excretion pattern of patient J. Q. cal- 
culated from 100 grams j^riod. 

• ■'■alue of eight infusions in normal subjects 

given 500 cc. of the 10 per cent solution of amino acids 
intra\'cnously (35). 


PATTERN OF THE 10 'ESSENTIAL' AMINO ACIDS 
ADMINISTERED’ AND EXCRETED — NORMALS AND LIVER DISEASE. 


24 

PERCENT OF 
THE TOTAL ; ^ 

10 'ESSENTIAL" 
AMINO ACIDS J 

I ADMINISTERED 


: EXCRETED- 
NORMALS 


I EXCRETEO- 
I LIVER DISEASE 



INFUSION 

ioo TO 1000 c(. >0% sou/noN or ammo mos 
AVCAAC e t NOAMALS ANO 4 LfVCA DtSCASC 


iaJUj 

ARG. HIST. ISOL. LEUC. LYS. kCTH PtCN. THE, TRYP. VAL. 


i 


in 


Fig. 5 


in the urine following the larger (100 gram) in- 
fusions in patients W. C. and J. Q. more closely 
resembled the pattern of the solution given than 
that following the 50 gram infusions in patients 
J. G. and B. B. 


DISCUSSION 

Patients with cirrhosis of the liver can main- 
tain a positive nitrogen balance if adequate dietary 
protein is given (26, 27). When an adequate 
dietary intake of protein can not be maintained, it 
would appear desirable to provide the protein in a 
hydrolyzed form intravenously. None of the ob- 
jections raised to the administration of protein 
hydrolysates intravenously to patients with liver 
disease has gone unchallenged, and the present 
paper suggests that they were unfounded." 

I. Clinical tolerance of parenlerally administered 

amino acids in liver disease 

For several years in this clinic protein hydroly- 
sates have been administered intravenously as a 
therapeutic adjunct in the treatment of patients 
with liver disease. The protein hydrolysates em- 
ployed (both add and enzymatically hydrolyzed) 
were as well tolerated clinically by patients with 
hepatitis (infectious, toxic, homologous scrum), 

" Because ot improved methods of manufacturing pro- 
tein hydrolysates, many of the untoward reactions of a 
decade ago are rarely encountered today. Impressions 
and conclusions made when less refined products were 
employed in the past should not necessarily continue to 
serve as crite.-ia of the s'alue (or lad: of \alue) of hy- 
drolysates now used. 
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cirrhosis of the liver (Laennec’s, biliary, toxic, 
pigment), Wilson's disease, liver coma, and ob- 
structive jaundice, as they were by patients with 
other illnesses or by normal individuals. The rela- 
tive freedom from untoward reactions following 
the rapid and repeated daily infusions for from two 
to four weeks of from 500 cc. to 1,000 cc. of the 
10 per cent solution of amino acids to the four pa- 
tients with severe liver disease observed in the 
present study confirms the previous impression 
that amino acids may be administered intraven- 
ously with relative impunity to patients with liver 
disease. The reaction incidence (nausea) of less 
than 8 per cent noted in the patients with liver 
disease was similar to that observed in a larger 
series of individuals following infusions of the 
same hydrolysate (28). 

II, Metabolism of pareiiferally administered 

amino acids in liver disease 

Evidence that the intravenously administered 
amino acids were normally metabolized by the pa- 
tients with liver disease was the positive nitrogen 
balance attained. Thus, three of the patients (J. 
G., B. B., and W. C.) maintained a positive ni- 
trogen balance with an average retention of 3 grams 
of nitrogen daily throughout the period of study. 
The nitrogen balance in one of these patients in- 
creased from + 2.2 grams daily to + 7.4 grams 
daily when the quantity of protein administered 
was doubled. The fourth patient (J, Q.) was in 
slight positive nitrogen balance while receiving 100 
grams of amino acids daily for six days. The 
latter individual, however, failed to maintain ni- 
trogen equilibrium while receiving SO and 75 
grams of amino acids intravenously daily for 22 
and for two days, respectively. Oral supplements 
of phenylalanine and threonine, amino acids which 
favor nitrogen conser\'ation in dogs (29), did not 
alter the negative nitrogen balance. The provision 
of SO grams of amino acids to this patient of large 
.'Stature only represented approximately 0.5 gram 
of protein per kilogram of body weight which bor- 
dcr.s on the minimum oral requirement (30). 
Furthermore, the quantitative requirement of hy- 
(Irolyzed protein administered intravenously is 
likely greater than that of an equivalent quantity 
of whole or of hydrolyzed protein given orallv 

(31, 32). Rccause the latter patient maintained 


nitrogen equilibrium while receiving 100 grams of 
amino acids intravenously daily, it is suggested 
that during the protracted period of negative ni- 
trogen balance he received an insufficient quantity 
of amino acids to fulfill the body protein require- 
ments, particularly in view of the adequate caloric 
intake maintained throughout the study (4,200 
calories daily). Thus, the provision of adequate 
quantities of amino acids intravenously permitted 
each of the patients with cirrhosis of the liver to 
achieve a positive nitrogen balance. The positive 
nitrogen balance did not reflect a retention of ni- 
trogenous products in the blood, for the serum non- 
protein nitrogen remained constant throughout the 
study (Table IV). 

Further evidence that the infused amino acids 
were completely metabolized was the failure to ob- 
serve a progressive rise in the serum alpha amino 
nitrogen concentration in the patient receiving 100 
grams of amino acids intravenously daily for 18 
days (W. C., Table IV). Although the ability of 
an impaired liver to deaminize promptly intra- 
venously administered amino acids has been ques- 
tioned, the blood amino acid values following in- 
fusions of protein hydrolysates do not differ 
greatly in normals and in patients with liver dis- 
ease, as shown in Figure 6. Thus, patients with 
liver disease are able to metabolize intravenously 
injected amino acids promptly and completely, 
whether given once as in the "tolerance tests” re- 
ported in the literature (2, 7-9) and plotted in 
Figure 6, or given repeatedly as in the present 
study. 
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The significance of the slight weight gain ob- 
served in each of the patients (Figures 1-4) is 
difficult to evaluate. Gain in iveight was associ- 
ated entirely in one patient (J. Q.) and, at least 
in part, in a second (J. G.) with fluid retention, 
since both developed minimal peripheral edema 
during the study. Since patients with “decom- 
pensated” cirrhosis of the liver have an avidity for 
sodium and water (33), it can not be stated with 
certainty that fluid retention did not occur in all 
of the patients in this study. 

in. Excretion of parenterally administered 
amino acids in liver disease 

It was reported previously from this clinic that 
the average daily excretion of alpha amino ni- 
trogen and of the 10 “essential” amino acids in the 
urine of patients with severe liver disease eating 
ad libitum did not differ markedly from normal 
subjects, although there was considerable varia- 
tion among patients in the quantity of individual 
amino acids excreted (34). Similarly, the “en- 
dogenous” excretion of amino acids by patient 
W. C.* was similar to that found in the normal 
(25). The present study presents further evi- 
dence that parenterally administered amino acids 
are excreted in patients with severe liver disease 
in a manner differing little from normal. The loss 
of alpha amino nitrogen in the urine by the patients 
with liver disease (Table V) was similar to that 
observed in a previous study in normals follow- 
ing infusions of equivalent quantities of the same 
hydrolysate (35). Thus, there Avas an average 
urinary loss following 500 cc. infusions of 9 per 
cent (range 3 to 13 per cent) of the amino nitrogen 
administered to normal subjects and of 3 and 6 per 
cent to patients with liver disease (J. G. and B. 
B.). The urinary loss of amino nitrogen following 
100 gram amino acid infusions averaged 14 per 
cent (range 9 to 19 per cent) in normals and 4, 
14, and 20 per cent in patients with liver disease 
(B. B., W. C., and J. Q.) . Furthermore, as in the 
nonnal individuals, the urinary excretion loss of 
alpha amino nitrogen of the patients with liver 
disease correlated more closely with the size of the 
infusion than with the speed at whidi it was given. 
A progressive increase in the urinarj' excretion of 
alpha amino nitrogen did not occur in an}' patient 
during the study (Table IV). 


The observation that patients with severe liver 
disease excreted fairly large percentages of ad- 
ministered threonine and histidine and smaller 
percentages of the other amino acids following in- 
fusions of the amino acid solution is further evi- 
dence that amino acid excretion in liver disease is 
normal, since these amino acids were similarly ex- 
creted following amino acid infusions in normal 
subjects (35). Furthermore, the post-infusion 
pattern of the “essential” amino acids excreted in 
the urine of the patients with cirrhosis was similar 
to that in normals, although the individual amino 
acids Avere not excreted in the same proportion as 
administered in either group (Table VI, Figure 
5). The excretion pattern folloAving the larger 
(100 gram) infusions in the patients Avith liver 
disease more closely resembled the pattern of the 
solution given than that folloAving the 50 gram in- 
fusions. It Avas previously observed in normals 
that the amino acid pattern folloAving rapid infu- 
sions of the amino acid solution more closely re- 
sembled the pattern of the amino acids given than 
that folloAving infusions given more slowly (35). 
Thus, the administration of amino acids intra- 
venously slowly and in small quantity is folloAved 
by excretion in the urine of but minimal amounts 
of amino acids in a pattern differing from the pat- 
tern of the amino acids given, AA’hile the infusion 
of amino acids rapidly and in large amounts re- 
sults in a greater excretion loss of alpha amino 
nitrogen and of individual amino acids in a propor- 
tion quite similar to that in the solution adminis- 
tered. As discussed previously (35), an interpre- 
tation of these obserA'ations is not possible until 
^ further data relating to renal clearance studies in 
man are available. Nevertheless, the similarity in 
the renal excretion of amino acids by normals and 
by patients Avith liver disease is apparent. 

IV. Therapeutic value of parenterally adminis- 
tered amino acids in liver disease 

Improvement in the liver disease AA’as observed 
in all patients during the period of study, as evi- 
denced by a progressive decline in the scrum bili- 
rubin, degree of jaundice, and urine bile in each pa- 
tient, a decrease in the size of the liA'cr and spleen 
in tAA-o patients, and a distinct improvement in the 
histologic appearance of the liA-er structure in the 
second biopsy obtained in one patient. Tiic im- 
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provement in the liver function tests and physical 
findings was as marked when insufficient amino 
acids were administered intravenously and nega- 
tive nitrogen balance resulted (patient J. Q., Table 
I and Figure 4), as when sufficient amino acids 
were available to attain positive nitrogen balance. 
This finding suggests that improvement in liver 
function in man can proceed even in the face of a 
negative nitrogen balance, perhaps as a result of 
mobilization of tissue proteins. That repair of 
injured tissue can take place during periods of in- 
sufficient dietary protein intake and negative ni- 
trogen balance by the diversion of nitrogen from 
one organ of the body to another finds support in 
several studies. Thus, some replacement of liver 
protein occurs in partially hepatectomized rats 
maintained on a protein-free diet (36), blood re- 
generation proceeds satisfactorily in anemic ani- 
mals and man during periods of negative nitrogen 
balance (37, 38), and considerable tissue repair 
(fibroplasia) occurs in the experimental wounds 
of rats maintained on a low protein diet (39) and 
presumably also during the “catabolic period” af- 
ter damage in man. Under these circumstances, 
however, an adequate protein intake and retention 
would be necessary in order to replace the de- 
pleted tissue protein, and perhaps to enhance re- 
pair of the injured tissue. 

Further studies in man are needed to determine 
whether liver repair is more satisfactorily achieved 
by an adequate rather than by an inadequate pro- 
tein intake, or by diets containing supplements of 
additional protein or of “lipotropic” substances. 
The present study does demonstrate, however, that 
liver repair in man can proceed when amino acids, 
even in amounts insufficient for nitrogen equil- 
ibrium, are administered intravenously as the sole 
source of nitrogen and of lipotropic substances ex- 
cept for small amounts of choline. 

Post and Patek observed that patients with cir- 
rhosis of the liver absorb and retain food protein as 
do patients with simple protein starvation, and 
differ from the latter group only by an impaired 
ability to synthesize serum albumin (27). The 
difficulty of increasing the serum albumin con- 
centration in undernourished patients with chronic 
liver cirrhosis by feeding a nutritious diet high in 
protein is well established (40. 41). Thus, it is 
not surjwising that the serum concentration of total 


protein and of albumin did not rise in the patients 
during the present study (Table I). 

It should be emphasized that the present study 
was undertaken to determine the clinical tolerance, 
metabolism and excretion, and therapeutic value 
of amino acids administered intravenously to pa- 
tients with liver disease. It is neither the authors’ 
intent nor desire to suggest that patients with liver 
disease receive each day a synthetic protein-free 
diet by mouth, and 50 to 100 grams of amino acids 
by vein as the sole source of nitrogen and of lipo- 
tropic substances. We firmly believe that therapy 
in liver disease is based upon the fundamental prin- 
ciple of insuring that nutritious food is eaten, di- 
gested, and absorbed. When an adequate intake 
of nutritious foods can not be maintained, however, 
the results of the present study indicate the desir- 
ability of providing the protein nutrients intra- 
venously as amino acids. 

SUMMARY 

1. Four patients with active cirrhosis of the 
liver were given a protein hydrolysate intra- 
venously daily for from two to four weeks as the 
sole source of nitrogen. A purified diet furnished 
adequate calories, but only small amounts of cho- 
line. 

2. The amino acid solution (50 to 100 grams of 
amino acids) was administered in one rapid in- 
jection each morning and was well tolerated clin- 
ically. 

3. The provision of adequate quantities of amino 
acids intravenously permitted each of the patients 
to achieve a positive nitrogen balance which was 
not associated with azotemia or hyperamino- 
acidemia, 

4. There was a loss into the urine of from 3 
to 23 per cent of the alpha amino nitrogen ad- 
ministered. This loss correlated more closely 
with the size of the infusion than with the speed at 
which it was given, and did not progressively in- 
crease in any patient during the study. The in- 
dividual amino acids were not excreted in the 
urine in the same proportion as administered, so 
that as a group the patients excreted fairly large 
percentages of administered threonine and histi- 
dine, a small percentage of arginine, and intermedi- 
ate percentages of the other amino acids. These 
data are similar to those observed in normals. 
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5. Improvement in the liver disease was ob- 
served in all the patients during the period of 
study, as evidenced by a progressive decline in the 
serum bilirubin, degree of jaundice, and urine bile 
in each patient, a decrease in the size of the liver 
and spleen in two patients, and a distinct improve- 
ment in the histologic appearance of the liver 
structure in one patient. 

6. Improvement in liver function tests and 
physical findings was even observed in one pa- 
tient who received insufficient amino acids and 
was in negative nitrogen balance for three weeks. 
This finding suggests that improvement in liver 
function in man can proceed even in the face of 
a negative nitrogen balance, perhaps as a result of 
mobilization of tissue proteins. 

7. It is concluded that intravenously adminis- 
tered amino acids were well tolerated by these pa- 
tients with severe liver disease, were metabolized 
and excreted in a manner differing little from nor- 
mal, and permitted clinical improvement although 
administered as the sole source of nitrogen and 
of lipotropic substances. 
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Since the advent of therapeutic surgical pro- 
cedures on the autonomic nervous system, in- 
creased interest has been shoAvn in drugs which 
block this fairly complex and enigmatic part of the 
nervous system. One of these drugs is a derivative 
of ergot, called dihydroergocornine (DHO-180). 
Some of its clinical applications have been re- 
ported by several workers, (1-6), showing prin- 
cipally its effects in hypertension, in which a low- 
ering of blood pressure was obtained. Bluntschli 
and Goetz (2, 5) reported cases in which they re- 
corded toe and finger volume, pulse volume and 
rate, and skin temperatures before and after ad- 
ministration of dihydroergocornine. They stated 
that vasodilatation and reduction of blood pressure 
in both normal and hypertensive subjects were pro- 
duced through functional blocking of sympathetic 
impulses by the drug. 

Ergot of rye has long been separated into com- 
ponent parts and many substances have been ob- 
tained from the crude drug. Stoll and his co- 
workers (7-9) have shown that ergot contains 
three alkaloidal groups, and six natural alkaloids, 
each of which has two isomeric forms. The three 
groups, and the alkaloids contained therein, are the 
ergotamine group, containing ergotamine and ergo- 
sine ; the ergotoxine group, made up of three alka- 
loids, ergocristine, ergokrjqjtine and ergocornine; 
and the third group with only one alkaloid, ergo- 
basine. These alkaloids have similar chemical 
structures and can be transformed into dihydroge- 
nated fonns. The latter have been found to be 
less toxic than the natural alkaloids. 

Since dihydroergocornine has been reported to 
have vasodilator properties by virtue of its purely 
sympathicolytic action (2, 3, 5, 6), we deemed it 
interesting to investigate its effects on the periph- 
eral circulator}' system in man, under carefully 
controlled laboratory conditions. 

’Fcliow in Medicine, Mayo Foundation. 


METHODS 

A group of 20 patients with various primary diagnoses, 
including Meniere’s syndrome, multiple sclerosis, head- 
aches of various types and hypertension, volunteered for 
this study. The ages varied between 20 and 63 years. 

Before the observations were begun, the patient re- 
clined quietly on a comfortable test bed for at least 30 
minutes, in a constant temperature room at 77° F. with 
a humidity of about 40 per cent. The blood flow in all 
four extremities was measured by means of the venous 
occlusion pJethysmograph with a compensating spirometer 
recorder (10). The arm plethysmograph included the 
hand, wrist, forearm and part of the arm up to 2 inches 
(about 5 cm.) above the olecranon process. The leg 
plethysmograph included the foot, ankle and leg up to 1 
inch (about 2.S cm.) below the tibial tuberosity. Finger 
and toe pulses were recorded by means of digital plethys- 
mographs on the right and left index fingers and on the 
right and left second toes. 

The heart rate and the systolic and diastolic blood 
pressures were recorded by means of the usual clinical 
procedures. Control values were established for heart 
rate, blood pressure and blood flow before the drug was 
given. These observations were again repeated at regular 
intervals during a period averaging 65 minutes and rang- 
ing from 15 to 85 minutes after the drug had been admin- 
istered. However, when the drug was given by infusion 
over a period of 20 minutes, additional observations were 
taken during the period of infusion. 

Dihydroergocornine was given in total doses from 0,25 
mg. to 0.4 mg. The dose varied from 0.0038 mg. to 0.008 
mg, per kilogram of body weighL In six cases the drug 
was given by continuous intravenous infusion in physio- 
logic saline solution containing 0.5 mg, dihydroergocor- 
nine (DHO-180) per 100 cc. and was administered over 
a period of 20 minutes. In 14 other cases the drug was 
given in a single dose by intravenous injection. 

3RESULTS 

Table I presents the changes in blood flow in the 
upper and in the lower extremities as well as the 
changes in heart rate and blood pressure of sub- 
jects who were given dihydroergocornine by in- 
travenous infusion in the amounts specified. The 
average increase in blood flow was J17 per cent 
for both upper extremities with a range of 35 to 
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TABLE 1 


Change in peripheral blood flow, heart rate and blood pressure after 
dihydroergocornine {DHO~180) had been given by infusion 



■ 

Blood flow, cc. i>er min. 
per 100 cc. of tissue 

Arms 

Blood flow, cc. per min. 
per 100 cc. of tissue 

Legs 

Heart rate, 
maximal 
change 

Blood pressure, 
maximal change 

Case 

Control 
before in- 
jection 

Maximal 
change 
after in- 
jection 

Per cent 
change 

Control 
before in- 
jection 

Maximal 
change 
after in- 
jection 

Per cent 
change 

Systolic 

Diastolic 

1 

H| 

3.8 

10.0 

+ 163 

2.3 

3.8 

+ 65 


mm. Hg 

- 5 

mm. Hg 

0 

2 


6.4 

12.5 

+ 95 

2.2 

3.0 

+ 36 

- 2 

-20 

-4 

3 


3.2 

7.5 

+ 134 

2.6 

3.3 

+ 27 

- 6 

-20 

-4 

4 


4.3 

5.8 

+ 35 

3.6 

8.6 , 

+ 139 

-12 

+28 

+4 

5 


4.4 

13.8 

+214 

2.6 

6.3 

+ 142 

-14 

-12 

-6 

6 

0,3 

4.9 

8.0 

+ 63 

2,6 

4.1 

+ 58 

-12 



Average 



+ 117 



+ 78 

- 8 

- 6 

-2 


214 per cent. The average increase in both lower 
extremities was 78 per cent with a range of 27 to 
142 per cent. The maximal change in blood flow 
occurred at an average time of 43 minutes after the 
infusion had begun and 23 minutes after the entire 
amount of the drug had been given. 

Table II shows the changes in blood flow in the 
four extremities, as well as the changes in heart 


rate and blood pressure of subjects given the drug 
by single intravenous injection. An increase of 
blood flow was observed in all but one patient. 
The average increase was 84 per cent with a range 
of 25 to 170 per cent in both upper extremities. 
The average increase in both lower extremities was 
63 per cent with a range of 8 to 1 12 per cent. One 
patient showed a decrease of 3 per cent in the 


TABLE II 


Change in peripheral blood flow, heart rate and blood pressure after dihydroergocornine 
{DHO-180) had been given by single intravenous injection 



Total 

dose 

Blood flow, cc. per min. 
per 100 cc. of tissue 

Arras 

j 

Blood flow. cc. per min. 

\ per 100 cc. of tissue 

Legs 

t 

Heart rate. 

Blood pressure, 
maximal change 

Case 

Control 
before in- 
jection 

Maximal 
change 
after in- 
jection 

Per cent 
change 

Control 
before in- 
jection 

[ Maximal 
change 

I after in- 
1 jection 

Per cent 
change 

maximal 

change 

Systolic 

Diastolic 

7 

1 0.35 

8.3 

11.8 

I + 42 

1 

3.1 

5.3 

+ 71 

beats per i 
min. j 

-16 i 

mm. Hg 
- 2 

mm. Hg 
- 4 

8* 

0.3 

3.0 

8.1 

* +170 

2.4 

3.9 

+ 63 

-10 

-30 

-10 

9 

0.35 

5.3 

9.1 

+ 72 

5.6 

8.8 

+ 57 

-28 

-18 

-14 

10 

0.35 

5.9 

11.7 

+ 98 

4.5 

8.6 

+ 91 

- 8 

+ 14 

+ 6 

11 

0.25 

2.4 

5.1 

+ 113 

2.4 

4.3 , 

+ 79 

-32 

-16 

- 4 

12 

0.3 

9.1 

11.4 

+ 25 

5.9 

6.4 1 

+ 8 

-10 

- 4 

+ 4 

13 

0.35 

3.2 

4.8 

+ 50 

1.9 

3.4 1 

+ 79 

-11 

- 6 

- 2 

14 

0.25 

6.2 

6.0 

- 3 

3.0 

3.4 , 

+ 13 

-14 

+ 6 

+ 10 

15 

0.35 

5.1 

11.4 

+ 124 

2.4 

4.4 

+ 83 

-13 

-16 

1 0 

16 

0.3 

5.4 

10.8 

+ 100 

2.5 

5,3 

+ 112 

-16 

-12 

+ 2 

17 

0.3 

4.9 

6.4 

*4" 31 

2.9 

3.5 

+ 21 

- 2 

- 8 

— 12 

IS 

0.3 

3.3 

S.5 

+ 152 j 

2.4 

3.2 

+ 33 

-12 

- 6 

0 

19* 

0.35 

8.7 

14.6 

+ 68 

4.3 

8.2 

+ 91 

-24 

-58 

— 18 

20 

0.3 

4.5 

10.4 

+ 131 ! 

3.8 

7.1 

+ 87 

-16 

1 

- 8 

Average 



84 



+ 63 

-IS 

i 

i - 6t 

1 

- 2t 


* Hypertensive cases, 
t Exclusive of cases S and 19. 
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blood flow of the upper extremities. The over- 
all average increase in blood flow for the entire 
group of 20 cases was 94 per cent in the upper ex- 
tremities and 68 per cent in the lower extremities. 

At an average time of 65 minutes after the drug 
had been given, final readings still showed a defi- 
nite increase in blood flow in all four extremities. 

There was no significant change in the systolic 
or diastolic blood pressure readings in any of the 
17 normotensive patients. However, in the two 
hypertensive subjects (cases numbered 8 and 19 
in the tables) there was a significant and marked 
fall in the blood pressure of both subjects. The 
maximal change occurred between 30 and 45 min- 
utes after the drug had been given. Tables I and 
II give the changes of blood pressure on the indi- 
vidual cases. 

The heart rate decreased in every case after di- 
hydroergocornine was administered. The average 
decrease was 13 beats per minute, with a range of 
2 to 32 beats per minute. Tables I and II give the 
changes in heart rate in the individual cases. 

No toxic or cumulative effects were noted in the 
three patients who were given the drug from eight 
to 20 times once daily on successive days by in- 
fusion of 0.5 mg, of dihydroergocornine (DHO- 
180) in 100 cc, of physiologic saline solution. 

Side reactions were common and were noted in 
19 of the 20 cases, but none were serious. Seven- 
teen patients complained of nasal congestion, which 
in most cases produced severe obstruction of the 
nasal passages. This occurred within 25 minutes 
after dihydroergocornine had been given and usu- 
ally lasted for about two hours. Benadryl, given 
to a few subjects, had no effect on reducing this 
congestion. Mild to moderate nausea occurred in 
seven cases and vomiting in only one case. Head- 
ache occurred in six cases and was moderately 
severe. A sensation of flushing occurred for a few 
minutes in four cases. Four patients experienced 
a sudden urge to urinate. This occurred at the 
peak of action of the drug and was not obseiwed 
in other cases during equally long and similar pe- 
riods when no drug was given. No flushing of 
the e-xposed skin surface nor sweating were noted 
in any of the cases. No pupillarj* changes oc- 
curred. 

Figures 1 and 2 show tj’pical blood flow curves 
before and at the height of action of the drug. 
Figure 3 shows the increase over the control in 


amplitude of the pulse in the fingers and toes 
after the administration of dihydroergocornine. 
The pulse tracings of the right and left index 
fingers and of the right and left second toes of 17 


CONTROL AFTER OHO-IBO. I.V. 



Fig. 1, a 


eOMTROU after DHO-IBO I.V. 



Fic. 1, b 


Fic. 1, a AXD b. REPPxsENTATnx Bux)d Flow Curves 
Before, axd 15, 30 axd 45 Mr.vcTES ArrER the I.vtra- 
VEXOUS AdMIMSTRATTON' or Dlnn)EOERCOCORKI!.-E 
a, left arm; b, right arm. 

The curves for the right arm arc mirror images of 
those for the left because each spirometer, as a unit in 
the compensating mcclranism, defiects the beam in the 
opposite direction. 
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Fig. 2, a 



Fig. 2 , a Asv b. Representatiit Blood Flow Curves 
Before, and 15, 30 and 45 Minutes After the Intra- 
venous Administration of DinyoROERGocoRNiNE 

a, left leg: b, right leg. 

The curves for the right leg are mirror images of 
tliose for the left (sec explanation under Figure 1). 


ot the 20 patients were taken before and at regular 
intervals after dihydroergocornine had been ad- 
ministered. There was an increase in the ampli- 
tude of the pulse in every case — in only one was 


the increase considered slight. Figure 4 shows the 
changes in blood pressure, heart rate and blood 
flow in a representative case. 

COMMENT 

The mechanisms by which dihydroergocornine 
exerts its effects are as yet not entirely clear. 


EFFECT OF DIHYDROERGOCORNINE ON 
DIGITAL PULSE VOLUME 



CONTROL 


20 MIN. AFTER 
OHO-ieO 








CONTROL 


20 • MlN. AFTER 
DHO-IBO 


---llJ lie! 


,ecb|(ii Iqr] 








Fic. 3. Finger-Pulse and Toe-Pulse Volume Re- 
cordings Before and 20 Minutes After Intravenous 
Injection of Dihydroergocornine 
Note the increase in pulse volume after the drug had 
been given. 



0.3 mg. i.v. 

Fig. 4. Blood Pressure, Heart Rate and Periph- 
eral Blood Flow Before and After Dihydroergocor- 
kine Was Given Intravenously 
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Rothlin (11) stated that dihydroergocornine has 
central and peripheral effects. Its effect on lower- 
ing body temperature is of central origin, since it 
may be blocked by general anesthesia. He further 
stated that the dihydrogenated alkaloids have a 
constrictive effect on isolated arteries, blood ves- 
sels in the rabbit’s ear and in the extremities of the 
frog. However, in addition to this direct effect 
on the vessels, there is a latent central sympa- 
thicolytic action. He did not observe any visible 
or latent effects on the isolated heart. 

In pithed animals the blood pressure is raised 
by direct vasoconstrictive action on the vessels, 
but in the intact animal the blood pressure is low- 
ered and there is a reversal of the epinephrine 
effect after administration of dihydrogenated al- 
kaloids. Thus the action of dihydroergocornine on 
the blood vessels in animals is bivalent in that 
central and peripheral mechanisms are present and 
act in competition with each other. The fall of 
blood pressure produced by the natural alkaloids 
is related to the inhibition of the vasomotor center; 
the fall in blood pressure produced by the dihydro- 
genated alkaloids is attributed to stimulation of a 
vasodilator center. Rothlin (11) attributed the 
decrease in heart rate to central stimulation of the 
vagal center. 

As is seen from the findings in this study, di- 
hydroergocornine produced an increase in the 
blood flow in the extremities in all but one case. 
The increase in blood flow in the extremities is in- 
dicated by the plethysmographic findings as well 
as by the increase in the amplitude of the pulse 
tracings. 

From the studies presented here, no accurate 
statement can be made as to the site of action of di- 
hydroergocornine. Bluntschli and Goetz (5) pre- 
sumed the site of action to be “in the medulla 
and/or hypothalamus.” 

Side effects in our series were more common 
than previously reported (1-3, 5, 6) and occurred 
with lower dosages. Because of this fact we de- 
cided against the use of doses larger than 0.4 mg. 

Conclusions about cumulative and toxic effects 
of the drug cannot be made from this study since 
only three patients were given the drug more than 
once. 


SUMMARY ANO CONCLUSIONS 

The effects of the intravenous administration of 
dihydroergocornine, an alkaloid of ergot, on the 
blood pressure, heart rate and peripheral blood 
flow were studied on 20 human volunteers. The 
drug was administered to six patients by intra- 
venous infusion of a solution containing 0.5 mg. of 
dihydroergocornine per 100 cc. of physiologic sa- 
line solution, and to 14 patients by a single intra- 
venous injection. The total dose varied from 0.25 
mg. to 0.4 mg. The blood flow was determined 
by means of a venous occlusion plethysmograph 
with the compensating spirometer recorder. 

Dihydroergocornine produced an over-all aver- 
age increase in peripheral blood flow of 94 per 
cent in the upper extremities, and 68 per cent in 
the lower extremities. In one case the blood flow 
in the upper extremities decreased 3 per cent. 

The blood pressure fell in the two hypertensive 
cases after administration of dihydroergocornine. 
In normotensives there was no significant change 
in blood pressure. 

The heart rate decreased in every case with an 
average reduction of 13 beats per minute. 

Side reactions were more common than pre- 
viously reported even with lower dosage. Nasal 
congestion, nausea, headache, flushing, an urgency 
for urination and vomiting were the side reactions 
observed. 

BIBLIOGRAPHY 

1. Bluntschli, H. J., Clinical obsen’ations on the sympa- 

thetic inhibitory’ effects of a new ergot alkaloid. 
South African M. J., 1947, 21, 21. 

2. Bluntschli, H. J., and Goetz, R. H., The effect of a 

new sympathicolytic drug (dihydroergocornine) on 
the blood-pressure with special reference to hyper- 
tension. South African M. J., 1947, 21, 3S2. 

3. Wilkins, R. W., Freis, E. D., and Stanton, J. R., 

Essential hypertension ; laboratory studies in huin.an 
beings with drugs recently introduced. J. A. M. .-S.. 
1949, 140, 261. 

4. Tandowsky, R. M., and Cerini, F. \^, High blocxl 

pressure aids. Science News Letter, 1948, 53, 404. 

5. Bluntschli, H. J., and Goetz, R. H.. The effect of 

ergot derivatives on the circulation in man with 
special reference to two new hydrogenated com- 
pounds (dihydroergotamine and dihydroergorr.r- 
nine). .-\m. Heart J., 1948. 35, 873. 

6. Freis, E. D., .Stanton. J. R.. .-nd Wilkins. R. W.. 

The c.ffcc{« of cert-ain dihydrf'Cer.M'.-i alkaloids of 



620 


D. W. HAYES, K. G. WAKIM, B. T. HORTON, AND G, A. PETERS 


ergot in hypertensive patients. Am. J. M. Sc., 
1948, 216. 163. 

7. Stoll, A., and Hofmann, A., Die Alkaloide der 

Ergotoxingruppe : Ergocristin, Ergokryptin und 
Ergocornin. Helvet. chim. acta, 1943, 26, 1570. 

8. Stoll, A., Hofmann, A., and Becker, B., Die Spalt- 

stiicke von Ergocristin, Ergokryptin und Ergo- 
cornin. Helvet. chim. acta, 1943, 26, 1602. 

9. Stoll, A., and Hofmann, A., Die Dihydroderivate der 


naturlichen linksdrehenden Muttcrkornalkaloide, 
Helvet. chim. acta, 1943, 26, 2070, 

10, Berry, M. R., Baldes, E. J., Essex, H, E,, and Wakim, 

K. G., A compensating plethysmokymograph for 
measuring blood flow in human extremities. J. 
Lab. & Clin. Med., 1948, 33, 101. 

11. Rothlin, E., The pharmacology of the natural and 

dihydrogenated alkaloids of ergot. Bull, schweiz. 
Akad. d, teed. Wissensch., 1947, 2, 249. 



STUDIES OF COPROPORPHYRIN. IV. THE PER DIEM EXCRETION AND ISOMER 
DISTRIBUTION IN THE URINE IN INFECTIOUS HEPATITIS, INFECTIOUS 
MONONUCLEOSIS, AND MECHANICAL JAUNDICE^ 

By CECIL JAMES WATSON, VIOLET HAWKINSON, RICHARD B. CAPPS , 2 
AND EMANUEL M. RAPPAPORT s 

(From the Department of Medicine, University of Minnesota Hospitals, Minneapolis, and the 
DeWitt and Schick V. S. Army General Hospitals*) 

(Received for publication December 29, 1948) 


The occurrence of increased amounts of por- 
phyrin in the urine in cases of liver disease was 
first duly emphasized by Archibald Garrod (1, 2). 
Garrod believed this to be hematoporphyrin, a 
confusion with coproporphyrin which was cor- 
rected by H. Fischer and Zerweek (3), and which 
undoubtedly depended upon the very close sim- 
ilarity of the absorption spectra of the two por- 
phyrins. When examined with the relatively crude 
spectroscopes available at the time of Garrod’s 
study, these porphyrins were indistinguishable. 
The investigations of H. Fischer, however, made 
it clear that hematoporphyrin does not occur in 
the urine, if, indeed, it occurs as a natural product 
at all. Studies of urinary porphyrin excretion in 
liver disease, subsequent to that of Garrod, have 
been for the most part of rather fragmentary na- 
ture, consisting of one or not more than a few 
examples of any one affection. The pertinent liter- 
ature has been reviewed within recent years (4, 5) 
and need not be considered here. Attention may 
be drawn, however, to the papers of Nesbitt and 
Snell (6, 7) and Localio and co-workers (8), in 
which considerable data were reported on the feces- 
urine ratio of coproporphyrin both in obstructive 
jaundice and liver disease. The papers of Watson 
(9, 10) and Dobriner (11) present limited data on 

2 Aided by grants from the John and Mary R. Markle 
Foundation, New York City; the Division of Research 
Grants and Fellowships, U. S. Public Health Service 
(Research Grant No. 345 ) ; and tlie Medical Research 
Fund of the Graduate School, University of Minnesota, 
Minneapolis. 

2 Formerly Chief of Medical Service, DeWitt General 
Hospital, U. S. A. Present address ; 122 South Michigan 
Avenue, Chicago, Illinois. 

2 Formerly Oiief of Gastrointestinal Service, Schick 
General Hospital, U, S. A. Present address: 14S 89th 
.‘\venue, Jamaica, New York. 

< Foimierly at Auburn, California, and Clinton, Iowa, 
respectively. 


the urinary isomer distribution (ratio of types I 
and III) in these conditions. Dobriner made sev- 
eral important observations in cases of catarrhal 
jaundice, obstructive jaundice, and cirrhosis of the 
liver, to which reference will be made again, in 
this and subsequent papers of this series. Studies 
of isomer distribution have been generally dis- 
couraged, however, by the lack of a method of 
isomer analysis applicable to small volumes of 
urine, and as a corollary of this, the lack of exact 
knowledge of the isomer distribution in normal 
urine. In previous papers a suitable method has 
been described (12, 13) and in paper I of this 
series (14) the results of the application of this 
method to normal urine have been given. The 
purpose of the present investigation was to deter- 
mine the total urinary coproporphyrin (UCP) as 
well as the isomer distribution in 24-hour samples 
from cases of infectious hepatitis at various stages 
of the disease, and also, for purposes of comparison, 
from cases of infectious mononucleosis and of me- 
chanical jaundice, the latter term being used to 
designate jaundice due to extrahepatic biliary ob- 
struction, or obstruction of the main hepatic ducts 
in the liver. It was also desired to assay the value 
of the UCP determination, relative to other meth- 
ods of studying liver function, as an indication of 
residual hepatic ‘functional impairment in cases of 
hepatitis at various periods after the disappearance 
of jaundice. 

ir.\TERIAL AND METHODS 

The method of Schwartz and associates (13) was used 
to determine the UCP and the isomer distribution. Re- 
cent evidence indicates that the true value for the UCP 
is appro.ximafcly 20 per cent higher than tiiat obtained 
with this technique. Nevertheless, all of tiic data given 
in the following may be compared directly with the nor- 
mal data given in paper I (14). 

The fractional scrum bilirubin was determined accord- 
ing to the modification of the Malloy-Evclj-n 

62 ] 
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described by Ducci and Watson (IS). The bromsuHalein 
retention in the blood was determined according to 
Mate'er (16), 45 minutes after injection of 5 mg. of the 
dye per kilo of body weight. The cephalin cholesterol 
flocculation test was performed according to Hanger 
(17). Cholesterol and cholesterol esters were determined 
by the method of Sperry and Schoenheimer (IS). In 
some instances the urine urobilinogen was determined in 
24-hour urine samples (19) ; in others the quantitative 
urine Ehrlich reaction (20, 21) was carried out on indi- 
vidual or two-hour samples. The number of copropor- 
phyrin determinations and the cases which were studied 
are given in Table I. 

As noted in Table I, the determinations were often 
repeated, either with relation to stage of the disease or 
fluctuation of the jaundice, or in some instances within 
a brief interval, for purposes of corroboration. The 
majority of determinations in the infectious hepatitis 
group were in the period after the disappearance of 
jaundice. 

RESULTS 

The data obtained in the five groups of cases (as 
noted in Table I), are given in Tables II-VI, re- 
spectively. The data in Table II permit some com- 
parison of the UCP in cases of hepatitis, with the 
results of other tests of liver function, as well as 


TABLE I 


Composition of clinical material arid- 
number of determinations 


Group 

Diagnosis 

Num- 
ber of 
cases 

[ Number 
j of dctcr- 
I ruinations 
of UCP 

Isomer 

analy- 

ses 

I 

Infectious hepatitis'* 

96 

172 

53 

2 

Infectious mononu- 
cleosisf 

25 

25 

16 

3 

Cancer of pancreas or 
bile ducts 

41 

46 

38 

4 ' 

1 

Common duct stone or 
stricture 

30 

49 

30 

5 

Cirrhosis (all types)! 

48 

95 

1 53 


* This group includes cases of epidemic hepatitis and 
homologous serum jaundice, some of which were studied 
in Minneapolis, and some at the Schick and DeWitt Gen- 
eral Hospitals of the U. S. Army, at Clinton la., and Au- 
burn, Cal., respectively; the urine porphyrin studies were 
carried out in all instances in Minneapolis. The group 
also includes cases of epidemic and homologous serum 
jaundice, and of sporadic hepatitis studied in Minneapolis. 

t These cases were studied on the Health Service of the 
University of Minnesota Hospital, Dr. Ruth Boynton, 
Director. Liver function studies in this group have been 
reported elsewhere by Dr. Ralph Peterson (26). 

t The cirrhosis data will be considered in detail in the 
ensuing paper of this series, but are included in the present 
communication for purposes of comparison, with particu- 
lar respect to the differential diagnosis of jaundice. 


UCP tn Relation to Duration of'Joundlce and 
Interval after Disappearance of Joundicc 



Fig. 1 
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TABLE n 


UCP in cases of infectious hepatitis, compared with stage of disease, symptoms, and status of the liver 



Initials 

Sex 

Age 

Date 

Week of 
disease 

Week after 
disappearance 
of jaundice 

Symp- 

toms* 

Liver 

cnl.t 

Tender- 

ness 

SB 

1' 

SB 

T 

Brom 

1 CC 

CE 

per 

cent 

UE- 

UU 
■ 24 
hr. 

UCP 

v/24 

hrs. 

1 

T. M. 

cf' 

30 

10-10 

10 

2 

0 

10 

+ 

0.7 

1.1 

■ 

3+ 

52 

0.6 


320 




11-21 

16 

8 

0 

3 

0 



B 

2+ 

66 



60 

2 

J.R. 

o’ 

28 

10-20 

4 

Never j 
Never j 

I 

0 

+ 

0.0 

0.03 

0 

1+ 

40 

■ 

■ 

143 




11-21 

10 

0 

1 

+ 



0 



B 

B 

86 

3 

F.F. 

c? 

31 

10-9 

34 

5 

I 

3 


0.0 

.44 

3 

0 


.25 


47 





11-15 

39 

10 

1 

3 

++ 



0 

0 

54 



77 

4 

R.V. 


27 

10-10 

11 

8 

I 

n 

0 




■ 


■ 

■ 

El 





11-20 

17 

14 j 

I 

B 

0 

.03 

0.1 

4 

B 

80 

B 

B 


5 

H.M. 

a 

m 

11-16 

22 

14 

0 

4 

0 

.2 

.65 

24 

i 

67 

3.8 


208 

6 

F.R. 

o’ 

26 

10-9 

6 

j 

0 

3 

+ 

3.7 

4.1 

m 

1+ 


0.7- 


319 















3.0 







11-16 

11 

j 

0 

3 


5.8 

9.2 

1 

■ 

33 



193 

B 

M. D. 

o’ 

23 

10-1 

13 

BBB 

I 

4 ! 

+ 

0.0 

0.17 

1 

0 

57 



65 

B 




11-15 

19 

MSm 

I 

5 j 

0 






1.8 


292 

8 

J.T. 

cf 

35 

10-7 

5 

1 

++ 

4 

0 

0.3 

0.7 

4 

0 

63 

■I 

■ 

193 




11-16 

11. ’ 


++ 

6 

++ 






B 

B 

99 

9 

H.C. 

o’ 

37 

9-20 

25 

BB 


2 

+ 1 

0.1 

0.2 

0 

0 

45 



159 





10-27 

30 


0 

1 1 

0 1 



I 

0 

56 

2.5 


133 

10 

R.C. 

icf 

28 

9-27 

11 

BB 

I 

3 

0 

0.5 

1.1 

9 


mu 

1.5 

■Hi 






11-21 

18 

BB 

+ 

2 

0 



5 


B 


B 


11 

P.U. 

& 

21 

10-2 

BB 

j 

+ 

2 

0 

2.7 

4.3 


4+ 

B 

2.3 


444 





11-16 

BB 

5 

0 

1 ® 

0 



0 

■ 

B 

0.5 


115 

12 

J.R. 

1 

6' 

21 

10-8 


j 

++ 

I 4 

+ 

3.1 

5.5 

0 

1 + 

36 

3.8 


448 





11-15 

8 

si j 

I 

1 

1 

+ 

1 








99 

13 

A. M. 

o’ 

21 


24 

4 

0 

0 

I 0 

0.1 

0.2 

8 

0 

47 

1.8- 


92 



1 


Bl 





1 






4.6 



14 

C.M. 

& 

37 

9-20 

36 

30 

++ 

1 

5 

++ 

0.3 

0.6 

■ 

0 

69 

2.0- 


161 









1 





Wtm 






1 

11-15 

39 

33 

I 

0 

0 



■ 



m 


52 

15 

W.W. 

o’ 

40 

9-24 

56 

46 

I 

1 

0 

0.0 

0.3 

0 

■ 

m 

0.7 


172 

16 

F.H. 

o’ 

40 

9-20 

3 yr. 

Appro.x. 

+ 

0 

0 

0.2 

0.44 

0 

0 

49 

l.I- 


187 






10 wk. 

3yr. 









3.3 







11-15 

3 yr. 

Approx. 

+ 

0 

0 








63 






14 wk. 1 

1 

3 yr. 

1 











17 

M.H. 

o’ 

B 

9-28 

4 

2 

0 

4 

0 

0.5 

0.65 

15 

0 


0.5 


213 

18 

J.H. 

cT 

23 

9-20 

1 yr. 

6 

+ 

3 

+ 

0.0 

0.2 

0 


60 

2.0 


189 






3 wks. 











19 

W. M. 



9-28 

10 

3 

0 

2 

0 

0.2 

0.58 

5 

0 


I.O 


96 

20 

yg 


m 

10-2 

19 

17 

0 

0 

0 

|g 

.44 


0 


2.3 


76 


* Symptoms; I — Indefinite or questionable; ++ mild or moderate weakness, fatifiuc. anorexia; -1- + -;- severe 
anorexia and weakness, jjatient verj’ sick but not comatose. 

t Enl.: Cm. below costal mar;gin in midclavicular line. Tenderness; -i- = «Ucht, -k-r ■= moderate, -r-'f-’r 
marked. 

Key; SB = Serum bilirubin Brom = % retention of Bromsulfalcin CC = Cephalin 

I = prompt direct in blood 45' after 5 mj;. per cholesterol flocculativn 

^ , kilo body weight at 24 hours 

~ Cholesterol ester ^ UE = L rine Ehrlich units per 2—4 I’.M. UU mg. urobilinogen in 24 hr. 

urine sample urine 





























































































































































































































































624 


C. J. WATSON, V. HAWKINSON, R. B. CAPPS, AND E. M. RAPPAPORT 


TABLE II — Continued 


Case 

no. 

initials 

Sex 

\ge 

Date 

Week of 
disease 

Week after 
disappearance 
of jaundice 

Symp- 

toms* 

Liver 

enl.t 


SB 

1' 

SB 

T 

Brom 

CC 

CE 

per 

cent 

UE 

uu 

24 

lir. 

UCP^ 

7/24 

hrs. 

21 

P.B. 

cf 

30 

10-1 

8 

1 

I 

6 

+ 

0.1 

mm 




1- 


159 












■1 




2.2 







11-15 

14 

7 

I 

5 

+ 

0.1 

■ 

0 

0 

56 

0.5 


94 

22 

R. G. 

cT 

28 

9-28 

10 

si j 

0 

10 

0 

1.7 

3.3 

9 

3 + 

22 

1.8 


167 





11-16 

16 

5 

0 

0 

0 

0.2 

0.7 

5 

0 

74 

0.6 


52 

23 

D.H. 

c? 

26 

9-26 

18 

10 

0 

0 

0 

.03 

A 

1 

2 + 

■ 

4.6- 


150 















H 

1.2 



24 

J.M. 

ci’ 

23 

10-2 

13 

2 

+ + "f 

4 

+++ 

EH 

.8 

5 

0 

52 

1.9 


67 





11-15 

19 

8 

0 

0 

0 

H 

.52 

2.5 

0 

58 

1.2 


37 

25 

V. N. 

o’ 

24 

lEBI 

■n 

n 

0 

0 

0 

.03 

.23 


■ 

■ 

■ 

■ 

69 




■ 

mm 



0 

0 

0 




1 

■ 

■ 

■ 

51 

26 

W.R. 

cj’ 

24 

10-1 

28 

24 

+ 

0 

+ 

.03 

.44 


0 

■ 

.8 


127 






34 

30 

0 

0 

0 





■ 



43 

27 

J.S. 

c? 

33 


12 

4 

0 

0 

0 

0.1 

.23 

12 

0 

49 

1.4 


256 






18 

10 

0 

0 

0 



0 





32 

28 

J.W. 

c? 

24 


28 

2-4 

+ 

3 

0 

0.5 

1.5 

10 

0 

51 

5.0 


197 





11-16 

34 

8-10 

I 

0 

0 






.3- 


116 





■■■ 











1.6 



29 

R.F. 

cT 

E 

11-15 

52 

28 

0 

2 

0 

0.01 

0.41 

E 

■ 


0.97 


53 

30 

E.P. 

c? 

28 

2-16 

4 

j 

+++ 

6 

+ + 4- 

17.0 

30.7 


3 + 

15 

1.8- 

15 

450 













H 



5.0 







3~26 


j 

I 

5 

0 

2.13 

5.13 

■ 

1 + 

62 

2.8 


410 





4-14 

12 

1 

0 

5 

0 

0.5 

1.75 



4.95 


336 

31 

E. C. 


E 

2-16 

13 

3 

+ 

0 

0 

0.5 

1.6 

1.5 

0 


0.5 


132 

32 

R.B. 

cf 

24 

2-17 

3 

j 

I 

0 

0 

1.0 

3.2 

7 

1+ 

79 

1.2 


240 





3-20 

7 

3 

0 

0 

0 

0.4 

1.2 

0.5 

■2+ 


1.7 


160 

33 

W.M. 

cf 

23 

4-4 

5 

2 

0 


0 

0.5 

1.6 

4 

0 

74 

E9I 


139 

34 

R.B. 

cf 

m 

2-16 

3 

j 

+++ 

5 

0 

10.9 

19.5 


3+ 


4.5 


490 

35 

R.R. 

cf 

35 

4-4 

28 

16 

+ 

3 

+ + 

0.1 

1.1 

0 

0 

76 

1.8 


47 

36 

CM. 

cf 

37 

2-16 

4 

1 

0 

0 

0 

0.6 

1.3 

0 

0 

71 

2.2 


150 

m 

L.H.- 

o’ 

25 

3-4 

23 

10 

++ 

8 

+ + 

0.1 

0.99 

0.5 

0 

63 

0.73 


86 

38 

H.J. 

o’ 

25 

4-4 

26 

15 

0 

0 

+ 

0.25 

1.1 


0 

76 

.96 

1.5 

136 




25 

4-^ 

10 

1 

I 

1 

0 

0.65 

1.65 


1 + 

■ 

n 


152 





4-14 

12 

3 

0 

0 

0 

0.4 

0.95 

1 

0 

■ 

m 


180 

40 

C. R. 

B 

B 

3-26 

1 yr. 

j 

+ + + 

5 

0 

8.0 

16.0 


3+ 

39 

8.0 


480 

41 

J.B. 

o’’ 

45 

2-5 

6 

4 

. I 

0 

0 

0.5 

1.0 

12 

1 + 

53 

12.0 


198 




2-16 

7 

5 

I 

0 

0 

0.5 

1.1 

15 

2 + 


2.2 


328 





3-13 

11 

9 

0 

0 

0 

0.2 

0.8 


1 + 

70 

0.9 


75 

42 

IQRI 

D 

44 

1 1-9-4C 

5 

j 

++ 

2 

0 

12.8 

22.2 

n 

4 + 

25 

0.1 


164 



H 


11-14 

6 

j 

+ -f" 

2 

0 

12.8 

24.3 


4+ 

31 


104 



■ 


11-24 

7 

j 

++ 

2 

0 

13.5 

25.6 


4 + 

25 

0.4 


156 


IIHl 

1 


11-27 

8 

j 

+ + 

2 

0 

12.7 

25.1 

■ 

44- 

20 

1.2 


225 

AS 

E. G. 

o’ 

45 

S-9-4( 

12 

i 

+ 

0 

+ 

2.5 

4.8 

■ 

0 

68 

1.6 


180 





S-22 

14 

j 


0 

+ 

1.4 

2.8 

1.4 

14- 

69 

0.5 


280 
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table II — Conlinued 


Case 

no. 

Initials 

Sex 

Age 

Date 

Week of 
disease 

Week after 
disappearance 
of jaundice 

Symp- 

toms* 

Liver 

enl.t 

Tender* 

ness 

SB 

1' 

SB 

T 

1 


CE 

per 

cent 

UE 

uu 

24 

hr. 

UCP 

7/24 

hrs. 

44 

B.K. 

c? 

32 

5-15-46 

18 

j 

+ 

5 

-f 

1.9 

4.5 

■ 


76 



465 




6-1 

20 

1 

+ 

3 

+ 

0.9 

1.8 


3-h 



134 





6-2 

20 

1 

+ 

3 

4 - 






0.9 


164 





7-10 

25 

6 . 

+ 

3 

0 

0.2 

0.5 

■ 

1-f 

67 

0.6 


94 

4S 

A.G. 

o’ 

21 

3-12-46 

19 

16. 

+ 

2 

+ 

0.2 

1.0 

3 

0 

73 

0.7 

10.4 





3-17 

20 

17 


2 

+ 













5-2 

26 

23 


0 

. -f- 

.06 

0.8 


0 

74 ' 


1.0 






10-16 

48 

45 


0 

0 

0.1 

0.7 


0 


0.5 


249 

46 

A. G. 

c? 

40 

4-16 

1 

j 

+ 

2 

0 

4.1 

7.1 

■ 

4-t- 

75 

a 

22.3 






4-24 

3 

si j 


0 

0 

0.9 

m 

m 

4-f 


Bi 



47 

A. C. 

9 

28 

4-13 

3yr. 

1 yr. 2 mo. 

+ 

1 

++ 

0.1 

0.7 

3% 

i 

75 

1.7 


72 

48 

C. M. 

cf 

m 

5-26 

8 

j 

I 

1 

4* 

26 

37.9 


i 

■ 

4.6 


420 

49 

V.A. 

o’ 

41 

2-24 

8 

j 

j 

1 

+ 

2 

4* 

5.9 



0 

55 

m 

IfB 

445 





3-15 

11 

+ 

2 

0 

2.6 

Ko 






554 





4-8 

14 

0 

0 

0 

0.6 

1.5 


2-f 

69 


liJn 

302 





5-6 

18 

5 

0 

0 

0 

0.3 

0.8 


0 



B% 

188 





6-17 

23 

10 

0 

0 

0 

0.2 

0.6 


0 



■uk 

259 





8-8 

30 

17 

0 

0 

0 

0.2 

0.6 

3% 

0 


H 

1.2 

253 

50 

M.B. 

9 

30 

12-1 

lyr. 

About 

I 

0 

0 

0.2 

2.1 

2% 

1+ 

74 

0.6 

1.0 

36 






11 mo. 












51 

L.H. 

9 

32 

9-4 

2 

j 

j 

+ 

1 

4* 

1.8 

3.0 

30.5 

4-f 

35 


20.0 

265 





9-7 

2 • 

‘ 4 ' ' 

1 

4 “ 








642 





9-24 

3 

1 

0 

0 

0 

.16 

0.7 

3 

4-f 




148 

52 

M.H. 

9 

27 

2-28 

16 

1 

+ 

1 

+ 

0.8 

1.7 

12.5 

3-f 

60 


2.6 

116 

53 

I.S. 

9 

52 

12-4 

17 

j 

4* 

0 

0 

1.2 

2.2 


2-f 

67 


0.7 

130 

54 

G.B. 

cf 

30 


31 

13 

+ 

+ 

0 

0,2 

2.0 

2.4 

0 


■■ 

11 

143 





la 

37 

19 

0 

+ 

0 

0.2 

1.8 

2.0 

0 



0.3 

135 

55 

A.B. 

cf 

40 

4-30-46 

28 

22 

+ 


0 

0.2 

2.8 


m 



■ 

35 

56 

P. T. 

cf 

54 

4-28-46 

2 

j 

+ 

4* 

+ 

15.4 

26.7 

■jH 

3 + 
0 

26 

10.0 

B 

611 





6-7-46 

7 

1 

-f 

0 

0 

0.6 

1.2 


67 

m 

B 

105 

57 

G.T. 

cf 

50 

4-19-48 

2 

j 

-f- 

2 

4- 

im 

m 


4-f 

50.5 

11.2 

B 

224 





5-8-48 

4 

4 

4 - 

2 

-f- 

14.7 



4-f 

21 


1.0 

245 

58 

M.S. 

9 

19 

7-17-47 

2 

Never j 


-f- 

4" 

0.2 


Q 

1 + 



1.5 

45 

59 

H.F. 

9 

37 

7-2-47 

4 yr. 

4 yr. 

+ 

0 

0 

0.2 

i.i 

3 

0 



■ 

153 

60 


Q 

47 

5-2-45 

2 

i 

4- 

1 

4" 

9.0 

13.0 

■ 

3+ 

i 

■ 

■ 

178 

61 

R. G. 

cf 

21 

7-1-45 

12 

10 

4- 

1 

-f 

0.1 


1 

0 

i 

a 

0.3 

119 

62 

H.H. 

cf 

50 

3-18-48 

3 

j 

4- 

a 

4* 

1.3 

EH 

B 

3 + 

0 

67 

B 

IE 






3-29-48 

5 

1 

+ 


4 " 

0.4 

I.I 

■ 









4-11-48 

7 

3 

+ 

n 

+ 




0 



IE 


. 




4-25-48 

9 

5 

0 

0 

0 


■ 

■ 

0 

■ 

■ 

In 





with the patients’ s>Tnptoms, approximate liver 
size, and degree of tenderness, at various stages 
of the disease. Table IIA includes supplementary 
data on the UCP; in these instances additional 
information as to hepiatic function n'as lacking or 
fragmentaiy. 


In Figure 1, the toIucs for UCP in the cases of 
hepatitis are plotted with relation to tlic duration 
of jaundice or the inten^al from the disappearance 
of jaundice. This figure includes all of the deter- 
minations in all cases in which there had been 
jaundice. As a matter of fact, the present mate- 
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TABLE IIA 


TABLE in 


Additional UCP determinations in cases 
of infectious hepatitis 


Coproporphyrin isomer distribution in 24-hour urine 
samples from cases of hepatitis 


Case no. 

Initials 

Age 

Sex 

< 

Presence 
or absence 

3f jaundice 

UCP in 
7/24 hra« 

63 

J.B. 

67 

9 

+ 

257 

64 

A. P. 

29 

9 

— 

206 

65 

E. S. 

30 

cf 



'739 







448 





+ 


1425 





•s 

472 







220 







155 






1 

ri34 





— 

\ 

91 






1 

1158 

66 

C. R. 

31 

(? 

— 

197 

67 

E. R. 

24 

& 



r 39 







42 





— 

-! 

77 







120 







- 37 

68 

J. M. 

59 

& 


432 

69 

L. S. 

42 

d' 

+ 

451 

70 

I. N. 

24 

d 

+ 

252 

71 I 

C. L. F. 

23 

d 

+ 

346 

72 

0. D. 

54 ! 

d 

+ 

205 

73 

L. F. 

45 

d 

+ 

242 

74 

S. S. 

55 

9 

+ 

265 





— 

235 

75 

M. A. 

25 

d 

— 

151 

76 

J. M. 

21 

d 

+ 

170 

77 

W. S. 

23 

d 

+ 

312 

78 

N. T. 

21 

9 

+ 

197 

79 

J.O. 

34 

d 

+ 

222 

80 

H. W. 

42 

d 

+ 

505 

81 

D. W. 

27 

d 


150 

' 82 

R. S, 

23 

9 

+ 

241 

83 

R. K. 

24 

d 

+ 

314 

84 

•B. R. 

30 

d 

+ 

296 

85 

P. T. 

21 

d 

+ 

210 

86 

C. S. 

26 

d 

— 

160 

87 

J. G. 

27 

d 

— 

208 

88 

F, W. 

4 

d 

+ 

179 

89 

M. G. 

25 

d 

— 

141 

90 

R. F. 

25 

d 

— 

540 

91 

B. R. K 

. 22 

9 

+ 

177 

92 

H. F. 

53 

d 

— 

145 

93 

G. G. 

23 

d 


210 

94 

T. C. 

40 

d 

+ 

304 

95 

C. B. 

74 

d 

+ 

279 

96 

E. E. 

20 

9 

+ 

182 


rial includes but one instance of what was believed 
to represent hepatitis without jaundice (Case 2 in 
Table II). The upper limit of normal of lOOy, as 
indicated in Figure 1, was established with rela- 
tion to the value of the mean plus two standard 
deviations, or 97 y. One instance of the 53 in 
the normal group was above this value, with 99 y 
(see paper I of this series [14]). 

As shown in Figure 1 and Table II, a number 
of the cases of hepatitis were first seen in a late 
stage of the disease, weeks or months after the 




Isomer distribution in 


Case no. 

UCP in 
-y/24 hrs. 

per cent 

Type III 
7/24 hours 



I 

III 

4 

209 

88 

12 

25.1 

6 

319 

92 

8 

25.5 

8 

193 

92 

8 

15.4 

10 

138 

84 

i 16 

22.1 

12 

488 

96 

4 

19.5 

14 

161 

81 

19 

30.6 

15 

172 

80 

20 

34.4 

19 

96 

90 

10 

9.6 

23 

ISO 

90 

10 

15.0 

26 

127 

87 

13 

16.5 

27 

256 

93 

7 

17.9 

30 

450 

98 

2 

9.0 

32 

160 

93 

7 

11.2 

34 

490 

99 

1 

4.9 

36 

ISO 

93 

7 

10.5 

38 

136 

92 

8 

10.9 

39 

152 

91 

9 

13,7 

40 

480 

96 

4 

19.2 


1 

[198 

88 

12 

23.8 

41 


328 

90 

10 

32.8 


1 

[ 75 

87 

13 

9.8 


1 

'164 

92 

8 

13.1 

42 


106 

156 





1 

225 

89 

11 

24.8 

43 

) 

ri80 

90 

10 

18.0 

1 

280 

86 

14 

39.2 


1 

’465 

95 

5 

23.3 

44 


134 

164 

89 

11 

18.0 



94 






1203 




45 


460 

93 

7 

32.2 


129 

90 

10 

12.9 



249 




46 

779 

96 

4 

31.2 


356 




47 

72 

86 

14 

10.1 

48 

420 

91 

9 

37.8 

49 

445 

90 

10 

44.5 

53 

130 

91 

9 

11.7 

54 

143 

91 

9 

12.9 

67 

120 

85 

15 

18.0 

69 

415 

89 

11 

9.8 

72 

205 

80 

20 

41.0 

75 

151 

79 

21 

31.7 

79 

222 

90 

10 ! 

22.2 

84 

296 

90 

10 

29.6 

86 

160 

91 

9 

14.4 

87 

208 

94 

6 

16.5 

88 

179 

83 

17 

30.4 

89 

141 

86 

14 

19,7 

90 

540 

96 

4 

21.6 

91 

177 

92 

8 

14.2 

92 

145 

85 

15 

21.8 

93 

210 

95 

5 

10.5 

94 

304 

89 

11 

33.4 

95 

279 

98 

2 

5.6 

96 

182 

86 

14 

25.5 


disappearance of jaundice. At least two of these 
are sufficiently instructive to be given in more de- 
tail in the following; 
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table IV 

VCP ani isomer dislribulion in cases 
of infectious mononucleosis 


Case 

UCP in 
yj2A hrs. 

Isomer distribution 
in per cent 

Type III In 
' y/24 hra. 

1 

m 

1. D.J. 

189 

88 

12 

i 23 

2. B. R. 

163 

81 

19 

31 

3. M. G. 

410 

96 

4 

16 

4. L. V. B. 

147 

80 

20 

' 29 

5, G. B. 

364 

89 

11 

i 40 

6. H. S. 

111 

82 

18 

20 

7. E, S. 

. 425 

92 

8 

34 

8. P. C. 

123 

82 

1 18 

22 

9. C. M. 

1 282 

93 

1 7 

20 

10. E. B. 

133 

80 

20 

27 

11. E. F. 

249 

95 

5 

12 

12. E. W. 

113 

90 

10 

11 

13. D. S. 

219 

85 

15 

33 

14. F. K. 

113 

90 

10 

11 

15. T. G. 

143 

88 

12 

17 

16. D. E. 

152 

92 

8 

12 

17. F. S, 1 

46 




18. S. A. 

133 1 




19. R. G. 

71 * 




20. D. D. 

45 




21, C. A. 

177 




22. A. H. 

42 

1 



23. K. M. 

73 


1 


24. C. D. 

77 




25. G, L. 

122 



- 


1. Case 45, A, G., male 21, farmer. The patient 
was first seen at the University Hospital on March 
11, 1946. He stated that about six months earlier 
he developed nausea and anorexia, shortly fol- 
lowed by jaundice which persisted for two months. 
During the last four months he felt fairly well and 
had resumed his work, but was bothered by per- 
sistent discomfort and tenderness in the right up- 
per abdomen. Examination revealed an enlarged 
tender liver and a palpable spleen. Routine labor- 
atory studies were normal. As seen in Table II, 
the fractional serum bilirubin, thymol turbidity, 
cephalin cholesterol flocculation, bromsulfalein, 
cholesterol and ester percentage, were all within 
normal limits. The serum proteins, hippuric acid 
synthesis, and prothrombin time were also normal. 
The urine Ehrlich test on individual samples rvas 
normal, but the 24-hour urine urobilinogen was 
10.4 mg., in other words, considerably elevated. 
The UCP was markedly increased, usually above 
200y/24 hours (see Table II), The liver biops}' 
revealed evidence of an active hepatitis, i.c., small 
foci of cellular exudate with occasional necrosis, 
but no fibrosis. 

2. Case 49, V. A., male, 41, illustrator. This 


case is presented in more detail because of the 
unusually favorable opportunity for study that was 
presented during the latter weeks of a prolonged 
“catarrhal” jaundice or sporadic infectious hepa- 
titis, Following is a brief summary of the salient 
clinical features ; 

The first day of observation, Figure 2, was Feb- 
ruary 24, 1947. At this time the patient had been 
jaundiced for two months. On December 7, 1946, 
he experienced an acute attack of diarrhea, nausea 
and vomiting, of 12 hours’ duration. He recovered 
and felt quite well, but on December 26, he noted 
fever, malaise, and pain in the muscles. His urine 
became dark, and he consulted a physician who 
made a diagnosis of infectious jaundice. When 
first seen at the University Hospital the liver was 
moderately enlarged and tender. Within three 
weeks the tenderness had disappeared and the 
jaundice had markedly diminished. The liver was 
still palpable. By April 8, the jaundice had disap- 
peared though the serum bilirubin was still dis- 
tinctly elevated. Although the patient’s appetite 
had returned, a moderate lassitude persisted 
throughout the summer. He did not have energy 
enough to play golf which he ordinarily enjoyed. 
By November of 1947, however, he believed that 
he had regained an entirely normal status. As 
noted in Figure 2, the results of the liver function 
studies, except the UCP, were normal by the 65th 
day of observation (corresponding to April 30, 
1947) , The UCP, however, remained considerably 
elevated, the value on the 171st day (August 14, 
1947), being 253. Later determinations have con- 
tinued to show abnormally high values, as seen in 
Table VII. The patient feels quite well (De- 
cember 15, 1948) but has now developed a number 
of small spider nevi over the neck, upper chest, and 
hands. The liver is palpable at the costal margin, 
not tender. 

The total coproporphyrin values together with 
the percentage and actual amount of each isomer 
as determined in 46 cases of infectious hepatitis, 
are given in Table III. Similar data for llie in- 
fectious mononucleosis group are shown in Table 
IV. In Figure 3, the initial -values obtained for 
the total UCP and per cent of t\-pe III isomer, in 
the first 40 cases of hepatitis to be studied in this 
way, are plotted in comparison -^rith the %-aIucs for 
the normal (Minneapolis) series preriously re- 
ported (14), and for 38 cases of acute poliomyelitis. 
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The latter data have also been reported previously 
(22) and are included here only for purposes of 
comparison with the results in the hepatitis cases. 
One instance was of particular interest because of 
the likelihood of coexistence of infectious hepatitis 
and poliomyelitis. 

Case 51, L. H. female, 32, housewife. This pa- 
tient was seen during the epidemic of poliomyelitis 
in 1946. She complained of headache and stiff 
neck, and there was fever. The spinal fluid was 
found to contain 17 mononuclear cells per cu. mm. 
When first seen, there was distinct jaundice, in ad- 


dition to the findings indicative of poliomyelitis. 
A history was obtained of painless jaundice suf- 
fered by her son and several individuals in the 
neighborhood about six weeks earlier. The patient 
had observed dark urine at the outset of her own 
illness. The liver was not palpable or tender at 
any time. The laboratory data as seen in Table II 
revealed marked liver functional impairment. The 
first UCP on September 4, was 265 y/24 hours; 
three days later it was 642 y, and at this time 82 
per cent was type I, the remainder type III. This 
represents 116 y of type III. In paper I of this 


TABLE V 

UCP in cases of cancer of the pancreas, bile ducts, or liver 


Case 

no. 

Initials 

Sex 

Age 

Diagnosis 

Diag- 

nosis 

by* 

Date of 
determi- 
nation 

SBt 

UCP 
7/24 bra. 

Per cent 
I 

Per cent 
III 

Tin/ 

24 bra. 

1' 

D 

1 

C. K. 

$ 

56 

Ca. bile ducts 

El 

8/27/44 

22.0 

25.5 

330 

95 

5 

17 







8/29/44 



269 









■ 

8/30/44 



380 




2 

J. W. 

o' 

51 

Adeno ca. of bile ducts 

0 

3/2/46 

12.8 

23.0 

314 

89 

11 

35 

3 

H.A. 

c? 

74 

Ca. C.B.D. 

0 

12/6/46 

16.5 

23.2 

257 




4 

H. A. 

cf 

59 

Ca. C.B.D. 

0 

7/18/46 

24.0 

41.6 

226 

81 

19 

43 

5 

G. H. 

9 

50 

Ca. C.B.D. 

0 

5/27/46 

15.1 

31.2 

381 

94 

6 

23 







5l29fi6 



172 




6 

0. 0. 

& 

53 

Ca. head of pancreas 

0 

4/26/46 

3.9 

6.5 

365 

86 

14 

51 

7 

E. P. 

d' 

77 

Ca. body of pancreas 

0 

12/10/45 

6.6 

9.6 

201 

78 

22 

51 







12/11/45 



180 










12/22/45 



144 




8 

G. S. 

d 

76 

Adeno ca. of bile ducts 

0 

12/25/46 

13.8 

24.0 

174 





W. G. 

d 

70 

Ca. pancreas 

A 

4/17/47 

■ 

■ 

196 

82 

18 

36 

10 

J.D. 

m 


Ca. pancreas 

A 

5/6/47 

■ 

H 

206 

80 

20 


11 

J.W. 

d 

67 

Ca. pancreas 

0 

11/18/44 

9.1 

15.8 

281 

91 

9 

25 

12 

C. A. 

9 

71 

Ca. pancreas 

C 

1/18/48 

15.6 

27.9 

188 

82 

18 

34 

13 

E.B. 

d 

65 

Ca. pancreas 

A 

5/17/47 

16.8 

31.0 

167 

85 

15 

25 

14 

S. B. 

d 

55 

Ca. C.B.D. 

0 

10/9/44 

8.0 

15.1 

282 

80 

20 

56 

15 

E. C. 

9 

62 

Ca. G.B. 

0 

6IH/47 

15.3 

26.0 

364 

75 

25 

91 

16 

C. C. 

d 

75 

Ca. liver 

0 

4/6/47 

0.1 

0.3 

331 

74 

26 

86 

17 

C. C. 

d 

56 

Ca. pancreas 

0 

9/24/47 

14.8 

28.0 

282 

62 

38 

107 

18 

A. D. 


54 

Ca. body pancreas 

0 

inm 

0.1 

0.4 

66 

81 

19 

12.5 

19 

H. E. 

ID 

67 

Ca. pancreas 

m 

\2l20lii 

28.5 

43.0 

217 

74 

26 

56.5 


• A «= autopsy f SB ■= scrum bilirubin 

O *= operation in mg. per 100 cc. 

C •= clinical study only 1' «= prompt direct; T •» total 
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TABLE V — Continued 


Case 

no. 

Initials 

Sex 

Age 

Diagnosis 

Diag- 
nosis : 
by* i 

1 

Date of 
determi- 
nation 

SBt 

UCP 
•y/24 hrs. 

Per cent 
I 

Per cent 
111 

T nil 

24 lirs. 

1' 

Bj 

20 

M. E. 

cf 

Wm 

Ca. pancreas 

0 

6/18/47 

9.0 

15.8 

443 

71 

29 

128 

21 

A. F. 


■ 

Ca. C.B.D. 

0 

10/17/47 



294 

70 

30 

88 

22 

P, G. 

d' 

74 

Ca. pancreas 

C 

8/23/47 

24.2 

42.1 

198 

80 

20 

39 

23 

H. G. 

1 d 

1 

65 

Ca. liver 

0 

2/27/47 



127 

69 

31 

39 

24 

N. H. 

d 

21 

Ca. liver 

0 

6/30/47 

0.1 

0.5 

79 

68 

32 

25 

25 

L. H. 

d 

69 

Ca. C.B.D. 

A 

10/21/47 

7.8 

14.5 

177 

77 

23 

41 

26 

R.J. 

? 

25 

Ca. pancreas 

0 

10/20/47 

6.3 

11.1 

242 

72 

28 

68 

27 

A.J. 1 

d 

45 i 

Ca. liver 

0 

4/24/46 

0.1 

0.9 

61 

71 

29 

18 

28 

H.J. i 

9 

66 

Ca. C.B.D. 

A 

8/13/46 

0.2 

0.4 

280 

74 

26 

73 

29 

M.J. 

9 ! 

56 

Ca. C.B.D. 

^ i 

3/3/48 

2.7 

3.8 

149 1 

72 

28 

42 

30 

S. K. 

d 

73 

Ca. liver 

C 

9/30/46 1 

16.0 

30.0 

297 

81 

19 

56.5 

31 

W. R. 

d 

70 

Ca. C.B.D. 

0 

2/1/46 

6.6 

9.8 

272 

77 

23 

62.5 

32 

F. U. 

d 

67 

Ca. pancreas 

c 

2/18/48 

10.0 

16.5 

190 

78 

22 

42 

33 

C. W. 

9 

58 

Ca. liver 

0 

7/13/46 

0.1 

0.8 

137 

1 84 

16 

' 22 

34 

L. W. 

9 

61 

Ca. C.B.D. 

0 

3/26/47 

8.7 

14.5 

214 

1 

70 

! 30 

64 

35 

J. W. 

d 

70 

Ca. head pancreas 

0 

3/2/46 

4.6 

8.7 

314 

80 

20 

63 

36 

H. K. 

d 

65 

Ca. bile ducts 

0 

2/4/47 

13.7 

1 

24.0 

204 

75 

25 

82 

37 

E. J. 

d 

60 

Adenoca of ampulla 

0 

8/14/47 

5.6 

12.2 

208 

71 

29 

71 

38 

N. P. 

d 

60 

Ca. pancreas 

0 

5/10/47 

0.4 

0.9 

113 

79 

21 

24 

39 

C. A. 

9 

68 

Ca. bile ducts 

0 

1 . . 

4/9/48 

3.6 

6.4 

175 

70 

30 

53 

40 

R. S. 

9 

53 

Ca. bile ducts 

! C 

7/10/48 

0.2 

1.1 

249 

81 

19 

47 

41 

B. W. 

9 

21 

Ca. bile ducts 

A 

1 

1/30/47 

5.6 

10.2 

300 

74 

26 

79 


scries, it was noted that 31 y was two standard de- 
viations above the mean for the normal group. 
Tiius it is evident that there may be a marked in- 
crease of one isomer, even though, percentagewise, 
the other one is preponderant. 

Tables V and VI include the data for the biliary 
tract cancer and the calculous groups respectively. 
Two exceptional cases included in Table VI de- 
serve individual consideration. Both of these ex- 
hibited considerable increases of type III isomer 
in contradistinction to the other members of the 
group, in which the increase was mainly of t}'pe I. 
In both, however, there were prominent features 
.«:cn-ing to distinguish them in other respects as 
well. In Case 2, gallstones were found in a large 


sub-hepatic pocket resembling an abscess ; the gall 
bladder and common duct were not identified and 
the surgeon believed that there had been a severe 
inflammation with considerable “breaking down of 
tissue.” The spleen, which was removed, weighed 
1270 gm., and was diagnosed as splenic hyper- 
plasia or Banti’s disease; liver biopsy revealed a 
definite early cirrhosis. It was impossible to ob- 
tain a history of alcoholism or other chemical ex- 
posure which might have explained the excessive 
type III coproporphyrin excretion in this case. 
The possibility of endogenous chemical intoxica- 
tion is considered because of the above operative 
findings. 

In Case 12, Table VI, necropsy revealed miliary 
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tuberculosis. The possible relationship of this 
condition to an excessive type III coproporphyrin 
excretion is not clear and is receiving further 
study. Again one must consider an endogenous 
chemical intoxication, due to extensive necrosis, 
as the important factor. 

A third case, not included in the tables, and which 
we have not been able to classify, was that of an 
aeronautical engineer, a male, 47 years of age, 
who was conducting research at very low tempera- 
tures. In fact, 24 hours before the onset of his ill- 
ness, he had spent an hour and a quarter in a cold 
chamber at — 60° F, wearing a suit specially de- 
signed for high-altitude flying. The temperature of 


his skin, measured by means of a thermocouple, 
fell to as low as 84° F during the latter part of the 
experiment. He felt fairly well until the next 
day when he noticed marked aching in the muscles. 
This persisted and the next day his temperature 
rose to 103° C. Two days later he became jaun- 
diced; the urine was dark and the stools light. 
The jaundice became more marked and persisted 
about two weeks, the maximum serum bilirubin 
being 6.8 mg. per 100 cc., of which 3.7 mg. was the 
prompt direct (one minute) type. The cephalin 
cholesterol flocculation test was 3 plus. The 24- 
hour urine urobilinogen was 113 mg. The UCP 
was 270 y/24 hours of which 90 per cent was the 


TABLE VI 

UCP in cases of common duel stone 


Case no. 

Initials 

Sex 

Age 

Date 

SB* 

UCP 
y/24 hrs. 

Per cent 

1 

Per cent 

in 

Tin/ 

24 hrs. 

Diagnosis 

bsT 

t' 

T 

1 

M. S. 

9 

70 

4/5/43 

5.8 

8,1 

230 

88 

12 

28 

0 

2 

C. M. 

9 

46 

8/18/44 

4.4 

Bl 

260 

35 

65 

169 

0 

3 

M. R. 

9 

32 

8/28/44 

2.7 

4.5 

120 




0 

4 

H. P. 

9 

50 

8/7/46 

5/5/44 

0.9 

13.0 

1.7 

16.3 

183 

330 

87 

13 

24 

0 

5 

gg| 

9 

IB 

1/13/47 

0.3 

1.5 

139 


imii 


c 

6 

H. B. 

d' 

46 

11/7/44 

0.4 

1.2 

230 

93 

Ijni 

16 

c 

7 

J.R. 

& 

58 

11/7/44 



202 

87 

13 

26 

c 

8 

E. S. 

9 

37 

12/15/45 

2.3 

4.8 

175 




0 

9 

■H 

1 

1 

9/16/46 

9/17/46 

9/18/46 

9/19/46 

9/20/46 

9/21/46 

9/22/46 

9/23/46 

2.3 

1.0 

3.9 

2.0 

325 

302 

330 

344 

264 

199 

152 

109 

92 

8 

26 

0 

10 




6/25/46 

6/26/46 

6/27/46 

6/28/46 

6/29/46 

7/1/46 

7/3/46 

7/7/46 

8.9 

3.5 

1 

509 

223 

216 

206 

180 

419 

218 

238 

95 

92 

5 

8 

25 

17 

0 

n 

B.S. 

1 ^ 


4/2/46 

0.3 

1.0 

248 

84 

16 

40 

c 

12 

M 

IH 


5/23/44 

5/30/44 

4.3 

4.9 

180 

184 

17 

83 

149 

A 


•SB « scrum bilirubin in f A autopsj- 
mg. per 100 cc, O ■= operation 
1' »= prompt direct C «= clinical study only 

T »= Total 
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TABLE VI — Continued 


Case no. 

Initials 

Sex 

Age 

1 Date 

1 

SB* 

UCP 

Per cent 

Per cent 

y III/ 

Diagnosis 

1' 

T 

y/24 hrs. 

I 

III 

24 hrs. 

byt 

13 

J. M. 

O’ 

72 

i 

9/17/47 

9/18/47 

9/20/47 

9/21/47 

4.5 

10.0 

575 

512 

263 

262 

83 

82 

85 

17 

18 

15 

97 

92 

39 

0 

. • 14 

M. S. 

9 

59 

1/25/48 

1.9 

3.8 

117 

90 

10 

12 

0 

IS 

R. B. 

9 

61 

1/25/48 

0.9 

1.6 

US 

88 

12 

14 

0 

16 

F. G. 

cf 

81 

4/29/47 

2.2 

3.7 

238 

93 

7 

17 

A 

. 17 

J.W. 

cT 

1 

72 

7/9/46 

0.4 

1.4 

1 

89 

91 

9 ! 

1 

8 

0 

■ 18 

].J. 

cT 

58 

3/3/46 

3.1 

6.5 

159 

81 

19 ! 

30 

o 

19 

A. H. 

9 

74 

9/3/46 

8.4 

12.9 

214 

77 

23 

49 

0 

20 

M. H. 

1 

cf 

46 

12/9/45 

0.2 

2.1 

172 

85 

15 

26 

c 

21 

M. C. 

9 

30 

S/S/46 

0.2 

1.7 

67 

82 

18 

12 

c 

22 

H. H. 

9 

37 

7/8/46 

0.9 

2.6 

116 

86 

14 

16 

0 

23 

C. F. 

9 

68 

1/8/47 

1.2 

3.0 

210 

91 

9 

19 

0 

24 

I. R. 

9 

40 

5/12/47 

0.1 

0.4 

64 

m 

21 

13 

0 

25 

A. F. 

9 

58 

9/18/47 

0.2 

1.1 

1 

116 

83 

17 

20 

c 

26 

I. M. 

9 

66 

4/4/48 

0.3 

1.3 

67 

79 

21 

14 

0 

27 

E. M. 

9 

38 

1/7/48 

0.1 

0.9 

108 

80 

20 

22 

c 

28 

K. H. 

cf 

71 

4/12/48 

1 

0.2 

1.1 

105 

90 

1 

10 

11 

c 

29 

C. H. 

9 

73 

2/13/48 

2.5 

4.9 

186 

1 

94 

6 

11 

o 

30 

DSI 

O' 

41 

11/15/48 

0.4 

1 1.4 

138 

88 

12 

17 

0 


TABLE vn 

UCP and isomer distribution in Case 49 {Figure 2) 



UCP in 

Per cent 

Date 

y/24 hrs. 

Type I 

2-25-47 

445 

90 

3-7 

593 


3-15 

554 


3-25 

400 


4-2 

413 


4-8 

302 


4-15 

275 

93 

4-22 

201 


4-29 

234 


5-6 

188 


5-13 

225 


5-20 

270 


6-17 

259 


S-S 

122 


8-14 

253 


1-29-48 

200 


2-8 

232 

94 

2-S 

290* 

95 

7-16 

130 


10-29 

266 



* Fc«s — amount for one day. 


type III isomer. The attack was relatively mild 
and the patient felt quite well six weeks later. 
This would in all likelihood have been accepted as 
an episode of sporadic infectious hepatitis if it were 
not for the curious circumstances at the outset, 
coupled with the result of the porphyrin determina- 
tion. The former might be regarded simply as a 
precipitating factor, but it was then found that there 
had been considerable alcoholism in the weeks or 
months preceding the onset of the jaundice, also 
that there had been moderate exposure to a num- 
ber of chemicals and heavy metals in connection 
with the patient’s research. Furthermore, the ex- 
cessive type III coproporphyrin excretion persisted 
long after the attack of jaundice which has just 
been described. On March 8, 1946, nearly two 
years later, the UCP was 208 y/24 hours with 65 
per cent type III; on August 14, 1946, it was 187 y. 
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and on November 23, 1946, 175 y. Thus, while 
it was impossible to classify this case, it appeared 
reasonable to believe that it was more likely due 
to extrinsic chemical and possibly physical fac- 
tors, and less likely to an infectious hepatitis, al- 
though a combination of chemical and viral fac- 
tors is a distinct possibility, 

DISCUSSION 

The present results reveal that the urinary 
coproporphyrin is quite uniformly increased in re- 
gurgitation jaundice, whether due to biliary ob- 
struction or to parenchymal hepatic disease. Fur- 
ther study is necessary to determine if this is due , 
only to regurgitation of bile into the blood stream, 
or to hepatocellular functional impairment, or to 
a combination. The persistent and often marked 
elevation of the urinary coproporphyrin long after 
the disappearance of jaundice points toward an 
hepatocellular or retention, rather than a cholangi- 
olar or regurgitation factor. The elevated values 
in obstructive jaundice, however, are perhaps in- 
dicative of the latter, particularly inasmuch as they 
were observed in relatively early cases before one 
would anticipate significant hepatocellular func- 
tional impairment. Van den Bergh (23) was im- 
pressed by the coproporphyrinemia and increased 
coproporphyrinuria in mechanical jaundice, and as- 
cribed them to regurgitation of bile into the blood. 
Gonzalez-Oddone, working in this laboratory, has 
observed ® that intravenously injected coproporphy- 
rin appears in the thoracic duct lymph of dogs 
having ligated common bile ducts, in this respect 
behaving like injected bromsulfaleih (24). Thus 
it appears that, in cases of jaundice, the copro- 
porphyrin may appear in the urine in excess as a 
result either of hepatocellular or cholangiolar im- 
pairment, in the first instance probably being re- 
tained and in the second, regurgitated from the in- 
trahepatic biliary system into the blood. The fact 
that the highest values are more likely to be en- 
countered in jaundice due to hepatitis or cirrhosis 
may indicate a combination of these factors in such 
cases. This is quite in harmony with the belief 
that in hepatitis, there is both hepatocellular and 
cholangiolar injurj', vaiydng in severity in dif- 
ferent instances and at different stages in the same 
instance (25). 

It is ap propriate to ask whether the increased 

® Unpublished observation. . 


amounts of coproporphyrin I in the urine of the 
present series of cases represents actual overpro- 
duction of this porphyrin, or merely a diversion of 
that which would normally be excreted in the 
bile and thence in the feces. There is actually 
no evidence of over-production. It has already 
been seen that the factors of retention and 
regurgitation are probably operative in reduc- 
ing the biliary excretion of coproporphyrin 
and increasing its excretion in the urine. The 
amounts in the urine in these cases do not exceed 
those of the normal feces in 24 hours. Thus the 
evidence so far available indicates simple diversion 
rather than over-production, at least in the majority 
of cases in which type I is preponderant in the 
urine. This may be true as well for other con- 
ditions in which increased amounts of coproporphy- 
rin I are found in the urine. Simultaneous studies 
of fecal and urinary excretion are needed, how- 
ever, before the question can be answered with 
certainty. The available evidence at the present 
time (4, 5) indicates that there are but two con- 
ditions under which an overproduction of the type 
I isomer may be anticipated: (I) porphyria, a 
constitutional metabolic fault; ( 2 ) increased eryth- 
ropoietic activity following increased blood destruc- 
tion or blood loss. In the case of the type III 
isomer, it is clear that there is often marked over- 
production and increased excretion from various 
causes (5). 

It appears unlikely that a determination of the 
total urinary coproporphyrin will frequently be 
of value in the distinction of parenchymal jaundice 
from jaundice due to extrahepatic biliary obstruc- 
tion. Careful study of the data obtained in the 
present study reveals considerable overlapping of 
values at various levels of icterus due to biliary ob- 
struction as compared with diffuse liver injury. 
In Figure 4 the values for UCP in the cancerous, 
calculous, and hepatitis-cirrhosis groups are plotted 
against the values for total bilirubin. The data 
for the cases of drrhosis included in this figure 
are considered in more detail in the subsequent 
paper of this series. It is seen in Figure 4 that 
while there is no distinct clea\*age between the 
hepatitis-cirrhosis and the other groups, the higher 
^•alucs with lesser dr^rees of jaundice arc more 
characteristic of tire former. It appears from these 
data that ^•alues of 250 7/24 hours, or higher, with 
total scrum bilirubins less than 6.0 mg., as enclosed 
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UCP-in gamma per dog 


Fig. 4. UCP and Total Serum Bilirubin in Cases of Biliary 
Tract Cancer, Common Duct Calculus, Infectious Hepatitis, and 
Cirrhosis 

in the shaded area in Figure 4, are much more increase or lack of increase of the UCP was as- 
likely to be associated with hepatitis or cirrhosis, sociated with other abnormalities, either sympto- 
than with extrahepatic biliary obstruction. matic, physical or laboratory in character. It is 

Insofar as hepatitis is concerned, the determina- seen that the. UCP was elevated in 11 instances 
tion of the UCP is of more value in detecting (groups 2a and 2c) in which the other laboratory 
residual hepatic functional impairment at varying findings were normal. Five of these had signifi- 
intervals after the disappearance of jaundice. In cant symptoms or physical findings and six did not. 
the present series 45 of 95 cases exhibited elevated The largest number of cases were in group 2b in 
values at varying intervals after disappearance of which there were symptoms or physical findings 
jaundice. together with other abnormal laboratory data. 

In Table VIII, the cases for which data were It should be noted that in a number of instances 
given in Table II, are subdivided as to whether the in this group the other laboratory abnormalities 


TABLE VIII 


Groups svith presence or absence of symptoms,* physical findings,* 
or abnormal laboratory data 

1. Symptoms or physical findings without abnormal laboratory findings 

2. UCP > 100 7/24 hr. (abnormal) 

a. Without symptoms or abnormal physical findings and without other 
laboratory’ abnormalities 

b. With symptoms or phy'sical findings and with other laboratory ab- 
normalities 


c. With symptoms or physical findings but without other abnormal 
laboratory data 

d. With other abnormal laboratory’ data, but without symptoms or 
physical findings 

3. UCP < 100 7/24 hr. (normal), with other laboratory’ abnormalities, 
and with or without physical findings 


Case nos. (as in Table II) 

3, 19, 29, 35, 37, 59 

4, 11, 15, 38, 49, 61 

5, 6, 7, 9, 11, 12, 14, 16, 17, 18, 
21, 22, 23, 27, 28, 30, 32, 33, 34, 
40, 42, 43, 44, 45, 46, 48, 49, 51 
52, 53, 54, 56, 57, 59, 60, 62 

8, 10, 26, 31, 36 

39, 41 


13. 20, 24, 47, 50, 55 


• Symptoms > I, li%’cr cnl. > 1 cm., liver tenderness -f or greater (see key. Table II). 


Total 

6 

6 

36 

5 
2 

6 
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were isolated; thus, in. Cases 7, 9, 18, 21, 23, 34, 
and 59, the only abnormality in addition to the ex- 
cessive UCP, was an elevated urine Ehrlich re- 
action ; while in Cases 33, 36, 43 and S3 the only 
other abnormality was in the serum bilirubin level. 

It was of particular interest to compare the 
UCP and the bromsulfalein retention, especially 
in those cases in which other findings were border- 
line. As noted in Table II, the bromsulfalein test 
was carried out 53 times in 43 cases. The UCP 
value corresponding in time with these determina- 
tions, was significantly elevated (>100 y/24 
hours) in 22 instances in which the bromsulfalein 
retention did not exceed 5 per cent; conversely, 
there was but one instance in which the opposite 
was true. This was Case 13 in Table II, in which 
the bromsulfalein retention was 8 per cent and the 
UCP 92 y/ 24 hours. Insofar as the UCP and 
cephalin flocculation tests are concerned, inspec- 
tion of Table II reveals a negative flocculation in 
a number of instances in which the UCP, was 
significantly increased; none are found in which 
the reverse was true. 

At present there is no way of determining 
whether residual functional impairment is synony- 
mous with persistent activity of a virus hepatitis. 


From a practical standpoint, at any rate, it is prob- 
ably wise to advise caution as to unusual activity, 
strain, fatigue, alcohol, etc., at least until the evi- 
dence of residual impairment has disappeared. 
Case 49 in Table II is an example of this problem. 
Further data for this case are given in Figure 2 
and Table VII. This individual was permitted 
to resume his normal occupation in spite of per- 
sistent elevation of the UCP, but at the same time 
he was enjoined to avoid undue fatigue, irregular 
hours of sleep and alcohol. One of the problems 
of the recovery state of hepatitis has been that the 
individual may complain of persistent weakness 
and fatigue even though the results of various liver 
function tests are normal or borderline. In a 
number of such instances included in the present 
study, the elevated urinary coproporphyrin gave 
indication of residual activity or impairment, and 
appeared to be correlated with the symptoms of 
fatigue, weakness or nervousness. Conversely, 
however, we have observed several individuals 
complaining of one or more of these symptoms yet 
having normal porphyrin values in addition to nor- 
mal composite liver function studies. In such in- 
stances it has been impossible to decide with cer- 
tainty whether the symptoms were on a psychic 
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basis or were in reality due to. residual hepatic im- 
pairment. Additional studies, including exercise 
tolerance with relation to coproporphyrin excre- 
tion, are desirable in order to determine the degree 
of assistance one may expect from this determina- 
tion. 

From the present results it is evident that the 
increase in UCP in hepatitis and mechanical jaun- 
dice is due in the main to increased excretion of 
the type I isomer. Inspection of the data in Tables 
III, IV, V and VI, reveals, however, that in some 
instances the amount of type III isomer exceeds 
the normal upper limit of 34 y/24 hours reported 
previously (14). In the hepatitis and infectious 
mononucleosis groups there are few of these and 
the excess is slight, probably within the limit of er- 
ror of the differential precipitation method (12, 
13) . The two outstanding exceptions were cases 
in the calculous group which have already been 
referred to ; one of these had a necrotic abscess with 
marked splenomegaly, and the other had miliary 
tuberculosis. In one additional instance (Case 
13 in Table VI) an unexplained absolute increase 
of type III coproporphyrin is noted, comprising, 
however, but 17-18 per cent of the total UCP. 
In the cancer group, there are quite a number of 
cases having considerable excesses of type III 
isomer even though type I is clearly preponderant 
in each instance. Frequency distribution curves 
for the three groups are shown in Figure 5. Sev- 
eral cases, already discussed, have been omitted 
in the preparation of this figure, because of signifi- 
cant peculiarities believed to place them in separate 
categories. These cases are numbers 51 in Table 
II, 2 and 12 in Table VI. Figure 5 reveals the 
relative frequency of increased coproporphyrin 
III excretion in the cancer group. Nineteen of 39 
cases in this group had values above 50 fig. in 24 
hours, while all of the 40 in the hepatitis group 
were below this level. Thus it is evident that the 
patients with cancer of the biliary tract or liver 
vary significantly in the composite, from the other 
groups, and especially from the hepatitis group, 
in respect to porphyrin metabolism. It appears 
that an absolute increase of the tjq)e III isomer 
greater than 50Y/24-hour urine sample, favors the 
diagnosis of cancer rather than hepatitis, and is 
nnich more likely to be encountered with cancer 
than with calculus, in the presence of regurgitation 
jaundice. The reason for this difference is not 


clear, but the possibility may be entertained of an 
endogenous chemical intoxication, from necrotic 
or abnormal cells. It is recognized too, that a con- 
stitutional factor cannot be excluded. 

SUMMARY AND CONCLUSIONS 

1. The total urinary coproporphyrin (UCP) is 
regularly increased above the upper limit of nor- 
mal of 100 y/24-hour urine sample, both in in- 
fectious hepatitis during the period of jaundice, 
and in cases of mechanical jaundice. The increase 
in cases of hepatitis often persists in some measure 
for considerable periods after the disappearance of 
jaundice and after the return to the normal range 
of conventional tests such as bromsulfalein reten- 
tion and cephalin cholesterol flocculation. In cer- 
tain instances the increase of the UCP has con- 
stituted the only objective evidence of residual 
hepatic functional impairment. 

2. In cases of infectious mononucleosis the UCP 
is commonly increased, usually in association with 
other evidence of hepatic functional impairment. 

3. Isomer analysis has shown that the increase 
in UCP in infectious hepatitis, infectious mononu- 
cleosis, and mechanical jaundice, is mainly due to 
the type I isomer. Certain exceptions are dis- 
cussed and it is shown that in cases of cancer 
of the pancreas, bile ducts, or liver, the increased 
UCP, although preponderantly type I, includes an 
absolute increase of type III with relative fre- 
quency. This has not been observed to any sig- 
nificant degree in cases of infectious hepatitis, 
infectious mononucleosis, or uncomplicated cal- 
culous jaundice. 
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The animal experiments of Acheson, Moe, and 
Pereira have shown that the tetraethylammonium 
ion is capable of relatively complete blockade of 
sympathetic and parasympathetic impulses at the 
autonomic ganglia (1-2). In the dog, the in- 
fusion of 20 mg. per kg. per hour will completely 
prevent the cardiac response to vagal stimulation, 
and the response of the nictitating membrane to 
preganglionic stimulation of the cervical sympa- 
thetic nerve (3). That the drug would also in- 
hibit autonomic tone in man has been demonstrated 
in previous reports (4-7). 

The purpose of the present investigation was 
1. to study the effect of tetraethylammonium on 
blood flow in the extremities of normal and sympa- 
thectomized persons by the more quantitative 
plethysmographic technique; 2. to establish the 
extent of sympathetic vasomotor' blockade pro- 
duced by the drug ; and 2. to compare its effect on 
peripheral blood flow with that of certain other 
vasodilating agents in common use. 

METHODS 

Peripheral blood flo\’/ was measured by means of a 
venous occlusion plethysmograph ■* according to the tech- 
nique described by Abramson ( 8 ). Collecting cuff pres- 
sures about 20-30 mm. of mercury below diastolic levels 
were selected and all subsequent determinations in any 
experiment were made at the same pressure in the col- 
lecting cuff. 

1 Presented before the National Meeting of the Ameri- 
can Federation for Clinical Research at Chicago, Illinois, 
April 28, 1947. 

" Supported by grants from Parke, Davis and Co., the 
Life Insurance Medical Research Fund, and the Division 
of Research Grants and Fellowships of the National In- 
stitute of Health, U. S. Public Health Service. 

’ Present address : Syracuse University College of 
Medicine, Syracuse, N. Y. 

* We are indebted to Dr. I. -Arthur Mirsky for the loan 
of the pletliysmographs used in this investigation. 


All blood flows were determined with the subject in 
the recumbent position, the room temperature at approxi- 
mately 70° F and bath temperature at 32° C. Foot blood 
flow was determined with the subject horizontal and the 
plethysmograph at body level. Forearm and calf blood 
flows were determined after excluding return circulation 
from the hand and foot by means of tourniquets inflated 
to exceed arterial pressure for five minute periods during 
which consecutive blood flow measurements were made. 

After the subject had rested 45 to 60 minutes, three 
to four series of blood flow determinations were per- 
formed. Each series consisted of five observations made 
at 30 second intervals in the resting state. During the 
experimental procedure blood flow was determined every 
30 seconds for 10 to 15 minutes or until a maximum had 
apparently been reached. The average of at least five 
consecutive determinations just prior to the test procedure 
was designated as the average resting blood flow and of 
five consecutive determinations at the time of maximum 
increase as the average maximal blood flow. 

In the sympathetic block experiments, resting blood 
flows were first obtained with the foot in the plethysmo- 
graph. It was then removed from the apparatus and 0.5 
per cent metycaine infiltrated in the region of L„ L,, and 
L 3 on one side according to the technique described by 
White and Smithwick (9), until paravertebral block had 
begun to take effect as judged by an increase in toe tem- 
perature with abolition of the temperature gradient be- 
tween toe and thigh. The foot was then replaced as 
rapidly as possible in the plethysmograph and observations 
were repeated at frequent intervals until blood flow had 
fallen toward resting levels. That we were able to re- 
cord the maximum flow after paravertebral block seemed 
apparent from the fact that the blood flow continued to 
increase for a while after the foot had been replaced in 
the plethysmograph and no decline appeared until after 
15 to 30 minutes of observations. 

Skin temperatures in the extremity opposite to the one 
enclosed in the plethysmograph were recorded by means 
of a Leeds-Northrup potentiometer, the thermocouples 
being held lightly in contact with the skin on the outside 
margin of the tip of the big toe or index finger, and on 
the anterior surface of the upper arm or thigh. 

The normal subjects referred to in this report con- 
sisted of seven healthy male college students in whom 
the effects of varying dosage of tetraethylammonium. 
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other vasodilating procedures, and paravertebral block 
were compared. The remaining normal subjects consisted 
of 16 male and seven female patients ranging in age from 
18 to 43, hospitalized for a variety of disorders but pre- 
senting no evidence suggesting the presence of any type 
of vascular disease. 


OBSERVATIONS 

1. Effect of tetraethylammonhmi on peripheral 
blood flow in normal subjects 
In Table I are presented the effects of the in- 
travenous injection of 500 mg. of tetraethylam- 


TABLE I 


Effect of tetraethylammonium chloride on peripheral blood flow and skin temperature in normal subjects 



Subject 

Sex 

Age 

Blood flow* 
cc.flOO ccjlimhfmin. 

Ratio 
TEA to 
resting 
flow 

Mean B.P, 
per cent 
change 
after TEA 

Skin temperate 

Toe-thigh 

ire gradient! ® C 

Finger-arm 

Before 

TEA 

After 

TEA 

Before 

TEA 

After 

TEA 

Before 

TEA 

After 

TEA 


H. T. 

M 

21 

4.2 

12.0 

2.9 

11 

1.8 

-2.0 




W. P. 

M 

18 

1.1 

9.2 

8.3 

-12 

5.6 

-2.8 




0. 0. 

M 

31 

2.9 

8.1 

2.8 1 

-10 

4.0 

0.3 




G. M. 

M 

25 

1.4 

6.5 

mSm 

- 8 

4.7 

-0.3 




E. M. 

M 

21 

2.0 

6.2 


0 

9.0 

0.6 




D. M. 

M 

24 

1.2 

12.5 


4 

6.0 

-2.0 



Foot- 

T. G. 

M 

36 

2.1 

9.8 

4.7 

- 8 

3.3 

-2.0 




B. F. 

M 

43 

Hi 

5.3 

6.6 

-10 

7.0 

2.0 




R. E. 

M 

18 


9.6 

4.8 

5 

7.2 

-0.4 

, 



J.B. 

M 

37 


8.5 

2.2 

- 3 

9.0 

0.9 




J. D. 

M 

21 


15.0 

3.4 

2 

2.8 

-2.2 




D. S. 

F 

27 

1.1 

6.4 

5.8 

-13 

8.0 

-0.5 1 




B. M. 

F 

21 

1.1 

16.0 

14.5 

-f 8 

6.8 

-3.6 




M. R. 

1 

F 

19 

0.5 

14.9 

33.0 

-1-20 

7.0 

1.6 



Average 

i 

2.04 

10.0 ! 

7.65 






i 

j.s. 1 

M 

37 

3.1 

3.8 1 

1.2 

-10 



7.0 i 

7,0 


E. W. 

M 

33 

4.9 

14.6 

3.0 

4 



2.0 

1.2 


W. R. 

M 

36 

2.2 

8.1 

3.7 

- 7 





Hand 

J. M. 

M 

30 

5.0 

26.3 

5.2 







R. F. 

M 

19 

5.2 

19.2 

3:7 







H. E. 

M 

18 

5.3 

23.9 

4.5 







J. M. 

F 

21 

1.2 

10.7 

9.0 




2.7 . 

-0.3 


M. A. 

1 

F 

27 j 

1.6 

12.5 

7.8 




9.0 

6.0 

Average 

1 

3.5 

14.8 

4.8 







J. D. 

,M 1 

21 

2.6 

5.0 

1.9 

2 



1.5 

1.7 


H. E. 

M 

18 

1.9 

4.9 

2.6 

1 



5.4 

-1.0 


D. M. 

M 

24 

3.0 

4.8 

1.6 

15 



8.1 

0 

Forearm 

E. M. 

M 

21 

1.0 

1.4 

1.4 

-20 



1.0 

1.0 


G. M. 

M 

26 

2.0 

1.8 

0.9 

- 3 



3.0 

3.0 


H. T. 

M 

21 

1.2 

2.0 

1.7 

0 

• 


4.5 

0 


R. S. 

F 

22 

2.1 

5.2 

2.5 

2 



4.2 

0 


M. B. 

F 

21 

2.8 

3.2 

1-1 

0 



7.9 

0 

Average 


2.07 

3.53 

1.7 







L. S. 

m 

18 


I.l 

1.6 

- 7 






A. H. 

BS 

31 


1.4 

1.1 

3 





Calf 

D. H. 

■9 

16 


1.2 

2.4 

0 






D. W. 


24 

0.5 

0.8 

1.6 







C. M. 

■9 

15 

0.8 

1.2 

1.5 

5 






C. B. 

Wm 

25 

0.3 

0.5 

1.7 

4 





Average 


0.7 

1.0 

1.6 

1 






flo-t) inA were ralculated as described in the text. The value before TEA represents the CTerage reslir.r 

^ 5 Cl • ■‘'■‘"‘s the average maximal flow. 

-b determined on the c.\tremity opposite to the one enclosed in the plcthvsmograph. 

>n temperatures were not siVnlfimnttv niterrvt K,. „r -rc-a .1.. 


Arm or 


thieVi octcrminea on me c.\tremity opposite to the one enclosed in the t 

crease*: in 'setre not significantly altered by injection of TE.A; consequently changes in gradient represent in 

arm or thi h ^^tnperatures. IVegativc ssalucs indicate that digital temperatures excel 


I temperatures exceeded skin temperatures of 
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EFFECT OF INTRAVENOUS INJECTION 
OF T-E-A-CL ON BLOOD FLOW IN FOOT 

H.T. NORMAL 21 YR. OLD W- CT 



;Fig. 1. Typical Response of Normal Subject to Intravenous Injection of 500 mg. of 

Tetraethylammonium Chloride 


monium chloride® on peripheral blood flovi^ and jects studied there was a tendency for the drug 
skin temperature. After the rapid intravenous in- to increase the blood flow in the foot and hand, more 
jection of the drug, the blood flow in the foot al- . than in normal male subjects. The skin tempera- 
ways increased; that in the hands usually rose; ture gradient between toe and thigh was always re- 
while calf and forearm blood flows were unchanged duced and often abolished while the temperature 
or increased only slightly. In the few female sub- gradient between finger and forearm was less regu- 

— j j r^ 'i, f • I T Tarly affected, A typical response is shown in 
® We arc indebted to the Department of Chnicai Invcs- . i ^ i • nr 

tigation, Parke, Davis & Co., for the supply of "Etamon” . ^oot volume usually increased after 

used in these studies. the administration of the drug and reached its 


EFFECT OF INCREASING DOSES Of T-E-A ON BLOOD FLOW 
OF LEFT FOOT AS DETERMINED BY 
VENOUS OCCLUSION PLETH YSM OGRAPH 

35 E. MC. NORMAL SUBJECT 



Fic. 2. Ls'cpxase i.v Blood Flow i.v the Foot After Tetraethylammonium Is 
ArraoxiMATELY Proportional to the Dose Administered ■ 
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peak at the time of maximum flow. The systemic 
hlood pressure did not fall markedly in any of die 
normotensive subjects studied, but pulse rate in- 
creased moderately after the drug. It was shown 
that tachycardia per se apparently had no effect 
on the plethysmographic measurement since com- 
parable increases in pulse rate induced by the ad- 
ministration of atropine, 1 mg. intravenously to 
three normal subjects, had no significant effect on 
the foot blood flow. 

2. Effects oj dosage aud route of administrafioti 

In three normal subjects it was demonstrated 
that greater and more prolonged increases in foot 
blood flow were obtained when SOO mg. rather 
than 300 mg. of the drug were given intravenously. 
A 500 mg. dose was not exceeded except in one 


case in which 700 mg. produced a greater rise in 
blood flow than 500 mg. (Figure 2) . In one sub- 
ject the intramuscular injection of 20 mg. per kg. 
resulted in a more prolonged but no greater rise in 
blood flow than a 500 mg. dose given intrave- 
nously. 

3. Effect of tetraetliylanmwnhim on reflex vaso- 
motor changes 

Following the injection of tetraethylammonium, 
the reflex vasoconstrictor response to pinprick and 
mental arithmetic was reduced or absent. Re 
spiratory and other rhythmic changes m limb 
volume were reduced (Figure 3). Reflex vaso- 
constriction induced by suddenlj' immersing an op- 
posite extremity in ice water was likewise obliter- 
ated by tetraethylammonium (Figure 4). 


REFLEX CHANGES mLlMB VOLUME 
BEFORE AND AFTER TEACI 


I- 



— ( — > — ' -» ■’ — --I — ' — r- 

TIMG IN MINUTES 


O 64 cc 


UMB VOLUME UZStc 


i 

4 2 




AFTER TEACI 


A 

3 



I — ^ — 1 , — — — . — , , 

TIME IN minutes 

Fig. 3. Reductios ix Reflex Cjiaxces in Limb Volume Aftep. 
.Autonomic Block.vde with Tetraetiiyl.\mmonium 

The upper tracing is a control plethysmographic obscn-ation. 
The lower record was obtained eight minutes after the administra- 
tion of SOO mg. of tetraethylammonium chloride intravenously. -At 
1 and 2 a painful stimulus (pin prick) was ajiplied. .At 3 tiic 
patient was given a problem in mental arithmetic to perfonn. 

Note the reduction in rhythmic volume chances and in tiic re- 
sponse to various stimuli after autonomic block. 
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Fk.. -I. ril.Ol KADK UK KkKI.KX V ASOCON STRICTIOX TO Col.l) StUMUI.US AkTER 

Ammonium 

Rcprcscnlative inflow curves in the hand have been selected from the 
plethysinograiihic tracings of a normal subject before and after 500 mg. of 
tetraethylammonium chloride intravenously. Numbers 2, S, and 8 were 
recorded 60 seconds after immersion of the opposite hand in ice water. The 
tracings on the left and right rcpre.scnt inflow curves one minute before and 
IN- minutes after cessation of the ice stimulus. 

It will be noted that the reflex vasoconstriction apparent in the first series 
of tracings was aboli.shed three minutes after tetraethylammonium chloride 
and had begun to return 15 minutes after the injection. 

marked diaphoresis occurred and no further in- 
creases in lilood flow in the foot could be produced. 
The increases olitained by this procedure showed 
considerably greater variation and were some- 
what less than after a single injection of 500 mg. of 
tetraethylammonium (Figure 3). When the drtig 


telrot-thylanniioniiijii compared to that 
■ayodilatiiui prin-ediires 

TiUTual .subjects vasomotor tone was re- 
eatiug the Inidy and three e.xtremities 
■etric blanket lor oG tn 4.'' minutes until 
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was given at the point of maximuni reflex vasodila- 
tation, onty minimal increases in blood flow were 
observed. 

(&) Vasodilaihuj drugs 

Observations on the effect of nicotinic acid, 
papaverine, aminophyllin, and nitroglycerin on 
foot blood flow were made in several normal male 
subjects in whom the effects of tetraethylammon- 
ium had also been studied. These drugs had far 
less effect than did tetraethylammonium given to 
the same subjects (Figure S). 

(c) Lumbar paravertebral block 

In four instances lumbar paraverteijral block 
was induced with metycaine before or after the re- 
sponse of the vascular bed in tlie extremity to tetra- 
ethylammonium had been tested. The block was 
usually slightly more than twice as effective as 


tetraeth3dammonium in increasing blood flow to 
the foot, and the hyperemia lasted from three to 
four times as long (Figures 5, 6). In cases where 
block appeared incomplete, as judged by a delayed 
or incomplete rise in toe temperature before placing 
the foot in the plethysmograph, and by a less than 
usual increase in blood flow, injection of tetra- 
ethylammonium resulted in further vasodilatation. 
Also when sympathetic block had begun to wear 
off, as manifested b}”^ a decline in blood flow in the 
foot, an increase in blood flow could be obtained 
b}' an injection of tetraethylammonium. 

5. Effect of tetraethylauDuonium on the sympa- 

theciomised extremity 

In one patient with early Buerger’s Disease, tet- 
raeth3dainmonium increased blood flow in the 
foot from 3 cc. to 10 cc. per 100 cc. of limb volume 
per minute. After lumbar sympathectomy blood 


500 MG. 
T-E-A-CI IV 


LUMBAR 

sympathetic 

BLOCK 


HEAT TO 
TRUNK 


PAPAVERINE 
60 MG. tv 

NITROGLYCERIN 
1.2 MG. SUB. 
LINGUAL 

NICOTINIC 
ACID 60 MG. IV 


aminophyllin 

500 MG. IV 


COMPARISON OF EFFECTS OF T-E-A-CI AND 
OF OTHER VASODILATING PROCEDURES ON 
BLOOD FLOW IN THE FEET OF NORMAL SUBJECTS 

W.H. I J.D. I H.T. I G.M. I R.E. | E.MC. | T.G. I A. A. 



10.6 


17 . 7 ^ 



7.6 


■ 30 
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f6B 
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O 5 10 15 O 5 10 15 O 5 10 15 O 5 10 15 0 5 fo 15 O ^To i ‘5 0 5 WtS 0 5 10 15 
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FlC. 5 

I.L-iigth of the solid bars indicates the increase in blood flow after the various procedures 
described in the left-hand margin of the figure. The increase in foot blood flow in cenlimcters 
per 100 cc. foot Yohime per inimitc is expressed numcricilly beside each bar. Experiments per- 
formed in the same individual on different days arc arranged in vertical columns beneath the 
subject’s initials. 

It will be observed that par.avertcbral block was the most effective vaso-lilating proCe<iure. 
that tetraethylammonium chloride and reflex body heating proiluced about onc-half as great an 
nwrease in foot blood flow and that certain common vase^lilator drugs were consi l-ra'.lv less 
effective. 
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Fig. 6. Comparative Effect of Tetraethylammonium and of Lumbar Paravertebral Block with 

Metycain on Foot Blood Flow in Normal Subject 
Note that at hciglit of sympathetic block administration of tetraethylammonium produced no significant 
change in lilood flow but that after the effects of the metycain had worn off, tetraethylammonium 
produced vasodilatation of somewhat lesser magnitude and duration. 


flow averaged 5 cc. per minute but injection of 
the drug was now without vasodilator etTect (Fig- 
ure 7). On 12 other occasions we have observed 
that svinpatliectomy lias abolislied the vasodilator 
response to tetraethylammonium. These observa- 
tions have been made four times with respect to 
blood flow in the hand and eight times with respect 
to blood flow in the foot, and as early as the sec- 
ond dav after operation and as late as the ninth 
month following sympathectomy. 

DISCUSSION 

Tetraethylammonium significantly increased 
blood flow to the foot in every normal subject stud- 
ied : it produced vasodilatation in the hand in seven 
of eight instances: while circulation in the forearm 
and call increased only slightly in most of the sub- 
jects. Tiiese pletliysmographic oi)ser\’ations cor- 
respond t') those of Slaughter. Brown, and Wakim 
( bh who ined an air displacement plethysmograph 
and nieasurefl circulatory changes in the hand and 
5‘'re.>.nn tw h'.it and calf. 


The increases in temperature following tetra- 
ethylammonium provide confirmatory evidence of 
the peripheral vasodilator action of the drug. This 
occurred regularly in the toes and frequently in 
the fingers. Elevation in skin temperature in the 
extremities of subjects with vasospastic peripheral 
vascular disease has been reported previously (4— 
7) . On the other hand, Boyd et al. (11). and De- 
Bakey ef al. (12) have found elevations of the 
digital temperature to occur less consistently both 
in the normal and in the subject with peripheral 
vascular disease. We are unable to explain these 
discrepancies but we believe that the plethysmo- 
graphic observations herewith reported provide 
convincing evidence of the vasodilator action of the 
drug, at least so far as the blood flow in the entire 
hand or foot are concerned. 

Since tetraethylammonium no longer produces 
vasodilatation after an extremity has been sym- 
pathectomized, it follows that the drug acts by al- 
tering sympathetic tone and not by any direct vaso- 
dilator action on the blood vessels. This conclusion 
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is further supported by the observations that the 
vasodilator response is reduced or abolished when 
vasoconstrictor tone is reduced by body heating and 
by the observation that vasoconstrictor reflexes 
following pain, cold, and mental activity are re- 
duced or abolished during the period of action of 
the drug. Finally, the less marked increases in 
blood flow in the forearm or calf following tetra- 
ethylammonium can be readily explained by the 
relative lack of vasomotor tone to these vascular 
areas (8) . Our clinical findings, therefore, are not 
at variance with the results of investigations per- 
formed in animals (1, 2). While it is impossible 
to prove the ganglionic site of action in the human 
subject as in the animal, it seems most likely that 
blockade of sympathetic impulses occurs in this 
location. 

If it may be assummed from our studies that 
lumbar paravertebral block produced complete in- 
hibition of vasomotor tone in the foot, the maxi- 
mum blood flow under these conditions averaged 
17.6 cc. per 100 cc. of foot volume in four normal 


subjects. This figure may be compared to an av- 
erage maximum flow of 9.9 cc. after administration 
of 500 mg. of tetraethylammonium. It would ap- 
pear that the increase in blood flow after this drug 
represented about one-half the possible increase 
had a complete chemical block been established. 
In larger doses it is probable that a more complete 
blockade could have been achieved since in one 
subject the response to the injection of 700 mg. of 
the drug was greater than after the administra- 
tion of 500 mg. and approximated the degree 
of vasodilatation to be expected from complete sym- 
pathetic block. However, we do not believe that in 
the average human subject more than 500 mg. 
can be administered with safety by the intravenous 
route. The failure to achieve greater inhibition of 
sympathetic tone was somewhat unexpected since 
the autonomic nervous system of the dog can ap- 
parently be blocked almost completely to pre- 
ganglionic faradic stimulation for a brief interval by 
doses of 4 to 8 mg. per kg. (3). If this were ap- 
plied to a human subject weighing 60 kg., it would 


PRE-SYMPATH ECTOMY 
SUBJECT C.H. 


2 DAYS POST- 
SYMPATHECTOMY 


5 DAYS POST- 
SYM PATH ECTOMY 



2 - 14-47 


2 - 18-47 


TIME 


a-2I-47 


Fu;. 7. Evfect of Tf.tr.\f.tiiyl.\mmonium on Blood Flow Before .\nd .-Xfter Sy.mfathectomy 
X’nsodilator response to tetraetliylanimoniunt occurrinti prior to sjnipatiicctoiny in a patient witlt 
early Buerger’s Disease was abolislied by the operation. Failure to increase blood How in synipa- 
thectomized extremity indicates that the drug has no direct vasodilator action in this tlo.'^agc. 

The sliglit decline in blood flow after tetraethylammonium on fifth jHist-opcrativc tiay v.a<^ prob- 
ably the result of parallel decline in blood pressure. It will he noted that b-'ly heating liheui-e 
faileil to prwhice vasodilatation on the fifth day following symiiathectomy. 
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mean that 480 mg. given intravenously should 
have produced a temporary but relatively complete 
blockade. 

Gibbon and Landis (13) and Coder and Mad- 
dock (14) have utilized reflex heat vasodilatation 
as a means of inhibiting sympathetic vasomotor 
tone. The degree of vasodilatation achieved was 
measured by alterations in the digital temperature. 
The extent of the peripheral vasodilatation, as 
measured in the plethysmograph, which could be 
induced by prolonged body heating in five normal 
subjects was more variable and of a lesser magni- 
tude than the response to 500 mg. of tetraethylam- 
monium. Despite the frequent obliteration of the 
temperature gradient between toe and thigh fol- 
lowing both these procedures, the increases in 
blood flow were far less than after paravertebral 
sympathetic block. It would appear from these 
observations that reflex beat vasodilatation like- 
wise does not produce a complete release of vaso- 
motor tone and the abolition of a skin temperature 
gradient does not necessarily mean that a complete 
sympathetic blockade has been achieved. 

While we made no extensive comparative stud- 
ies of the effects of various vasodilator drugs on 
blood flow in the foot, a few observations utilizing 
the plethysmographic technique have convinced us 
that, at least in the normal subject, measures in- 
volving an inhibition in vasoconstrictor tone re- 
sult in significantly greater increases in blood flow 
tban do those vasodilating agents which act on 
the peripheral vessels directly. The increase in 
blood flow following papaverine, nitrites, nico- 
tinic acid, and aminophyllin given intravenously 
was far less than that seen after lumbar sympa- 
tbetic block, tetraethylammonium, or reflex beat 
vasodilatation. The extensive studies of Abram- 
.son and his associates (S) on the effect of various 
vasodilator drugs and of Gubner ct «/. (15) on the 
efi'ects of glycine would suggest that increases in 
the peripheral blood flow of the magnitude which 
followed tetraethylammonium arc most uncom- 
mon. 

t'ON'CLUSIONS 

I. Tetraethylammonium in doses of 500 mg. 
intravenously produces an average seven-fold in- 
crea'^' in toot blood flow, a four-fold ittcrease in 
b.ati 1 Mo, i.I flow, and slight increases in forearm 


and calf blood flows in the normal subject as meas- 
ured by the venous occlusion plethysmograph. 
Digital skin temperatures are increased and the 
temperature gradient between tbigh and toe and 
forearm and finger are usually abolished or greatly 
reduced. 

2. The drug does not produce vasodilatation in 
the sympathectomized extremity. Its vasodilator 
action is therefore the result of the inhibition of 
sympatbetic vasoconstrictor tone. 

3. Sympathetic blockade is probably incomplete 
with the usual doses of tetraethylammonium toler- 
ated by the human subject. The vasodilatation in 
the foot, which follows 500 mg. of the drug, is 
about 50 per cent of that observed after lumbar 
paravertebral block. 

4. In tbe foot of the normal subject, the in- 
crease in blood flow is of much greater magnitude 
after tetraethylammonium tban after aminophyllin, 
papaverine, nicotinic acid, and nitroglycerin and is 
slightly greater than the vasodilatation following 
prolonged body heating. 
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Congestive heart failure is associated with re- 
duction of renal blood flow and retention of salt 
and water. The possibility has been raised that 
these changes may result from the concomitant 
renal anoxia (1, 2). The present studies are con- 
cerned with the effect of anoxia on the human kid- 
ney under situations of normal cardiovascular 
dynamics. 

METHODS 

In subjects with normal cardiovascular and respiratory 
systems, an arterial blood oxygen tension of approxi- 
mately 50 mm. Hg was induced by the inhalation of 14 
per cent oxygen. This concentration of oxygen was 
selected in order to induce a maximum degree of ano.xia 
compatible with minimal changes in cardiovascular and 
respiratory dynamics (3). Observations of discrete renal 
functions were then made in these subjects and compared 
with renal functions while breathing room air. Observa- 
tions were also conducted on emphysematous individuals 
who had arterial blood oxygen tensions of approximately 
50 mm. Hg while breathing room air and observations 
were repeated while breathing 100 per cent oxygen. In 
the latter cases, periods while breathing room air were 
considered to be anoxic periods and periods while breath- 
ing 100 per cent oxygen were considered control periods. 
In all cases. 20 to 45 minutes were allowed for equilibra- 
tion following a change of oxygen concentration in 
respired air. 

Glomerular filtration rate was measured as the inulin 
clearance and renal plasma flow as />-aminolnppurate 
clearance, following the principles outlined by Smith (4). 
An intravenous infusion of saline containing inulin and 
sodium /’-aminohippurate was administered at a rate of 
.1 ml./min. subsequent to an appropriate priming dose. 
Urine was collected in periods of 15 to 30 minutes 
through an indwelling multi-eyed catheter. At the end 
of each period the bladder was rinsed with distilled water. 
Urine samples for measurement of pH were collected and 
kept under oil. At the mid-point of each urine collection 
period. hloo<l was drawn annerohically from the femoral 

' This investigation has been aided by grants from the 
Josiah Macy Ir. roimdatinn and the Division of Research 
Grants and Fellowship' of the National Institute of 
Health. U. S. Public Health Service. 


artery through an indwelling needle. Heparin w'as used 
as an anticoagulant. The renal data in the tables repre- 
sent the means of three collection periods. 

Since the inulin and /'-aminohippurate were adminis- 
tered in an infusion, the addition of a small amount of 
normal saline to the circulating volume (500 ml. over 3 
hours) might be responsible for the observed changes in 
electrolyte excretion. To obviate this factor, the time 
relationship of the control to anoxic periods was varied. 
In CH, LS, LB, MH, and AIS, the control periods pre- 
ceded the anoxic periods. In KN, DV, and NG, the 
control periods followed the anoxic periods. MS w'as 
further studied to follow’ his return to the control levels. 

Inulin W’as measured in urine and plasma by Harrison’s 
modification (5) of Alving’s method (6). /'-Aminohip- 
purate was measured in diluted urine and trichloracetic 
acid filtrates of plasma by the Bratton-Marshall reaction 
(7). Sodium and potassium were determined with an 
internal standard flame photometer (8). Chloride was 
determined according to Wilson and Ball (9) ; phos- 
phorus according to Fiske and SubbaRow’ (10) ; ammonia 
according to Summerson’s modification of the Van Slyke 
and Cullen procedure (11) ; pH w'ith a Leeds and North- 
rup pH meter; urinary protein w’as determined by the 
micro-Kjeldahl technique using a trichloracetic acid pre- 
cipitation. 

Expired air w'as collected in a Tissot spirometer w’hich 
recorded respiratory rate and volume. The mouth piece 
and nose clip w’ere kept on the subject throughout the 
procedure except for a few minutes rest prior to a change 
in oxygen concentration in the inspired air. Arterial 
blood oxygen and carbon dioxide contents were deter- 
mined by the method of Van Slyke and Neill (12), and 
tensions by the direct method of Riley (13). Respira- 
tory gases w'ere analyzed in a Haidane-Henderson ap- 
paratus and micro-Scholander gas analyzer (14). 

The pulse rate and brachio-artcrial blood pressure w’ere 
recorded at five-minute intervals throughout any particu- 
lar procedure. Mean arterial blood pressure levels w’ere 
calculated by adding a third of the systolic and diastolic 
difference to the diastolic pressure. 

With a view to minimizing the problem of anxiety, 
prior to the day of experiment the subjects were cathe- 
terized and were acclimated to breathing through a Tissot 
spirometer. The subject was not informed of changes in 
o.xygen concentration during the experiment and gave no 
indication of having noticed the change. 



EFFECT OF ANOXIC ANOXIA ON THE HUJIAN KIDNEY 


649 


OBSERVATIONS 

There were slight alterations in respiration and 
circulation during inhalation of 14 and 100 per 
cent oxygen (Table I). The changes in respira- 
tion were all within the error of measurement. 
The average pulse rate did not change significantly 
in four observations while it rose 8 to 14 beats 
during anoxia in the other five. The average mean 
blood pressure during the anoxic periods was not 
different from that of the control except in one 
instance when it rose 13 mm. Hg during anoxia. 

Renal plasma flow did not decrease during the 
anoxic periods. On the contrary, there was a 
tendency for it to increase. In observations in in- 
dividuals with normal pulmonary function, three 
comparisons exhibited no appreciable change in 
renal plasma flow and four increased 13 to 20 per 
cent. In the two subjects with pulmonary emphy- 
sema, the administration of 100 per cent oxygen 
induced a fall in renal plasma flow ; considering pe- 
riods of breathing room air as the anoxic periods 
there was an increase in renal plasma flow of 29 
per cent in each subject during anoxia. The fil- 
tration rate did not change appreciably during an- 
oxia in four obserr'ations, increased 9 to 23 per cent 
in four, and decreased 19 per cent in one. 

The interpretation of /’-aminohippurate clear- 
ance as a measure of renal plasma flow is based 
on its almost complete extraction by the kidney. 
Under normal situations this extraction is at a 
maximum. A decrease in /;-aminohippurate clear- 


ance during anoxia would be difficult to interpret 
in terms of renal plasma flow if the anoxia altered 
its extraction. However, the observed clearances 
increased and a change in this direction can be 
interpreted as an increase in effective renal plasma 
flow. 

In the five comparisons where a change in pulse 
rate did occur, those which evidenced the greatest 
change in pulse rate did not have the greatest 
change in renal plasma flow. Since it has been 
observed that the increase in cardiac output which 
occurs during inhalation of anoxic gas mixtures 
results from an increase in pulse rate rather than 
stroke volume (15, 16), the observed changes in 
renal plasma flow are not considered to reflect 
changes in cardiac output. 

There was an invariable and frequently marked 
increase in the rate of sodium and chloride ex- 
cretion during anoxia (Table II). Sodium in- 
creased from a mean excretion of 162 /tEq./min. 
to 256 /lEq./min. Chloride increased from a mean 
excretion of 161 /lEq./min. to 245 /iEq./min. The 
urine flow tended to increase during anoxia pre- 
sumably in consequence of the increased concen- 
tration of sodium and chloride in the urine. The 
magnitude of change in salt and water excretion 
exhibited little if any correlation rvitli the magni- 
tude of change in filtration rate or renal plasma 
flow. 

Other electrolyte changes rvhich occurred during 
anoxia were not as marked as those of sodium and 


TABLE I 

Effect of anoxia on respiratory, cardio-vascular, and renal dynamics 


Sub- 

ject 

Pulmonary 

disease 

Arterial 
blood oxy- 
gen tension 

Respiratory 
minute volume 

Pulse rate* 

Mean arterial 
. blood pressure* 

Inulin clearancct 

/)-Aminohippuratc 

cicarancct 



Con- 

trol 

An- 

oxia 

Con- 

trol 

An- 

oxia 

mmw 

Change 

Con- 

trol 

An- 

oxia 

Change 

Con- 

trol 

An- 

oxia 

Change 

Con- 

trol 

An- 

oxia 

Change 

Con- 

trol 

An- 

oxLi 

Cliangc 

CHt 

l-St 

LBt 

MIU 

Ms: 

MSI 

KNI 

DVi 

NG5 

N'one 

None 

None 

None 

None 

None 

None 

Emphysema 

Emphysema 

mm. 

Hr 

97.6 

99.8 

97.0 

96.9 

9.5.0 
98.5 
93.3 

iosrc‘1 

mm. 

54.3 
50.1 

61.4 

49.0 

51.0 

51.0 
54.3 

57.5 

46.1 

LilsI 

min, 

4.7 

8.1 

7.4 

7.3 

8.3 

7.6 

8.6 

8.3 

9.4 

Lits! 

min. 

7.3 
8.7 

8.9 
8.0 
8.0 

9.3 

8.4 

9.9 

hits! 

min. 

-0.8 
+ 1.3 
+ 1.6 
-0.3 
+0.4 
+0.7 
+0.t 
+0.5 

1 

Beats 

(min. 

82 

84 

62 

75 

77 

77 

SO 

98 

94 

Beats! 

min. 

+ 3 
+ 2 
+ 3 
+ 8 

0 

+14 
+ 8 
+ 7 
-rl2 

mm. 

Hr 

89 

106 

95 

100 

116 

125 

102 

94 

89 


mm. 

Hr 
- 1 

- 3 
+ 1 
+ 1 
+ 13 
+ 4 

- 1 

- 4 

- 3 

ml.! 

min. 

95 

in 

101 

92 

72 

76 

111 

105 

107 

ml.! 

min. 

90 

121 

82 

92 

84 

84 

117 

129 

114 

per cent 
- 5J 
+ 9.0 
-18.S 

0 

+ 16.7 
+ 10.5 
5.4 

+22.8 
+ 6.5 

ml.f 

min. 

394 

60! 

613 

352 

347 

316 

402 

371 

276 

ml.! 

min. 

359 

652 

546 

434 

356 

356 

453 

450 

356 

per cent 

- 1.3 
+13.5 

— 2.8 
+ 13.6 

2.6 

-i-12.6 

+20.1 

-i-29.4 

-t-29.0 


Mc.in of consecutive five-minute observations. 

1 Me;in of obscrwilion periods, uncorrcctwl to surface area. 
t Control j>criods preceded anoxic perio^N. 

5 .jVnoxic ixriods precedeti control [xiriods. 

I! I’er cent hemoglobin saturation while breathint: 100 per cent oxvecn. Per cent s^ituration u-<fi in thi- i 
because the mea^surement of tension by RileyV method is inacctirate at tensions over 1 10 mm. He. The \ 1 dtlc^ 
tjreater than 100 per cent because of the ox>-gcn dissolved in the plasma. 










































TABLE II 

Effect of anoxia on renal excretion of electrolytes^ 

All values represent the mean of three consecutive periods 
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p. 

Change 
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o 
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*0 
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o 

O 

•■5 'OCOr'l-Tt<-;t;r<^re>0'0 


Ammonia 

bO 
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d 
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Anoxia 
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tij ’H CN CN lO lO 00 CN 

R (M CS -.-H fS 

14.0 

Control 
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Phosphorus 

Change 

I+++++ 1! 1 + 

+ 7.5 

Anoxia 
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*3 

Ui 

d 

o 

U 

a. 

od 
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CJ 

M 
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2 

0 
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o 

+ 
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o 

c 
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74 

*2 

c 

o 

V 
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00 

Urine flow 

o 

d 

2 

u 
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4-0.72 

Anoxia 

ro ^ 

a o 00 CN CN O 

2.29 

"o 

d 

o 

U 
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s ro^'OOOOvOON'OO 
.jj cSiOOCNOOOO^ 

1.57 
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QJ 

tc 

d 

2 

u 
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00 

+ 

rt 

*x 

o 

d 
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245 

*0 

d 

o 

U 
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^5CS<M 

o 
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2 

O 
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o 
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O 
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o o 
2 = 


p o 
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chloride. Urinary pH shifted to higher values in 
all observations except one but this subject had a 
control value of pH 7 . 6 . Ammonia production de- 
creased in all but one observation. Potassium ex- 
cretion increased in all but two observations. 
Proteinuria did not develop during anoxic periods. 

The phosphorus excretion usually increased as 
the experiment progressed irrespective of changes 
in blood oxygen tension. 

DISCUSSION 

A lowered arterial blood oxygen tension in sub- 
jects with normal cardiovascular function induced 
a marked increase in the renal excretion of sodium 
and chloride. In no instance did renal plasma flow 
decrease during anoxia. It would appear, there- 
fore, that anoxic anoxia per se is not the cause of 
the retention of salt and water nor in the reduc- 
tion of renal plasma flow observed in congestive 
heart failure. 

If arterial blood oxygen tension is lowered in 
normal subjects, renal plasma flow and sodium 
and chloride excretion increase. If arterial ox}’-- 
gen tension is raised in anoxic emphysematous 
subjects, renal plasma flow and the excretion of 
sodium and chloride decrease. 

The duration of anoxia was only one to two 
hours in the normal individuals in the investiga- 
tion, but the emphysematous individuals had main- 
tained a status of anoxic anoxia over a period of 
years. It is of interest that even in the latter sub- 
jects the effect of chronic anoxic anoxia on the kid- 
ney was readily altered. 

The effect of lowering arterial blood oxygen 
tension beyond 50 mm. Hg was not investigated as 
complicating changes in cardiovascular and pul- 
monary dynamics were likely to be introduced. 
It is to be noted that in congestive heart failure 
and in disease states associated with arterial oxy- 
gen unsaturation, oxygen tensions seldom fall be- 
low 50 mm. Hg. 

In the normal subjects during anoxia, oxj^gen 
tension in inspired air was 106 mm. Hg. Mc- 
Donald and Kelley (17) investigated renal plasma 
flow and filtration rate in dogs at simulated alti- 
tudes where oxygen tensions in inspired air were 
79.4 and 61.6 mm. Hg. They found renal plasma 
flow to increase at higher altitudes, observations 
which are in accord with those reported here. 
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The increase in urine flow in these studies con- 
firms previous work in the rat (18), dog (19), and 
man (20) where polyuria has been observed at 
higher altitudes. Burrill et al. (21) reported a 
rise in the excretion of sodium and chloride during 
one hour exposures of adult males to simulated al- 
titudes of 18,000 feet. Interestingly enough, they 
observed a compensatory retention of these ions 
following the exposure so that the 24 hour ex- 
cretion was not altered. 

The normal dog excretes excessive amounts of 
sodium and chloride when exposed to 10.5 per cent 
oxygen for 24 hours whereas the adrenalectomized 
animal fails to do so (22). Thorn (23) found 
rats treated with adrenal cortical extract survived 
longer at higher altitudes than untreated animals. 
These facts suggest the possibility that the changes 
in sodium and chloride observed in the present 
study may be in some way related to altered adrenal 
metabolism at low oxygen tensions. The behavior 
of potassium did not, however, conform to this 
hypothesis. 

SUMMARY 

Renal plasma flow in man did not decrease un- 
der situations of anoxia where arterial oxygen 
tension was lowered to about 50 mm. Hg. The 
most pronounced effect of lowered ox 3 'gen tension 
on renal tissue was the increased excretion of so- 
dium and chloride. Anoxic anoxia alone, there- 
fore, does not appear to be the cause of the reduc- 
tion of renal plasma flow nor the retention of salt 
and water observed in congestive heart failure. 
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Much has been written about the clinical mani- 
festations which indicate disturbances in function 
of the autonomic nervous system in numerous dis- 
ease processes. Various clinical signs are identi- 
fied with orthosympathetic or parasympathetic 
predominance. Autonomic drugs are used diag- 
nostically and therapeutically, and surgical pro- 
cedures have been devised which temporarily or 
permanently interrupt the neurogenic influences 
of this system upon the various parts of the body. 
Yet, consistently lacking have been objective tests 
which might indicate the nature or degree of ex- 
isting autonomic disturbances. The availability 
of such tests would materially facilitate an evalua- 
tion of the importance of the autonomic nervous 
system in such diseases as thyrotoxicosis, peptic 
ulcer, hypertension, bronchial asthma, and a large 
number of the neuropsychiatric disorders. 

Current concepts of the mediation of autonomic 
nervous system effects include humoral mecha- 
nisms. Investigation of the latter was the object of 
this study. 

The well known responses of isolated rabbit in- 
testine to epinephrine and acetylcholine have made 
possible its use as a method of identification of 
these substances in various solutions, including 
blood. The marked sensitivity and the relative 
specificity of the adrenergic response ( 1 ) as well as 
the simplicity of the method make it the best of the 
biologic tests for this substance so far developed. 
The cholinergic response is equally sensitive but 
much less specific since many substances besides 
acetylcholine cause an increase in the tone and 
contraction of the gut by their action upon the para- 
sympathetic ganglion cells in the walls of the 
muscle (2, 3). 

Isolated rabbit duodenum was used by Mil- 
horat, Small, Doty and Bartels (4) and Dicthelm, 
Doty and Milhorat (5) to assay the blood of pa- 
tients with emotional disturbances for adrenergic 

* Tin's study was made possible by a grant from tlic 
S. G. Hc.ith Fund. 


and cholinergic substances. They concluded that 
anxiety, resentment, and anger appeared to be ac- 
companied by adrenergic factors in the blood while 
tension and possibly fear were accompanied by 
cholinergic factors. Furthermore their results in- 
dicated no essential difference between normal and 
psychopathological emotions except in the inten- 
sity of adrenergic and cholinergic responses. 

If it is true that adrenergic and cholinergic sub- 
stances can be demonstrated in the blood of healthy 
individuals, one might expect qualitative or quan- 
titative differences of these substances in patients 
with diseases which are accompanied by evidence 
of disturbed autonomic function. In addition, au- 
tonomic nervous system surgery might be expected 
to alter these circulating substances, especially if 
the humoral mechanism of autonomic effect is sig- 
nificant. Two circumstances are recognized, how- 
ever: 1 . the human organism is capable of main- 
taining a remarkably fine humoral balance under 
normal and some abnormal conditions, and 2 . 
humoral influences are effected not only by the 
amount of a circulating material but also by the 
ability of a tissue to respond to it. 

PROCEDURE 

Rabbits were killed by the injection of air into an car 
vein. The intestine was cut at the pylorus and about 
10 cm. of the duodenum removed. After thorough wash- 
ing a piece 1.5 cm. in length was placed in 200 cc. of 
Ringcr-Tyrode solution maintained at a temperature of 
36° to 38° C by a tliermostatically controlled water bath. 
The solution was stirred gently by a stream of air. A 
recording lever was attached to one end of the muscle 
and the contractions were recorded on a kymograph. Tlie 
sensitivity of the preparation to epinephrine and acetyl- 
choline was determined by the addition to the solution of 
these drugs in varying amounts by means of long screw- 
controlled pipettes. .‘Xn amount was chosen which would 
give consistently a decisive but not jirolongcd effect. 
For acetylcholine this meant a concentration of 
000,000 to 1 ; 50,0(t0.0it0 ; for epinephrine it varied from 
1:100,000,000 to 1 : lO.OOO.m The acetylcholine was 


added first, followed by the epinephrine, after which 
preparation was washed and res-.Jsiwnded in fre'li Ki:: 
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Fig. 1 

1. Blood from normal male added — negative response. 

2. 0.15 cc. ACH, 1 : 10,000 added. 

3. 0.12 cc. EPH, 1 : 10,000 added. 

Tyrode solution. If epinephrine was added to a prepara- 
tion repeatedly without changing the Ringer-Tyrode solu- 
tion, the sensitivity of the tissue decreased with each suc- 
cessive application until finally the contractions continued 
with the usual amplitude and frequency despite the addi- 
tion of the drug. If, however, the tissue was then washed 
and resuspended in fresh solution, it again responded with 
its original sensitivity. This change in sensitivity with 
repeated applications of the drug has been noted by ' 
Hoskins (1) and Bernheim (6) although neither offered 
an explanation for the phenomenon. 

When the response of the preparation to known solu- 
tions of epinephrine and acetylcholine was determined, 
blood specimens were tested as follows. The blood was 
drawn from the patient’s median cubital vein into a 
syringe moistened with heparin and within three to 10 
minutes was added to the fresh Ringer-Tyrode solution 
in which the muscle was suspended. After the effect of 
the blood was recorded, known amounts of epinephrine 
and acetylcholine were added to this solution to test the 
tissue sensitivity. Thereafter, the tissue was again washed 
and suspended in fresh Ringer-Tyrode preparatory for 

1 2 3 

f' 1 J-.-l- - 



Fig. 2 

I. Blood from normal male addetl — indeterminate resi)onse. 

J. ec. ACH, 1; 10,000 added. 

O.OJ ee. EPH, 1 ; 10,000 added. 


another test. It was possible to use most muscle prepara- 
tions for four to six hours with no significant change in 
their response to the known amounts of epinephrine and 
acetylcholine. In some instances, in addition to the whole 
blood sample, blood was centrifuged, separated, and the 
plasma and cells tested separately. In these latter ex- 
periments, there was an interval of 35 to 45 minutes 
between the drawing of the blood and the addition of the 
separate constituents. Test solutions of varying concen- 
trations of pitressin were also used. 

1 2 3 



Fig. 3 

1. Blood from normal male added — CHO (2) response. 

2. 0.04 cc. ACH, 1 : 10,000 added. 

3. 0.04 cc. EPH, 1 : 10,000 added. 



Fig. 4 

1. Blood from hj'pertensive female added — prolonged 
CHO effect. 

2. 0.04 cc. ACH, 1 : 10,000 added. 

3. 0.04 cc. EPH, 1 : 10,000 added. 

Responses were recorded as. follows: “cholingergic” 
(CHO), meaning an increase in muscle tone and ampli- 
tude of contraction; “adrenergic” (ADR), meaning a 
decrease in tone and amplitude of contraction; “Nega- 
tive” (NEC), if no change was noted; and “indeter- 
minate” (I), when the change was bizarre and neither 
definitely cholinergic nor adrenergic. The degree of re- 
sponse was recorded as 1. (less than), 2. (equal to), and 
3. (more than) the response of the tissue to known 
amounts of acetylcholine and ei)inei)Iirine. 
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Fig. S 

1. Blood from male with ulcerative colitis added — pro- 
longed ADR effect. 

2. 0.04 cc. ACH, 1 ; 10,000 added. 

3. 0.08 cc. EPH, 1 : 10,000 added. 


Fig. 6 

1. Blood from female with asthma added — CHO effect 
followed by ADR effect. 

2. 0.04 cc. ACH, 1 : 10,000 added. 

3. 0.08 cc. EPH, 1 : 10,000 added. 


Responses which did not occur within 25 seconds after 
the addition of the blood were considered “delayed” (D), 
and those persisting more than five minutes were consid- 
ered “prolonged” (P). In no instances did responses to 
known amounts of the pure drugs persist longer than 
one minute. 

In some instances the response was at first cholinergic 
and then adrenergic. This is so indicated by an arrow 
in the tables of results. Examples of the various re- 
sponses are shown in Figures 1 through 7. 

The types of cases studied are listed in Table I. Con- 
trols consisted of members of the hospital staff and were 
engaged in essentially the same duties. All were well 
known and were felt to be emotionally stable. Each was 
questioned regarding the existence of any particular or 
excessive emotional reaction existing at the time the blood 
sample was taken. Patients were selected as typical and 
clear-cut examples of the illnesses from which they sut- 
fered. Those with emotional disturbances had chronic 
anxiety tension reactions which varied but little from day 
to day. In each instance, at the time of testing, none was 
experiencing any acute or unusual emotional reaction. 


TABLE I 

Types of cases studied 

20 Normals 
3 Ulcerative colitis 
3 Peptic ulcer 
3 Asthma 
8 Thyrotoxicosis 

11 Anxiety-tension state 
1 Schizophrenia 
1 Involutional melancholia 
8 Essential hypertension 

58 Total 

Morning and afternoon blood specimens were drawn 
two to three hours after food ingestion and in the ma- 
jority of cases were taken on the same day. 

RESULTS 

The response of the muscle strip to whole blood 
from normal subjects (Tables II and III) was 
varied and highl)' irregular, both in the group as a 


w 


1 


2 3 



8 9 


— i 



Fig. 7 

1. Whole blood from male hypertensive (post-sympathectomv) added — response indeterminate. 

2. 5, and 8. 0.04 cc. ACH, 1 : 10,000 added. 

3. 6, and 9. 0.12 cc. EPH. 1 ; 10,000 added. 

4. Plasma of same blood added— .\DR followed by CHO response. 

7. Cells from same blood added — .XDR response. 
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TABLE II 

Response of muscle to whole blood of normals 


Subjects 

Morning 

Afternoon 

1 Female 

ADR (J) P 

CHO (2)-»-ADR (3) P 

2 Male 

CHO (2)-^ADR (i) P 

CHO (2)->-ADR (3) P 

3 Male 

I 

ADR (i) P 

4 Male 

I 

CHO (2) 

5 Male 


ADR (1) P 

6 Female 


ADR (2) D&P 

7 Male 

CHO (i)-^ADR (2) 

NEC 

8 Male 

NEC 

NEC 

9 Male 

ADR (2) D&P 

NEC 

10 Male 

NEC 

NEC 

11 Male 

NEC 

ADR (2) P 


whole and in the individual subject. This is es- 
pecially apparent in the morning and afternoon 
samples tested on consecutive days. Types of re- 
sponse could not be correlated with any particular 
environmental situation, physical state, or minor 
emotional reaction arising during the course of the 
subject’s daily hospital duties. 

No consistent responses were observed when 
whole blood, plasma, or cells were tested separately 
(Table IV and Figure 7). Cannon (7) reported 
that serum and whole blood would cause the same 
shortening when added to the muscle strip. Mil- 

TABLE III 


Response of muscle to whole blood of 
normals on successive days 


Subjects 

Day 

Morning 

Afternoon 

12 Mule 

1 

NEG 

ADR (3) P 

2 

— 

ADR (7) P 

13 Female 

1 

NEG 

ADR (3) P 

2 

NEG 

ADR (7) P 

14 Male 

1 



NEG 

0 

— 

NEG 


3 

ADR (/) P 

ADR (7) P 

15 Female 

1 

.ADR (I) P 

— 

2 

CHO (D-ADR (I) P 

ADR (3) P 

16 Male 

1 

ADR (/) P 

— 

2 

NEG 

ADR (7) P 

17 Male 

1 



CHO (7) 

2 

CHO (3) -ADR (3) P 

CHO (7) -CHO (3) P 

IS Male 

1 



NEG 

1 

CHO 13)— ADR (/) P 

NEG 


3 

ADR (/) D&P 

CHO (7)— ADR (7) P 


4 

ADR (/) D&P 

— 


5 

CHO (7) D 


6 



ADR (3) D 


7 

CHO (/) 

— 

1*) Male 

1 

> 

— 

NEG 

ADR (7) D 



1 

CHO (3)— ADR (7) P 


4 

NEG 

.ADR (7) P 


(» 

1 ! 

NEG 

JO IVm.ile 

1 

> 

ADR (/) P 

NEG 

ADR (7) P 


3 

N i:g 

ADR (/) P 


4 

N EG 

ADR (/) P 


5 

N EG 

NEG 


horat et al. (4) stated that the substances in the 
blood producing the effects they described were 
labile and would disappear if the blood was allowed 
to stand 15 to 20 minutes after being drawn. Can- 
non (7) stated that blood from excited animals 
which produced inhibition of an intestinal strip lost 
this power upon standing in the cold for 24 hours 
or when kept warm and agitated with bubbling 
oxygen for two to three hours. As can be seen 
in Table IV, in only two instances did the ad- 
dition of plasma fail to show an effect upon the 
muscle even though it was added as long as 30 to 
45 minutes after withdrawal of the blood from the 
subject. 

The blood from patients with chronic anxiet}’’ 
tension reactions (Table V) likewise showed con- 
siderable irregularity of effect. Morning and after- 
noon variation was marked ; there was no relation- 
ship between the type and intensity of the muscle 
response and the severity of the emotional dis- 
order ; and in general, the intensity of the muscle 
response was less than the response to the solu- 
tions of known amounts of acetylcholine and 
epinephrine. As pointed out above, none of these 
patients was tested during acute emotional reac- 
tions. All exhibited chronic anxiety over their 
somatic symptoms and existing environmental 
problems, and were prone to develop excessive 
tension in response to stress. In the majority of 
them, psychiatric investigation had demonstrated 
the presence of deep-seated and repressed resent- 
ment and/or fear. With such mixtures of emo- 
tional reactions, individually accompanied by 
adrenergic or cholinergic factors (5), such vari- 
ability of results as were observed was not unex- 
pected. It is important to note that as a group they 
produced effects entirely similar to the controls. 

One patient with a severe involutional melan- 
cholia was tested while she was extremely agitated, 
fearful, and protesting vehemently against the 
venipuncture. On one occasion (morning) her 
blood was adrenergic, on the other (afternoon) it 
was cholinergic. In each instance, it was impos- 
sible to determine the predominate emotional re- 
action. 

Blood of patients suffering from peptic ulcer 
and ulcerative colitis, diseases in which parasym- 
patlietic predominence has been felt to exist, showed 
adrenergic effects in the majority of tests (Table 
V). 
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TABLE IV 


Effect of whole blood, plasma and cells from normal subjects and patients on one or more days 


Subjects , 

Diagnosis 

Day 



18 Male 


1 

Blood 

Plasma 

Cells 

ADR (7) 

CHO (7) 

ADR (7) 



2 

Blood 

Plasma 

Cells 

NEC 

CHO (7) D&P 

I 

19 Normal female 


1 

Blood 

Plasma 

Cells 

CHO (2)->-ADR (7) P 
NEG 

ADR (7) P 

20 Normal male 


1 

Blood 

Plasma 

Cells 

ADR (7) P 

CHO (2) P 

CHO (2)^ADR (7) P 



2 

Blood 

Plasma 

Cells 

I 

1 CHO (2) P 

ADR (7) 



3 

Blood 

Plasma 

Cells 

ADR (2) P 

NEG 

ADR (7) 



4 

Blood 

Plasma 

Cells 

ADR (7) P 

ADR (7) P 

I 

34 Female 

Hypertension 

1 

Blood 

Plasma 

Cells 

CHO (2) 

ADR (2) 

I 

35 Female 

Hypertension 

1 

Blood 

Plasma 

Cells 

CHO (2) P 

ADR (2) 

ADR (7)— CHO (2) P 

37 Female 

Hypertension, preoperative 
postoperative 
postoperative 
postoperative 


Blood 

Blood 

Plasma 

Cells 

CHO (2) D&P 

I 

ADR (J) 

ADR (2) D 

38 Male 

Hypertension, preoperative 
postoperative 
postoperative 
postoperative 


Blood 

Blood 

Plasma 

Cells 

NEG 

CHO (7)— ADR (7) 

ADR (2) 

CHO (7)— ADR (7) 


Blood from bronchial asthma patients was pre- 
dominately adrenergic in effect, regardless of the 
severity of symptoms at the time of specimen with- 
drawal. The type of muscle response — delayed 
and prolonged — was more consistent in this group 
than in any other studied. No explanation for this 
was apparent. All blood samples were drawn at 
least two hours after any medication. One pa- 
tient (No. 3), who in addition to asthma had a 
severe anxiety tension state, could not tolerate 
epinephrine. 

Kesults from thyrotoxic patients were equally as 
irregular as the control studie.s. Degree of tox- 
icity did not seem to he a factor. 


Likewise there was considerable variability in 
the effects of blood taken from patients suffering 
from essential hypertension. In three cases (Nos. 
36, 37, and 38) samples drawn the daj’ before and 
seven days after thoracolumbar sympathectomy 
were similarly inconsistent. 

In all of the experiments, the response of the 
muscle strip to blood was frequently prolonged 
and in this respect differed considerably from the 
response to solutions of acetylcholine and epi- 
nephrine. 

DISCU.«.«ION 

The data obtained allow for no conclii>ion> re- 
garding the status of the autonomic nervous .sys- 
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TADLE V 


Response of muscle to whole blood of polieuls 


Pt. no. 

Sex 

Diagnosis 

Morning 

Afternoon 

1 

M 

Anxiety-tension stale 

NFG 

CHO (7) 

2 

F 

Anxiety-tension state 

NEG 

CHO (7) 

3 

F 

Anxiety-tension state 

NEG 

ADR (7) D&P 

4 

F 

Anxiety-tension state 


ADR (7) D&P 

5 

•M 

Anxiety-tension state 

ADR (/) D&P 




ADR (7) D&P 

6 

M 

Anxiety-tension state 


I 

7 

M 

Anxiety-tension state 

NEG 

NEG 

8 

M 

Anxiety-tension state, diabetes 

NEG 

CHO (7) P 




CHO (/) P 

I 

ADR (7) 

9 

F 

Anxiety-tension state 

I 

I 

10 

F 

Anxiety-tension state 


ADR (7) P 

11 

F 

Anxiety-tension state, rheum, arthritis 

NEG 

12 

F 

Involutional melancholia 

ADR (7) P 

CHO (7) P 

13 

F 

Schizophrenia, catatonic type 

ADR (7) D&P 

14 

M 

Ulcerative colitis 

ADR (/) P 

ADR (7) P 

15 

M 

Ulcerative colitis 

ADR (7) 

16 

F 

Ulcerative colitis 

NEG 

I 

NEG 

17 

M 

Peptic ulcer 

ADR (7) 

18 

F 

Peptic ulcer 


ADR (7) D&P 

19 

M 

Peptic ulcer, healed 


NEG 

20 

M 

Bronchial asthma 


ADR (7) D&P 

21 

M 

Bronchial asthma, peptic ulcer 


ADR (7) D&P 

22 

F 

Bronchial asthma 

CHO (;)-^ADR (/) P 
NEG 

ADR (7) D&P 
ADR (2) D&P 




I 

ADR (7) D&P 

I 

23 

F 

Thyrotoxicosis 

I 

I 

24 

M 

Thyrotoxicosis, congen. heart disease 

ADR (7) D&P 


25 

F 

Thyrotoxicosis 

1 

ADR (7) D 

26 

M 

Thyrotoxicosis 

CHO (7) 

CHO (7) 

27 

M 

Thyrotoxicosis 

NEG 

NEG 

28 

F 

Thyrotoxicosis 

CHO (7) P 

I 

29 

F 

Thyrotoxicosis 


30 

F 

Thyrotoxicosis 


I 




NEG 

I 

31 

M 

Hypertension 

NEG 

ADR (7) D 

32 

F 

Hypertension, conversion hysteria 

ADR (2) P 

33 

F 

Hypertension, .A-T state 

CHO (7) P 


34 

F 

Hj'pertension 

CHO (2) 


35 

F 

Hypertension 

CHO (2) 

NEG 

36 

F 

Hvpertension (pre-sympathectomy) 




(7 days post-sjmipathectomy) 

CHO (2) D&P 

NEG 

37 

F 

Hvpertension (pre-sympathectomy) 




(7 days post-sympathectomy) 

I 


38 

iM 

Hvpertension (pre-sympathectomy) 

NEG 




(7 days post-sympathectomy) 

CHO (7)-<-ADR (7) 



teni in the several diseases studied. The most that 
can he said is that with the method used there is 
no significant difference in the effects upon iso- 
lated rahbit duodenum of blood taken from normal 
persons and jiatients snfi'ering from certain types 
of chronic emotional disturbances, ulcerative co- 
litis, peptic ulcer, bronchial asthma, thyrotoxicosis, 
and essential hypertension. It remains entirely 


possible that in these and other diseases, substances 
may be present in the blood which are the result 
of, or are quantitatively altered by, disturbances in 
autonomic nervous system function. Should such 
substances be present, it must be concluded that the 
method under investigation is not capable of con- 
sistently demonstrating them. 

Aside from the irregularity and inconsistency 
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1 2 3 


l_i 1 


4 


S 



Fig. 8 

1. 0.02 cc. pitre.ssin diluted 1 : 1000 — no effect. 

2. 0.10 cc. pitressin diluted 1 ; 1000 — no effect. 

3. 0.02 cc. pitressin undiluted (20 units/cc.) — ADR effect followed 
by CHO effect. 

4. New Ringer-Tyrode solution. 

5. 0.02 cc. pitressin undiluted — same effect as before. 


of the results for which no satisfactory explanation 
is apparent, the very nature of the responses of the 
muscle to blood was sometimes difficult to inter- 
pret. In numerous tests, after the addition of the 
blood sample, the first effect noted was a transient 
increase in muscle tone and amplitude of contrac- 
tion. This was followed by a decrease in tone and 
amplitude which might be marked and prolonged. 
This type of response might be interpreted as evi- 
dence of the existence of both cholinergic and 
adrenergic substances in the blood and in our 
results has been indicated as such. 

However, Hoskins (8) observed that the ap- 
plication of epinephrine in a dilution subininimal 
to that needed to produce a characteristic inhibi- 
tion of muscular activity would frequently increase 
the activity of the tissue and often cause an increase 
in tonus. Thus both types of muscle response 
might be produced by au adrenergic factor. In our 
experiments, especiall}' in the initial mixing of 
blood with the Ringer-Tyrode solution in which 
the muscle was suspended, some transitory varia- 
tion in dilution might possibh- have occurred and 
could not have been avoided. It has also been 
.shown tliat epinephrine appears to have the ability 
of increasing the .synthesis of acetylcholine (9) 
and of inhibiting cholinesterase activity (10, 11). 
Presumably, under the projier circumstance.s. this 
also could result in an alteration of characteristic 
muscle rcsjwnse. 

Reference has been made earlier to the ability of 
many substances besides acetylcholine to increase 


the tone and amplitude of contraction of the gut. 
The response of the duodenal muscle strip to pitres- 
sin (Figure 8) is of interest in this regard. Ac- 
tually, there is considerable doubt whether acetyl- 
choline is ever present in circulating blood under 
normal circumstances. Existing in the tissues in 
a physiologically inactive form, it is activated by 
nerve impulses but almost immediately destroyed 
in situ by the enzyme, cholinesterase, which is a 
normal constituent in blood (12, 13). Dale (13) 
has shown that only in the presence of eserine does 
acetylcholine appear in a perfusion fluid. Thus it 
is most unlikely that the “cholinergic” effects noted 
in this and other similar experiments were due to 
acet 3 dcholine. 

The frequency with which hlood caused effects 
quite different from the solutions of ejiinephrine 
and acetylcholine, the marked irrcgularit}- and iu- 
consistenct^ of the results, and the uncertainty of 
the nature of the substances producing the “adre- 
nergic” and “cholinergic" effects raise consider- 
able question as to the significance of the response 
of isolated rabbit duodenum to blood. It becomes 
apparent that this method is not a .satisfactorv 
means of testing for the presence of truly arlrener- 
gic sub.stances in the blood. 

CONCLUSION.S 

1. Xo significant differences were ob>erved in 
the responses of isolated rabbit intestine to blood 
from normal, ps\-chnneurf)tic, and organicall}- ill 
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subjects. Marked variability and irregularity of 
responses were present throughout. 

2. Repeated studies on the same subjects 
showed diurnal as well as day to day variations in 
effect. These variations did not correlate with the 
existing emotional status, the influence of environ- 
mental factors, or the type or severity of illness. 

3. The irregularity and inconsistency of the re- 
sults and the uncertainty of the exact nature of 
the substances in blood having what have been 
thought to be adrenergic and cholinergic effects 
upon muscle, cause us to feel that the response of 
isolated rabbit duodenum to blood is not a satis- 
factory method of studying autonomic nervous sys- 
tem function. 
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INTRODUCTION 

During the course of investigations into the 
mechanism of congestive heart failure and other 
states of edema, it became evident that there was 
need for further understanding of the pharmaco- 
dynamics of the mercurial diuretics, including their 
distribution, mechanism of action, and elimination. 
Studies based upon chemical methods of analysis 
are limited because of the minute concentrations 
of the mercurial compounds present in the body 
fluids and tissues and the number of samples which 
can be analyzed in a given time. The use of the 
tracer technic made possilile the extension of these 
studies to smaller quantities and to a greater num- 
ber of determinations. 

This presentation is directed at a better defini- 
tion of the concentration-time course of mercury in- 
travenously injected as a diuretic into the circulat- 
ing plasma of man. A mercurial diuretic (Mercu- 
hydrin ■* ) labeled with radioactive mercury “ was 
employed in the tracer studies. It is well to 
realize that it is the mercury which is being traced 
and not the molecule of the diuretic. 

^ Aided by grants from the Life Insurance Medical 
Research Fund, a War Department Grant No. W-49- 
007-MD389, and tlie Mrs. E. J. Caire Fund for Research 
in Heart Disease. 

- Department of Medicine and School of Electrical 
Engineering, Tulane University of Louisiana. 

National Institute of Health Post-doctorate Research 
bellow. Department of Medicine, Tulane University 
School of Medicine, and Charity Hospital of Louisiana 
at New Orleans. 

■* The sodium salt of methoxyoximcrcuripropylsuccinyl- 
urea with theophylline, prepared with radiomercury in 
tliis laboratory by Messrs. Harold Krahnke, Darwin 
Kaestner and Edwin Sprenglcr through the courtesy of 
Dr. H. L. Daicll, Director of Research, of Lakeside 
Laboratories, Milwaukee. 

Radioactive mercury (Hg’"''-^') was obtained from 
the Isotopes Division of the Oak Ridge National I-abora- 
torics. 


MATERIALS AND :METHODS 

Fifteen subjects were studied. All except one were 
patients on the medical wards at the Charity Hospital. 
Certain clinical information concerning these subjects is 
presented in Table I. 

The subjects were permitted to rest comfortably in 
bed in an air-conditioned room for 30 to 60 minutes in 
order to attain a stable state. Whenever the subject’s 
clinical condition permitted, samples of urine were col- 
lected by means of a bladder catheter. 

Two cc. of the radioactive mercurial diuretic, containing 
78 mg. of total mercury, was injected intravenously over 
a period of about 20 seconds. Collection of blood samples 
was begun simultaneously with the beginning of the in- 
jection. Two types of collections were made; 1. In some 
subjects blood was withdrawn, by means of a syringe 
and a heparinized 20-gauge needle, from an antecubital 
vein contralateral to that into which the injection had 
been made. For the first two to three minutes, samples 
were collected as rapidly as 2 cc. of blood could be with- 
drawn (approximately four to eight seconds). The 
interval between collections was progressively increased 
every five to 10 minutes until at the end of one hour, 
collections were being made every IS to 30 minutes for 
the remainder of the study, which lasted 100 to 180 min- 
utes in all. 2. In another group of subjects, blood was 
taken from a femoral artery. It was allowed to flow 
freely from the open needle for the first two to three 
minutes, the time between collection of 2 cc. samples 
varying from two to five seconds. This interval was 
then progressively lengthened as described for the venous 
collections. 

The blood samples were centrifuged and 0.3 cc. of the 
serum was dropped upon a filter paper disc, allowed to 
dry and cemented to a metal disc for counting. 

Urine was collected as rapidly as samples of sufiicient 
quantity for counting could be obtained. There was usu- 
ally an interr-al of five to 15 seconds between collections. 
.A.ftcr the period of rapid collections of the bloofl samples, 
a sample of urine was obtained as nearly coincident as 
possible with the time of each blood sanijile. 

Radioactive measurements were made with thin mic.a- 
window Gcigcr-Mullcr counter tubes or a continuous 
gas-flow counter tube. .Ml mcas\)rement5 were recorded 
as counts per minute per cubic centimeter of fluid and 
were corrected to values correst^mding to an injecte»l 
dose of radiomcrcury with an activity of lO.t^'l.fyn counts 
per minute. 
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TABLE I 


Summary of clinical data of the 15 patients studied 


Subject 

Age 

Sex 


Diagnosis 

Status 

Severity 
of edema 

Previous 

mercurial 

diuretic 

1 

58 

M. 



Cirrhosis with ascites 

Stationart' 

2 + 

None 

2 

40 

F. 

153 

Hypertensive cardiovascular disease, 
congestive heart failure 

Stationary 

3 + 

Four 

days 

n 

64 

M. 

160 

Hypertensive cardiovascular disease, 
congestive heart failure 

Improving 

3-F 

None 

4 

59 

F. 

139 

Hypertensive and syphilitic cardiovas- 
cular disease; congestive heart failure 

Worse on admission ; 
improved after 
mercurial diuretic 

4-t- 

None 

day 

before 

5 

53 

M. 

140 

Syphilitic heart disease, congestive 
heart failure 

Improving 

0-1 -F 

None 

6 

58 

M. 

154.5 

Arteriosclerotic heart disease, con- 
gestive heart failure 

Rapidly improving 

3-f 

None 

7 

34 

M. 

120 

Congenital heart disease; unilateral 
lymphedema, right leg 

No failure; 
stationarv 

4+ 

right leg 

None 

8 

21 

F. 

92 

Certdeal Ivmphadenitis 

Improving 

0 

None 

9 

33 

M. 

155 

Pulmonary abscess 

Recovered 

0 

None 

10 

60 

F. 

121.5 

Diabetes 

Controlled 

0 

None 

11 

34 

M. 

176 

Chronic malaria 

Recovered 

0 

None 

12 

21 

F. 

106.5 

Postpneumonia 

Recovered 

0 

None 

13 

61 

M. 

135.5 

Lymphoma 

Stationary 

0 

None 

14 

32 

M. 

126.5 

Peptic ulcer 

Recovered 

0 

None 

13 

34 

M. 

156.5 

Amebic colitis 

Improving 

0 

None 


DATA AND METHODS OF ANALYSIS 

Since the experimentally observed values of this study 
could not be made to fit precisely any regularly shaped 
curve, it may be considered better to abandon the idea of 
ever being able to define the regression of mercury from 
the blood until the methods of biologic analysis have been 
considerably improved. To take this course would un- 
doubtedly remove criticism from the analyses and would 
eliminate the development of erroneous concepts. How- 
ever, there would be little purpose in the mere presenta- 
tion of observed values of blood concentration for radio- 
mercury. Furthermore, if the nature and significance of 
the mathematical analyses of the data observed are prop- 
erly understood, and if it is also recognized that such 
analyses extremely oversimplify the physicochemical proc- 
esses related to the regression in concentration of mer- 
cury. so that they represent only an attempt to approach 
the definition of these complex processes, no misconcep- 
tions should result and discussions should follow. The 
latter point of view has been accepted for the presentation 
of these data, and discussions will include mathematical 
expressions which are only approximations of the biologic 
processes involved in the observed data. 

The mathematical approach to the analysis of blood 
regression curves of radiosodium in dogs and in guinea 
pigs has been presented in detail by Gellhorn and asso- 
ciates (1), and in man by workers in tliis laboratory (2). 
.Again, tins method has been employed as an arbitrary 
approach to the analysis of the concentration-time course 
of radioinercnry in man. The observed values were 
plotted on seinilogaritimn'c paper and a close-fitting curve 
( ire(|uently referred to below as the "mother" cmwe) was 
drawn in by fii'pection (Figure 1). The general equa- 


tion for such a curve is : 

Cp = -f -t- AaC-^‘af + • • ‘AnC-^'d, (J ) 

where Cp is the concentration of radiomercury in the 
serum at time (0- 

Ai, A~, /fj,’ • -/dn = the respective amounts of the tracer 
which are regressing at the different rates. 

hi, h, bs, - ••bn — the rates of movement per minute of 
the respective amounts of the tracer out of the serum. 
The absolute values of these symbols indicate the portions 
of A„ //-.•••Hn, respectively, which leave the serum per 
unit of time. 

There are numerous rates of movement or regression 
contributing to the observed curves, but because of the 
nature of the data and the curves, it was considered im- 
practical to carry the analysis into more than three rates. 
During the interval of these studies the concentration of 
radiomercury in the serum continued to decline but never 
reached a constant value; therefore, the absolute value 
of b. in the third member of the equation was neither zero 
nor small enough to be considered as zero. This differs 
from the regression of sodium in that the concentration 
of the latter approached a constant value more closely. 
In fact, in the sodium studies such a value was considered 
for convenience to exist and, therefore, the Ceq value was 
employed, or b. was considered to equal zero (I). 

The portion of the equation represented by the expres- 
sion A:C-’'s‘ was the tangent drawn through those points 
which most closely approached a horizontal and straight 
line in the “mother” curve (Figure 1). Selected values 
along this line extending to the ordinate (t — 0) were 
subtracted from simultaneously occurring values along the 
“mother” curve. These differences were plotted, and a 
curve was drawn through the points. The expression of 
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the tangent to this new curve tlirough the points which 
most closely approached a straight line was represented 
by Selected values along this line extending to 

the ordinate were subtracted from simultaneously occur- 
ring values of the remainder of the curve not tangent to 
the line represented by A~<r^A ; the differences were again 
plotted and a line was drawn through these points. The 
expression of this final “daughter” line, or regression 
rate, is represented by It is evident from Figure 

1 that it would have been impractical to carry the analy- 
sis further. Therefore, there appear to be at least three 
major rates of regression, each probably representing 
many physicochemical processes mathematically integrated 
to define the declination in concentration of mercury in 
the plasma of man. The sum of the values along these 
“daughter” curves at any time (f) represents the total 
concentration of the isotope in the plasma at that time, 
expressed graphically by Figure 1 or by equation (1). 
A discussion of the significance of these various regres- 
sion rates will follow. 

When the observed values from about two to about 200 
minutes are plotted on logarithmic coordinates, they tend 
to lie along a straight line, the equation for which is 
Cr = At-^, where 

Cf ~ concentration of radioactive mercury in plasma at 
any time (/) 


A = a constant which is numerically equal to the concen- 
tration of radioactive mercury in the plasma at one 
minute 

f = time in minutes after injection 

b — ratio of percentage change in concentration to per- 
centage change in time (the slope of the curve on 
logarithmic coordinates) . 

Figure 2 permits the comparison of the curves 
of observed values for a sultject plotted on recti- 
linear, semilogarithmic and logarithmic coordi- 
nates. 

The regression curves of five of the 15 subjects 
studied were chosen for critical analysis. In these 
five the specific radioactivity of the plasma was 
sufficiently great to insure a high degree of accu- 
racy in counting throughout the period of study. 
In Figure 3 these values are plotted on rectilinear 
(lower curves) and logarithmic coordinate (upper 
curves) systems. The regression curves or rates 
of regression of mercury from the plasma were 
similar for all 15 patients. Figure 4 illustrates a 
composite curve of all patients plotted on the semi- 
logarithmic coordinate system. The degree of the 
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ELAPSED TIME IN MINUTES 


Fig. 2 . Concentration-Time Course of Radiomercury in the Plasma of Subject 5 
Plotted on Three Different Coordinate Systems 

Note that a considerable number of the observed points tend to lie along a straight line drawn 
on the logarithmic coordinate system. 


individual variations precluded a differentiation 
of the curves or rates of regression of one clinical 
state from that of another, since small differences 
would have no statistical significance in such a 
limited series. 

Figure 5 illustrates the regression curve ob- 
tained in similar experiments with the use of Na-- 
as a tracer." The regression curves of one of the 
studies with radioactive mercury and one with 
radiosodium plotted on logarithmic coordinate 
system permit comparison of the concentration- 
time course of these elements in the plasma of 
man. The differences are self-evident, especially 
tliose existing after approximately 200 minutes. 

® These studies were conducted primarily for other pur- 
poses at Grady Hospital, Emory University Medical 
School, .Atlanta, in collaboratioii with Drs. .A. J. Merrill 
and IleywoiKl Turner. Tlie samples were collected in 
Atlanta and brought to New Orleans for counting. 


DISCUSSION 

The interpretation of the regression curves ob- 
tained for any tracer is complicated by the combi- 
nation effects of simultaneously occurring phe- 
nomena. This is particularly true in the initial 
portion of the curves, since all processes con- 
cerned, rapid and slow, are manifested at this time, 
when the greatest changes in concentration are also 
taking place. Progressively the tracer recording 
those factors responsible for rates of rapid change 
approaches equilibrium level and manifests itself 
less and less in the completed regression curve. 

As has been demonstrated previously for sodium 
(2), and in these studies for mercury, there are 
essentially three separate major regression rates 
which contribute to the decline in concentration 
of the tracer in tlie serum. Obviously, the initial 
rate of regression of the concentration of radio- 
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4. The Mean Observed Curve and Equation of Cencentration-Time Course of 
Radiomercurv in the Plasma of 15 Subjects 



ELAPSED TIME IN MINUTES 


Fig. 5. The Plasma Concentration-Time Course of Radiosodiu.m Compared with that of 
R.\diomercurv in Two Different Subjects Plotted on Logarithmic Coordinate System 
Note tlint wlicre.AS tlie curves are similar, they differ in the early portion, and that after 200 
minutes the curves separate, the concentration of the mercury declining rapidly, with that of 
sodium being maintained. The ordinate values for both mercury and sodium ivere rendered 

comparahle. 
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niercur}' in the plasma is influenced by the phenom- 
enon of mechanical mixing. Figure 6 illustrates the 
ascension of concentration as well as the early por- 
tion of regression. A column of blood passing 
through the antecubital vein during the period of 
injection will contain a high concentration of radio- 
mercury. The local r^ariations in concentration 
within the column will vary with the rate (force or 
linear rate and volume) of delivery of the radio- 
active substance. Since the collection of the blood 
samples begins simultaneously^ with the injection of 
the labeled substance, the first few samples collected 
will contain no radiomercury, the time of appearance 
of the tracer being dependent upon the circulation 
time and the rate and force of injection. When the 
tracer-containing blood column passes through the 
right side of the heart, its specific radioactivity is 
reduced by dilution with blood returning from 
other parts of the body ; in the pulmonary vessels 
vigorous mixing takes place; and upon entering 
the left chambers of the heart, the radioactive col- 
umn undergoes further mixing. Several ventricu- 
lar contractions, at least as many as occurred dur- 
ing the time required for injection of the radio- 
mercury into the antecubital vein, are required to 
force the greater portion of the radioactive column 
of blood into the systemic circulation. From the 
moment the left ventricle receives radioactive blood, 
all blood leaving it will be radioactive because : 

1. The column of blood into which the injec- 
tion was made will contaminate the walls of all 
vessels through which it flows, which in turn con- 
taminate in-flowing nonradioactive blood. 

2. The blood which contains radioactive mer- 
cury ejected from the left ventricle will flow 
through vascular circuits of variable length, return- 
ing from the shortest (coronary circulation) be- 
fore the return from the longest (lower extremity') 
has begun. This effects rapid, complete mechan- 
ical mixing and early, continuous return of radio- 
active blood to the left ventricle. 

3. 1 lie linear velocity of blood flow througli a 
vessel decreases from the center of the lumen of 
the vessel to the wall, the flow being almost zero 
at the surface of the wall. This ]ihenomcnon con- 
tinuously increases the length of the column of 
radioactive blood, so that a continued flow of 
radioactive blood into the heart is maintained and 
mechanical mixing is encouraged. The process of 


axial flow and surface skimming in vessels other 
than the segment receiving the injection will tend 
to delay mechanical mixing. 

Under ideal experimental conditions the tracer 
substance should be completely mixed and dis- 
tributed homogenously in the blood at the instant 
of injection. A concentration-time curve would 
then be concerned with biologic phenomena other 
than mixing. Obviously, this ideal experimental 
condition cannot be achieved. An alternative ap- 
proach might consist in delaying observations un- 
til mixing was completed ; this, however, would be 
unsatisfactory because the movement of mercury 
into some compartments might be so rapid that 
the mercury in the blood might reach equilibrium 
with that in these compartments during the period 
allowed for mixing and before the observations 
are begun. The physiologic data available today 
strongly suggest that mixing has very little or no 
influence upon the regression curve after 30 min- 
utes, probably negligilile influence after 15 minutes 
in all subjects and even after one or two minutes in 
some subjects. 

It becomes evident, therefore, that with rapid 
loss of a tracer substance from the blood and with 
relatively slow mechanical mixing, it is impossible 
to obtain an absolute picture of the true rate of 
loss of a tracer from the blood stream of man. 
It is also apparent that a true picture cannot be 
obtained from the later periods alone of the regres- 
sion curve, because the tracer method is dependent 
upon the principle that all turnover phenomena, 
regardless of number and rate, arc occurring at 
all times of study, special physiologic situations 
excluded. 

It is safe to state that the initial portion of tlie 
concentration-time curve is the resultant of all the 
regression forces acting on mercury in the plasma 
stream of man and that the initial regres.sion rate 
expressed as (Figures 1 and 4) is a manifes- 
tation largely of ini.xing processes occurring sinnil- 
taneously with other rapid biologic phenomena of 
a physicochemical nature, such as fi.xation to pro- 
tein molecules and cell surfaces. The other rates 
of regression are probaI)ly so little influenced by 
mixing that this phenomenon may be eliminated 
from serious consideration c.vcept insofar ns ini.x- 
ing or continued circulation of the blood and <<ther 
body fluids is necessary to insure satisfactorv con- 
tinuation of the other physicochemical proccs'e.s 
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more direct!}^ responsible for the concentration- 
time course of mercury in the plasma. 

The second regression rate is dependent upon 
those factors which are more apparent after the 
mixing process has been completed, for example, 
slower rates of diffusion into tissue spaces, cells, 
bone, and other sites of the body. Some of these 
have been discussed for sodium (3) and will not 
be repeated in detail. 

It is well to realize that when Na-^ or Na"- is 
employed as a tracer and is added to an organism 
such as man, it labels an already-existing, dynamic 
state of turnover of sodium among the A'arious 
compartments within the body, i.e., in the normal 
subject, except under special circumstances, the 
sodium space is already saturated with relatively 
large quantities of nontracer sodium. Therefore, 
the various components of the regression curves 
of tracer sodium represent its movement into 
sodium compartments already in a steady state 
concerned with active processes in dynamic equi- 
librium. Mercury, on the other hand, does not 
exist within the body under comparable conditions. 
That which is present normally in the body is ap- 
parently a contaminant and exists in relatively 
small quantities (4). It is possible, however, that 


the “saturated” state for mercury in the body is 
zero concentration and that the body mechanisms 
are set to maintain this level. Nevertheless, there 
exists essentially a “turnover pattern” for mer- 
cur)'^, which, unlike that for sodium, is not active. 
These innumerable turnover rates or regression 
processes for mercury manifest themselves only 
when the element is present, that which is normally 
present as a contaminant being disregarded. Thus, 
the radioactive mercury injected as an extremely 
small part of a total of 78 mg. of mercury in the 
mercurial diuretic labels practically all of the 
mercury which exists in the body (4) and which 
activates the “turnover patterns” for mercury. 
The regression curves of the radioactive mercury 
then must represent partially the migration of mer- 
cury into “depots” or “relatively fixed” compart- 
ments to fill “potential mercurial spaces.” The 
result is an essentially unidirectional loss of mer- 
cury from the circulating serum rather than an 
exchange process already in equilibrium. The com- 
partments into which mercury moves most prob- 
ably include those systems concerned with the pro- 
tection of the body from toxic effects of this 
foreign substance and with its subsequent excre- 
tion, for example, the liver, kidneys and cells and 



A B 

Fig. 6 

.•\. Tlie asccnsiun and regression of the concentration of radioniercury in the plasma for the first 20 minutes 
after injection. 

B. The first four minutes of curve more clearh- illustrate the early variations in concentration. Note 
that radioactivity first ai)peared in the blood of the femoral artery between 35 and 40 seconds after the be- 
ginning of the injection into an antecubital vein. Twenty-two seconds were required for the injection. 

The intersection (.cxtraiiolated) on the ordinate at 2.800 c.p.m. indicates the concentration if mixing were 
Complete at /,■. Fxce[>t for errors due to the loss of mercury from the plasma during the first three min- 
utes, the ratio of the injected dose to this extrapolated concentration “indicates" the mercurial space which at 

is al'O the plasma volume, since mercury does not adhere to erythrocytes in significant amounts. 
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Fic. 7 

The interrupted line indicates theoretic concentration of radiomercury in the plasma calcu- 
lated from that excreted in the urine and compared with the observed concentration of radio- 
mercury in the plasma. 


protein compartments not in the blood stream. It 
is likely that the recorded regression phenomena 
for mercury would be entirely different if the mer- 
cury depots were already saturated and the turn- 
over processes were progressing at full pace in- 
stead of existing merely as “potential turnover 
patterns.” 

After the relatively rapid phenomena have mani- 
fested themselves in the first two regression rates, 
the relatively slow excretory rate is more clearly 
observed as a significant part of the third regression 
rate (Figures 1 and 7). That this third rate of 
decline in concentration of the radioactive mercury 
in the serum is a reflection primarily of urinary 
excretion is supported by the fact that the urinary 
excretion appears to account for a considerable 
part of the loss of radiomercury from the serum of 
some subjects beyond approximately 60 minutes 
after the time of injection. In other subjects the 
urinary excretion maj^ not account for as much of 
the decline but is responsible for a substantial frac- 
tion of the regression from the blood. Details of 
urinary excretion will be presented elsewhere. 
Other routes of excretion undoubtedl)’ influence 
this portion of the curve also. 

Since the segment of the curve of the concentra- 
tion-time course of radiomercury in the interval 
from about two to 200 minutes appears to be al- 
most linear on logarithmic coordinates (Figures 
2 and 3), the ratio of the percentage change in con- 
centration to percentage change in time is nearly 
constant in this interval. The significance of this 
has not been fully developed. 


It should be pointed out that the differences in 
the regression curves of sodium and mercury 
(Figure 5) are probably due to the differences in 
the respective phenomena which they represent. 
The rate of regression of sodium is more rapid early 
and considerably less rapid later. This is ex- 
pected, since sodium diffuses more readily but is 
excreted more slowly than mercury. 

The relationships of concentrations of radioac- 
tive mercury in blood serum to those in other bio- 
logic fluids, including urine, are under study at 
the present time and will be discussed elsewhere. 
With better understanding of the nature of the re- 
gression of mercury from the plasma, other bio- 
logic studies emplo 3 dng mercur\' in man can he 
better planned and evaluated. Without detailed 
knowledge of the concentration-time course of mcr- 
cur}”^ in the blood plasma, accurate c.xperiments 
concerned with blood values would he impossible. 

SUMMARY 

The concentration-time course of a mercurial di- 
uretic labeled with radioactive mercur\- and in- 
jected intravenoush' has been studied in 15 human 
subjects. Analysis of the regression curves dem- 
onstrates that there are at least three major e.x- 
ponential rates responsible for the decline in con- 
centration of mercurv in the plasma. The first 
rate is apparently dependent to a large c.xtcnt 
upon mechanical mi.xing; the second is po.ssibl}- 
due to relatively rapid adsori)tive. chemical and 
diffusion phenomena with migration into dynamic 
atul more stable comjiartments ; the third rate is 
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most probably a reflection mainly of excretory 
processes, principally urinary. It was not possible 
from these data to draw any conclusions as to dif- 
ferences because of the various clinical states in 
the subjects studied. Comparison of these curves 
with those similarly obtained for sodium indicate 
that there may be slight differences in the early 
portions of the regression curves and that great 
differences exist in those portions of the curves 
dependent upon the excretion of the isotope. The 
concentration of sodium in the plasma practically 
reaches an equilibrium, whereas the concentration 
of mercury may reach a steady state but does not 
approach an equilibrium due, in part, to rapid elimi- 
nation. 

These observations make possible a better un- 
derstanding of the pharmacodynamics of mercurial 
diuretics and certain physiologic phenomena and 


thus facilitate better planning of experimental stud- 
ies concerned with mercurial diuretics necessarily 
based upon plasma conceniraiion of mercury. 
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In recent years a number of tests have been de- 
signed for the purpose of detection of accelerated 
blood coagulation. Among these are the lusteroid 
tube coagulation test (1-A), the silicone tube co- 
agulation test (5), the modified clot retraction test 
(6), the modified Lee-White clotting test, employ- 
ing three test tubes instead of one (7), the heparin 
retarded coagulation test of Wfugh and Ruddick 
(8, 9), the heparin tolerance test (10, 11), and the 
prothrombin time determination, using lioth whole 
and dilute plasma (12-14). 

The study reported herewith was undertaken 
for the following purposes. First, it was desired 
to ascertain whether or not there is any correlation 
among the various tests themselves. Second, it was 
decided to determine whether any of these tests 
can be used to predict thrombophlebitis in patients. 
Finally, the incidence and duration of hypercoagu- 
lability in the postoperative state was studied, as 
well as the incidence of hypercoagulability in con- 
gestive heart failure. Incident to doing these stud- 
ies, observations were made on the effect of vari- 
ation of tube size and temperature upon the clot- 
ting time of blood in the Lee- White test. Further, 
in doing the heparin tolerance test, blood was 
withdrawn almost simultaneously from the vein 
into which the heparin was injected and from a 
vein of the opposite arm. Clotting times were run 
on each .sample and the results were compared. 

M.\TERI.\L 

For tlic .study on postoperative p.iticnts, a group of 29 
patients in the Cincinnati General Hospital who had Iiad 
recent major .surgical operations was selected at random. 
T hese 29 patients and three additional patients having 
acute thrombophlebitis were used to determine the corre- 
lation among the various test.s. The problem of hyper- 
coagulability in congestive lic.art failure was studied in 27 

I National Institute of Health Postdoctoratc Research 
Fellow. 


patients suffering from cardiac insufficiency’ on the medi- 
cal wards of the Cincinnati General Hospital. A group 
of house officers, nurses, technicians, and ambulatory 
psychiatric patients were used as normal controls. Per- 
sons from both the control group and from the post- 
operative group were used to study the effect of variation 
in temperature and tube size upon the Lee- White clotting 
test. Persons from both groups were also used to study 
the effect of the veins chosen in performing the heparin 
tolerance test. 

METHODS 

The 29 postoperative patients and the three patients 
having acute thrombophlebitis were each studied by means 
of six tests which were run simultaneously'. The same 
series of six tests w’as repeated on seven of the post- 
operative group later in their postoperatiy’e courses. Tlie 
six tests employed were the modified Lee-White clotting 
test, the lusteroid tube coagulation test, the prothrombin 
time on whole and on 12.5% plasma, the Waugh-Ruddicic 
heparin retarded coagulation test, and the heparin toler- 
ance test. The 27 patients suffering from congestive 
heart failure were studied by means of the lusteroid tube 
coagulation test and the modified Lee-White test using 
three dry test tubes and an oiled syringe. Fifty of the 
control group were studied with the lusteroid tube coagu- 
lation test and the modified Lee-White test, using three 
test tubes and an oiled syringe. Twenty of the control 
group, all ambulatory psychiatric patients, were studied 
with the heparin tolerance test and the modified Lcc- 
White test, using three saline-rinsed test tubes and a 
saline-rinsed syringe. The whole and dilute plasma 
prothrombin times were studied in 28 ambulatory psy- 
chiatric patients. The Waugh-Ruddick test was studied 
by means of 25 tests on a series of 15 persons in the 
control group. 

I’KOCEDVRi: 

1. Modified Lce-li'hile lest 

This test was run essentially as described by Lee and 
White (15), with the e.xccption that three test tubes were 
used instead of one. The second tube was not tilttri until 
clotting had occurred in the first, and tb.c third tube as 
not lilted until clotting hatl occurrtd in the ‘econd. The 
time rcriuired for clnitine in the third tube v.as tah'eti as 
the chitting time. This test •.sa- run in a cn't.'ii:! t'n;- 
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perature water bath at 37° C as suggested by Quick (16). 
This test was also run on each patient using three dry 
test tubes and an oiled syringe. 

2. Prothrombin time on zvholc and 12.5% plasma 

The method described by Quick (17) was employed, 
using Squibb thromboplastin. 

3. Lnsteroid tube coagulation, test 

The method used was similar to that of Kadish (1, 2), 
except that three tubes were used instead of one, the 
reading being taken from the third tube. The tests were 
run in a constant temperature water bath at 37° C. Blood 
was used only if obtained at the first attempt at venipunc- 
ture. Specimens were discarded if bubbling or frothing 
occurred in the syringe. The lusteroid tubes were 12.5 
mm. in diameter. They were cleaned with sodium lauryl 
sulfonate, as recommended by Kadish (1, 2). 

4. Waugh-Ruddick heparin retarded coagulation test 

This test often shows acceleration of coagulation when 
the Lee-White test is normal. The method employed was 
that described by the original authors (8, 9), except that 
all tests were run in a water bath at 22.5° C, as recom- 
mended by Whittaker (18). This author found that a 
rise in temperature caused much more rapid clotting in 
the Waugh-Ruddick test; we have had a similar experi- 
ence. Whittaker selected 22.5° as the average winter 
room temperature. Waugh and Ruddick did their tests 
at room temperature (8, 9). He found clotting times 
in normals comparable to those of Waugh and Ruddick 
when the tubes containing the blood were placed in a 
water bath at a temperature of 22.5° C (18). The cri- 
terion of increased coagulability in this test was that 
suggested by Ogura (19), namely, a coagulation time 
of 60 minutes or less in each of the last three test tubes 
employed. 

5. Heparin tolerance test 

Hagedorn and Barker’s (11) modification of the test 
of deTakats (10) was employed. However, in consid- 
eration of the marked effect of temperature variation 
upon the clotting time of blood (16, IS), the tests were 
done in a constant temperature water bath at 37° C. 
Three test tubes, each 8 mm. by 75 mm., were employed. 


As suggested by Hagedorn and Barker (11), one sample 
of blood was drawn 10 minutes after the injection of 25 
mg. of heparin in 2.5 cc. of solution intravenously. The 
heparin was injected at a constant rate, requiring 30 
seconds for its administration. 

RESULTS 

The findings in the control group will be given 
first. These are shown in Table I. In 50 con- 
trols, the range for the modified Lee-White test, 
using an oiled syringe, was from 9 to 23.5 minutes ; 
the range for clotting in lusteroid was from 19 to 
40 minutes in this group. In 20 controls, the range 
for the modified Lee-White test, using saline- 
rinsed glassware, was from 9 to 21 minutes. The 
mean for the 20 determinations was 11.58 min- 
utes when saline-rinsed tubes and syringes were 
employed ; the mean for 50 similar tests using an 
oiled syringe and dry test tubes was 14.77 minutes. 
The standard deviation for the 50 determinations 
using oiled syringes was 3.34 minutes. The stand- 
ard deviation for the 20 determinations using a 
saline-rinsed syringe was 4.36 minutes. The stand- 
ard error of the diflference between the two means 
of 14.77 minutes and 11.58 minutes was found 
to be 1.08 minutes. The observed difference was 
3.19 minutes. Since the observed difference in 
the means was three times the standard error of 
the difference, this was felt to be a significant 
finding. This difference would occur by chance 
onl)'- once in 370 tests. Ten minutes after the in- 
jection of 25 mg. of heparin intravenously, the 
modified Lee- White clotting time was increased 
from two to slightly more than four times that be- 
fore heparin. 

Among 28 control ambulatory psychiatric pa- 
tients, the range for the prothrombin time run on 
whole plasma was from 11.5 to 16.00 seconds. The 
range for the prothrombin time on 12.5% plasma 
was 26 to 37 seconds ; the range for the difference 


TABLE I 


Results of various coagulation tests in the control group 


Name of test 

Number of 
persons 

Range 

Mean 

Leo-W’Iiite (oiled syringe) 

50 

9 to 23.5 min. 

14.77 min. 

Lee-Wliitc (.'iiilinc-rinsed syringe) 

20 

9 to 21 min. 

1 1.58 min. 

Hep.irin tolerance test 

20 

Clotting time increased 




2 to 4 times 


Lusteroid tube clotting test 

50 

19 to 40 min. 

1 

i’roihrombin time (whole plasma) 

28 

11.5 to 16 sec. 

13.5 sec. 

Prothrombin time (12.59c pki.srna) 

28 

26 to 37 sec. 
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TABLE II 


Summary of findings in 29 postoperative cases 


Operation 

P. O. day 

Pro. time 
whole 

Pro. time 
12.5% 

i L.ee-White 
saline 

37*^ C 

] 

Lust. i 

37® C 1 

1 

Heparin tol, 
37° C 

Waugh- 
Ruddick 
22.5° C 

1. Append. 

6 

0 

0 

1 0 

0 1 

0 

acc 

2. Hysterect. 

6 

0 

0 

0 

0 1 

0 i 

acc 

3. Nephrect. 

6 

0 

0 

0 

acc 

0 1 

acc 

4. Hernia 

5 

0 

0 

acc 

0 ! 

0 

0 

5. Hernia 

4 

0 

0 

0 

acc 

0 

acc 

6. Nephrect. 

1 

0 

0 

0 

0 1 

acc 

acc 

7. Hysterect. 

3 

0 

acc 

acc 

0 

— 

acc 

8. Append. 

4 

0 

0 

0 

acc 

acc 

acc 

9. Hernia 

4 

acc 

0 

0 

0 

0 

acc 

10. Hernia 

5 

acc 

0 

0 

acc 

0 

acc 

11. Gunshot colon 

3 

acc 

acc 

0 

0 

0 

acc 

12. Gunshot colon 

4 

0 

0 

0 

0 

0 

acc 

13. Hernia 

2 

0 

0 

0 

0 

acc 

0 

14. Stab of abdomen 

3 

0 

0 

0 

0 

0 

acc 

15. Append. 

2 

0 

0 

0 

0 

0 

0 

16. Hysterect. 

9 

0 

0 

0 

acc 

— 

acc 

17. Hysterect. 

3 

0 

0 

0 

0 

0 

acc 

18. Append. 

4 

0 

0 * 

0 

0 

0 

acc 

19. Hernia 

3 

0 

acc 

acc 

&CC 

0 

acc 

20. Hernia 

4 

0 

0 

0 

0 

0 

0 

21. Gunshot bowel 

6 

0 

0 

0 

0 

0 

0 

22. Gunshot bowel 

2 

0 

0 

0 

0 

0 

acc 

23. Stab of bowel 

6 

0 

0 

0 

acc 

acc 

0 

24. Stab of abdomen 

2 

0 

0 

0 

acc 

0 

0 

25. Append. 

1 

0 

0 

0 

0 

acc 

. 0 

26. Append. 

1 

0 

0 1 

0 

acc 

0 

acc ' 

27, Gunshot bowel 

4 

acc 

0 

0 

acc 

0 

0 

28. Hernia 

2 

0 

0 

0 

0 

acc 

0 

29. Perf. ulcer 

6 

acc 

0 

0 

1 

0 

0 

i acc 


Note; acc indicates acceleration 

0 indicates no acceleration 
— indicates that the test was not run 


between the whole and dilute plasma prothrombin 
times was from 14 to 22 seconds. 

Acceleration was considered present in any test 
when the result obtained was lower less time) 
than was found in any control test of the same 
method. Of the 29 postoperative patients, accel- 
eration was found as follows : by Waugh-Ruddick, 
19 showed acceleration; by lusteroid, 10; by he- 
parin tolerance, six ; by whole plasma prothrombin 
t^me, five; by 12.5% plasma prothrombin time, 
three; by modified Lee-White test run in saline- 
rinsed glass, three. The results are summarized 
in Table II. As seen in Table II, the correla- 
tion among the various tests was poor. Of 10 pa- 
tients showing abnormal tests in lusteroid, seven 
showed abnormal Waugh-Ruddick tests. How- 
ever, of six patients with abnormal heparin toler- 
ance, only two had accelerated Waugh-Ruddick 
tests, and only hvo had accelerated clotting in 
lusteroid. Of five patients having abnormally short 
whole plasma prothrombin times, four showed ab- 
, normal Waugh-Ruddick tests, but only two had 


accelerated clotting in lusteroid. The only pa- 
tient among the 29 tested who developed venous 
thrombosis had normal values for all tests. This 
patient was a 42 year old colored man, who had had 
a hernia repaired eight days prior to the thrombo- 
sis. The clotting tests were performed five days 
prior to the occurrence of the thrombosis. 

In order to ascertain how long the state of ac- 
celerated coagulation may persist after operation, 
the same series of six tests was repeated on seven 
of the 29 patients later in their postoperative 
courses. The results are shown in Table III. As 
may be seen in the table, evidence of hypercoagu- 
lability was found as late as 12 days after operation 
in some instances. 

Our clotting times after 25 mg. of heparin were 
shorter than those obtained by Hagedorn and 
Barker (11), probably because our tests v.-erc 
performed at 37° C, whereas their tests were per- 
formed at room temperature, which is generally 
much lower. In order to study the effect of tem- 
perature upon the results obtained in this test, wc 
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TABLE III 


Persistence of hy per coagnlahiliiy following operation 


Operation 

P. O. day 

Pro. time 
wliole 

Pro. time 
12.5% 

Lce-Wliitc 

saline 

Lust. 

Heparin tol. 

Waugh- 

Ruddick 



sec. 

sec. 

viin. j 

min. 

min. 1 

mm. 

1, Hernia 

2 

15 

30 

n 

31§ 

17J* 

66 


12 

12.5 

28.5 

m 

26 

36 

72 

2. Hysterect. 

3 

12.5 

30.5 

9 

27 

22 

52* 

11 

11.5 

23,5* 

13 

29 

42 

48* 

3. Gunshot bowel 

4 

10.5* 

27 

15 

16* 

49 

64 


12 

14 

33.5 

15^ 

24 

22* 

64 

4, Hernia 

2 

12.5 

31.5 

27 

32 

45 

82 


9 

12.5 

31 

10 

37 

36 

68 

5. Perf. ulcer 

6 

11* 

26 

10 

19 

1 27 

50* 


12 

16.5 

45 

16 

27 

24* 

58* 

6. Append. 

4 

14 

35 

11§ 

30 

28 

54* 


11 

12.5 

35 

14 

29 

31 

66 

7. Gunshot liver 

2 

12 

30 

12 

25 

48 

60* 


10 

16 i 

34.5 

10 

26 

62t 

58* 


* Accelerated value 
t Abnormal hypocoagulability 


ran dotting times on samples of blood drawn 10 
minutes after giving 25 mg, of heparin intra- 
venously to eadi of 10 patients. One part of the 
sample was tested at 22.5°, the average winter 
room temperature, and the other portion was done 
at 37°. As may be seen in Table IV, the dotting 
time was appredably longer at 22.5° in all instances 
save two. The average dotting time at 22.5° was 
26.5 minutes, and at 37°, 13.4 minutes. 

In order to study the effect of test tube size 
upon the results obtained in doing the Lee-White 
clotting time, this test was done in glass tubes of 


TABLE IV 

The effect of temperature on the 
heparin tolerance test * 



10 min. 

10 min. 


after 

after 

Before 

heparin 

heparin 

lieparin 

37° C 

22.5° C 

win. 

min. 

min. 

1. n 

22 

38 

2. 9 

11 

52 

3. — 

5 

12 

4. 7 

12 

27J 

5. 9 

17 

42 

6. 6 

IS 

18 

7. 7 

16 

201 

8 . — 

10 

14 

9. — 

m 

12 

10. — 

11 

29 


* Blood specimens were drawn 10 minutes after 25 mg, 
heparin intravenously, and were divided into two portions. 
Most of these arc abnormal cases, i.e., postoperative 
cases. 


two different sizes, one 8 mm, by 75 mm. and the 
other, 13 mm. by 100 mm., using identical samples 
of blood. As shown in Table V, this procedure 
was performed in 14 instances. It may be seen 
that the clotting times were longer in the small 
tubes in nine instances; the clotting times were 
equal in one case ; in the four remaining instances 
the clotting times were longer in the large tubes. 
Both Kadish (1) and Quick (16) found clotting 
times to be longer in large than in small glass tubes. 

Whether or not the veins selected in performing 
the heparin tolerance test affected the result was 
also studied. In 14 instances, the one tube Lee- 


TABLE V 

The effect of tube she on the three lube 
Lee-White clotting test 



Tube 8 mm. by 

Tube 13 mm. by 


75 mm. 

100 mm. 


min. 

min. 

1 

12 

10 

2 

13 

10 

3 

15 

13 

4 

11 

9 

5 

11 

11 

6 

12 

6} 

7 

16 

12 

8 

13 

10} 

9 

10 

11} 

10 

21 

11 

11 

10 

11 

12 

12 

13} 

13 

10 

10} 

14 

II 

10} 
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White test was performed 10 minutes after in- 
jecting 25 mg. of heparin intravenously. Blood 
was drawn almost simultaneously from the vein 
into which the heparin was given, and from the 
vein of the opposite arm. As seen in Table VI, the 
results were the same or nearly so in seven in- 
stances. In six cases, the clotting times were 
considerably longer on blood drawn from the vein 
which had received the heparin. In one instance, 
the blood drawn from the vein receiving the heparin 
did not clot after 12 hours. In one case, the clot- 
ting time was significantly shorter on blood taken 
from the vein receiving the heparin. This find- 
ing would seem to imply that in some instances 
there is retained in the vein injected with a foreign 
substance a larger proportion of substance than is 
found in the general circulation. 

TABLE VI 


The effect of veins used upon the results 
of the heparin tolerance lest 



Before heparia 

10 min. after 
heparin same 
vein 

10 min. after 
heparin op- 
posite arm 

1 

tnttt. 

6 

39J min. 

min. 

12 

2 

6i 

12 hours plus 

10 

3 


14 min. 

14 

4 

7 

8* 

9* 

5 

7 

73t 

50t 

6 ' 

7 

131 

12 

7 

5§ 

22^ 

24 

8 

5 

12 

13 

9 

5 

21 

12 

10 

— 

7* 

5* 

n 

7 

10* 

16* 

12 

— 

13 

10 

13 

— 

20 

12i 

14 


10 

11 


* Acceleration. 

t 50 mR. heparin given instead of 25 mg. 
tiolc: Each patient received 25 mg. heparin intraven- 
ously. After 10 minutes, one tube Lee-White clotting 
times were run on blood drawn almost simultaneously 
from the vein receiving the heparin and from the vein of 
the opposite arm. 


DISCUSSION 

The clotting mechanism in postoperative pa- 
tients was studied by Potts and Pearl (20), Daw- 
barn, Earlham, and Evans (21), and by Shapiro 
Sherwin, and Gordimer (22). Tlicse investiga- 
tors found that the platelet count tended to fall 
during the first three days postoperatively, but tliat 
it began to rise on the sixth postoperative day, and 
reached a peak on the tenth to 14th postoperative 


day. They found little change in the clotting time 
as determined by the usual methods. 

The abnormalities in the clotting mechanism 
found by us do not parallel the changes in the 
platelet count found by the above investigators ; in 
general we found abnormalities in clotting earlier 
in the postoperative course in this study. Not 
only were the manifestations of derangements in 
the clotting mechanism found earlier here, but the 
change seemed to be greater earlier in the post- 
operative course than in the 10 to 14 day post- 
operative period when the maximum changes in 
the platelet count were found. However, as seen 
in Table III some cases still showed acceleration 
of clotting as long as 12 days after operation. 

The finding of accelerated coagulation as judged 
by the Waugh-Ruddick test in 19 of the 29 post- 
operative patients is in keeping with the findings 
of Waugh and Ruddick (9), whose study of post- 
operative patients revealed accelerated coagula- 
tion 24 hours after operation; this acceleration 
was present seven days following operation. Our 
finding of acceleration of coagulation in two-thirds 
of 29 postoperative patients, a finding which per- 
sisted at least 12 days after operation in some 
cases, may be considered in regards to possible 
routine postoperative anticoagulant therapy. 

The Waugh-Ruddick test seemed most sensitive 
of the tests employed in detecting the effect of 
operative trauma. In this connection, it is of in- 
terest to note that Flinn (23), following the ad- 
ministration of digitalis in man, found acceleration 
of coagulation as shown by the Waugh-Ruddick 
test, whereas the Lee-White test and the pro- 
thrombin time on whole and dilute plasma showed 
no change. The extreme sensitivity of the Waugh- 
Ruddick test is shown by its acceleration in re- 
sponse to such procedures as operative trauma and 
digitalization ; this would seem to detract from its 
value in the prediction or diagnosis of venous 
thrombosis. The non-specificity of this test is 
further illustrated by the fact that Waugh and 
Ruddick found that bed rest alone caused accelera- 
tion of coagulation (9). 

It is of interest to note the lack of correlation 
between the Waugh-Ruddick test and the heparin 
tolerance test, since heparin is used to prolong the 
coagulation of blood in both instances, in the for- 
mer Ji: rn'fro and in the latter fn t'k o. In partial 
explanation of this finding, the statements of 
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Best and Jaques (24) may be cited. These writers 
state that if there is mixture of the same amouirts 
of heparin and blood in vivo and in vitro, the 
clotting time will be longer in vivo if moderate 
amounts of heparin are used. Best and Jaques 
also state that the renal threshold for heparin is 
quite low, and that there is rapid excretion of 
heparin into the urine if large doses are given in- 
travenously. Further, even if heparin is not ex- 
creted into the urine, it disappears rapidly from the 
blood. Thus, variation in the rate of heparin 
destruction and heparin excretion have to be reck- 
oned with in performing the heparin tolerance 
test. Since these factors are not operative in the 
Waugh and Ruddick test, the failure of the two 
tests to correlate may be explained. 

The lack of correlation among all the tests might 
be explained in part by the onset of anxiety during 
the period of the test. DeTakats (25) has men- 
tioned adrenal stimulation, such as by anxiety or 
fear, as a cause of increased coagulability of the 
blood. In a few cases we have found marked ac- 
celeration of coagulation in lusteroid tubes and 
marked increase of heparin tolerance when the pa- 
tients were on the verge of an anxiety attack or. 
delirium tremens. Other factors, such as type of 
anesthesia, the presence of an occult infection, or 
the administration of barbiturates might explain 
the variations in clotting from patient to patient 
in the postoperative group. However, since all 
six tests were done within a space of two hours on 
each postoperative patient, these last factors could 
not very well explain the lack of correlation in the 
individual patient ; i.e., these factors do not explain 
why some tests were normal and others abnormal 
in the identical patient at virtually the same time. 

The prothrombin time of dilute plasma was less 
often abnormal than that of whole plasma. This 
was especially notable in the three thrombophlebitic 
patients, where the dilute plasma prothrombin time 
was normal in every instance, yet the whole plasma 
prothrombin time was shortened in all three. This 
finding is similar to that of Mahoney and Sandrock 

(26) , who found a greater increase in prothrombin 
activity in their postoperative thrombophlebitis pa- 
tients as shown by tljc test on whole plasma as com- 
pared to dilute plasma. Hum, Barker, and Mann 

(27) also found that the prothrombin time of dilute 
plasma gave no more information as to hj-percoagu- 
lahility than tiie test as run on whole plasma. Tuft 


and Rosenfield (28) concluded that accelerated di- 
lute plasma prothrombin determinations could not 
be used for prediction or diagnosis of thrombo- 
embolic disease. In contrast, Shapiro (13, 14, 22) 
and Brambel and Loker (12) found the dilute 
plasma prothrombin time more sensitive to the 
state of hypercoagulability than the whole plasma 
prothrombin time, 

Mahoney and Sandrock (26) found in their 58 
normal postoperative patients a prolongation of the 
prothrombin time during the first three days fol- 
lowing surgery. They found acceleration during 
this period only in those patients who subsequently 
developed thrombophlebitis. In our group, of 13 
patients studied during the first three days post- 
operatively, none showed the prolongation of the 
whole plasma prothrombin time described by Ma- 
honey and Sandrock (26). Further, the mean 
whole plasma prothrombin time in these 13 post- 
operative patients was 12.8 seconds, as compared 
with a mean of 13.5 seconds for the 28 controls. 
Among the 28 controls, the standard deviation for 
the whole plasma prothrombin time was 0.85 sec- 
onds. Among the 13 postoperative patients, the 
standard deviation for the whole plasma pro- 
thrombin time was 1.45 seconds. The standard 
error of the difference of the two means of 12.8 
and 13.5 seconds was found to be 0.471 seconds. 
The observed difference was 0.70 seconds. This is 
not a significant difference. 

Only one patient of this group of 29 postopera- 
tive patients developed thrombophlebitis after op- 
eration. The demonstration of frequent abnor- 
malities in the six tests in so many of the 28 
patients who did not subsequently develop throm- 
bophlebitis would seem to indicate that none of 
these tests could be used to predict which patient is 
going to develop venous thrombosis following an 
operation. This statement is given weight by the 
fact that the only patient who did develop clinical 
thrombophlebitis showed no abnormality in any of 
the six tests which had been run five days pre- 
viously. 

It is thought worthy of comment that only one of 
the 27 patients having congestive heart failure 
showed an acceleration of coagulation in lusteroid 
tubes, and only two as measured by the three tube 
Lee- White test. This finding may. be compared 
with that of Cotlove and Vorzimer (29) who found 
no shortening of the whole or dilute plasma pro- 
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thrombin time in 20 patients with congestive heart 
failure. It is also of interest to note that 25 of 
our 27 patients were receiving digitalis therapy 
in maintenance doses, yet little evidence of accel- 
eration of clotting was found. Digitalis has been 
frequently mentioned as an accelerator of clotting 
(7, 25, 30). Ogura, Fetter, Blankenhorn, and 
Glueck (19) found some evidence of acceleration 
of coagulation in their patients as they were being 
digitalized, but found that this acceleration later 
disappeared in the majority, even though main- 
tenance digitalis therapy was continued. Cotlove 
and Vorzimer (29) found that the administration 
of digitalis did not shorten the prothrombin time 
as determined on whole plasma or dilute plasma. 
Moses (31) found no change in heparin tolerance 
after the exhibition of digitalis. Flinn (23) found 
the Waugh-Ruddick test to show acceleration of 
coagulation after the administration of digitalis, 
but no acceleration was shown by the Lee-White 
test or by the prothrombin time on whole or dilute 
plasma. 

SUMMARY 

Twenty-nine postoperative patients were stud- 
ied for evidence of accelerated coagulation. Nine- 
teen showed acceleration by the Waugh-Ruddick 
test ; ten showed acceleration in lusteroid tubes ; six 
showed increased heparin tolerance ; five showed 
shortening of the whole plasma prothrombin time ; 
three showed shortening of the 12.5% plasma pro- 
thrombin time ; three showed an acceleration by the 
modified Lee-White test. 

The same tests were repeated on seven of these 
patients later in their postoperative courses and 
some showed persistence of hypercoagulability on 
the 12th postoperative day. The different tests did 
not correlate. The only patient who developed 
subsequent thrombophlebitis was normal to all 
tests. Three other patients with thrombophlebitis 
showed acceleration of coagulation in lusteroid 
tubes and shortening of the whole plasma pro- 
thrombin time. They were normal with regard 
to dilute plasma prothrombin time and the Waugh- 
Ruddick test. Of 27 patients with congestive heart 
failure, 25 of whom were receiving digitalis, only 
one showed acceleration of coagulation in lusteroid 
tubes, and two showed acceleration in tlie Lee- 
M'hite test. Fourteen patients were given 25 mg. 


of heparin intravenously. Ten minutes later, blood 
samples were drawn almost simultaneously from 
the arm vein into which the heparin had been in- 
jected, and from a vein in the opposite arm. In 
six of these 14 patients, the clotting time was sig- 
nificantly longer in the blood sample taken from 
the vein receiving the heparin when compared to 
the blood obtained from the opposite arm. 

CONCLUSIONS 

1. Hypercoagulability of the blood is a fre- 
quent finding in the postoperative state, and may 
persist as long as 12 days after operation. 

2. The correlation among the Waugh-Ruddick 
test, prothrombin time on whole plasma, prothrom- 
bin time on 12.5% plasma, lusteroid tube clotting 
time, and heparin tolerance test is poor, suggesting 
that they are concerned with different factors in- 
volved in the clotting process. 

3. We could not predict which postoperative 
patients were going to develop venous thrombosis. 

4. When performing the heparin tolerance test 
and similar tests in which a substance is injected 
intravenously, and a sample of blood is later drawn 
for analysis, it is advisable to draw the blood from 
the vein of the opposite arm. The vein into which 
the substance is injected probably retains a larger 
proportion of that substance than is found in the 
general circulation. 

5. Of the tests studied, the Waugh-Ruddick 
heparin retarded coagulation test appears the most 
sensitive. Its lack of specificity, however, would 
seem to indicate that it is of no value in predicting 
or diagnosing thrombophlebitis. 
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INTRODUCTION 

The measurement of lung volume by an open- 
circuit method (1, 2) is usually based on the re- 
distribution of nitrogen contained in the lungs in 
such a manner that most of this gas is expelled 
and measured. Physically, this principle requires 
only the collection of the exhaled nitrogen in some 
diluent such as oxygen and the measurement of 
total volume and nitrogen concentration ; the quan- 
tity of nitrogen involved can then be computed. 
In the usual procedure the subject breathes oxy- 
gen for a set period, the total expired air being 
collected in a gasometer; then the connecting tubes 
are washed with more oxygen and the final vol- 
ume and nitrogen concentration in the gasometer 
are measured. 

Such a method could be extended to the study 
of the nitrogen clearance process. The physical 
conditions which must be satisfied, however, are 
much more exacting than those which apply to 
measurement of lung volume. It becomes neces- 
sary to determine accurately (1) respiratory vol- 
ume at various instants during the clearance proc- 
ess and (2) the total amounts of nitrogen in the 
external system at these instants. These require- 
ments demand modification of existing open-cir- 
cuit methods in the following particulars : .<4. It is 
necessary to avoid continuous flow of oxygen 
by-passing the experimental subject. Only by 
using a true demand system of oxygen supply can 
it be assured that all the gas collected has been 
involved in the tidal movement. B. It is neces- 
sary cither to measure separate points on the 
clearance cur\'e by doing several experiments, or 
to arrange for serial sampling of the expired gas, 
with simultaneous measurement of volume. The 

! Present address ; Physical and Chemical Division, 
Research and Development Dept., Camp DetricJ-:, Fred- 
erick, Maryland. 


latter expedient, which is preferable, implies in 
turn (J) the presence in the gasometer of some 
device to ensure rapid mixing of the gases intro- 
duced and (2) the elimination, as far as may be 
feasible, of tubes connecting the subject with the 
gasometer. If the latter condition is not satisfied, 
part of the gas exhaled in any breath will not 
reach the gasometer until the succeeding breath. 

During experimental work described elsewhere 
(3, 4) some 30 modifications of the open-circuit 
method have been used in the measurement of 
lung clearance curves. It will perhaps be of value, 
in view of this extensive experience, to indicate 
the ways of meeting the foregoing technical re- 
quirements which have proved most reliable. 
This paper deals solely with the physical prob- 
lems of measuring the volume and composition of 
expired gas and neither with physiologic sources 
of error nor with the interpretation of the data. 
Two distinct procedures, the “end-point sampling” 
method and the “serial sampling" method, will 
be described. The latter is greatly to be pre- 
ferred, but it involves the use of special equip- 
ment. 

THE END-POINT SAMPLING METHOD 

Experwtolial arrangement. Figure 1 repre- 
sents the arrangement w-hich has been found most 
satisfactory. Oxygen is supplied from high pres- 
sure tanks after reduction to 100 pounds per 
square inch. This ser\’es as the input line for a 
Pioneer dilutor-demand oxygen regulator, tj-pc 
AN6004-1, which has been modified by removing 
the dilutor cap and handle and the aneroid unit 
and sealing the opening with a gasket and bakc- 
lite plate. Thus the ralve supplies only pure tank 
ox}-gen.- Since the operating suction is appred- 


- We are indebted to tlic National Bureau oi Standards 
and to Lieutenant Co.-nmandcr Allison of Lbe Naval Bu- 
reau of Aeronautics for thic re^ulatrr. 
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Fig. 1. The End-Point Sampling Method 
Above: Open-circuit assembly for collecting nitrogen expelled during 
breathing of oxygen. Below: Diagram (schematic) of modified oxygen 
demand regulator. 


able the regulator is loaded with a 15-gm. weight 
placed on the large diaphragm indicated in the 
lower portion of Figure 1.® The output side of the 
demand regulator is connected by large corrugated 
rubber tubing to a Krogh valve, to a three-way 
hand-operated valve of large bore and finally to 
the face mask worn by the subject. At a point 
slightly distal to the three-way valve, the inspira- 
tory line communicates with the tube through 
which the expired gases pass, by way of a second 
Krogh valve, to the gasometer bell. The gaso- 
meter is of the Tissot type, of 100-liter capacity, 
modified by sealing the inlet tubes at their point 
of entry into the main chamber. This appreciably 
reduces the dead space. Welded to the roof of 

” Evidence has been obtained that a certain amount of 
by-passing occurred in some of the experiments reported 
in the following papers as a result of failure of the valve 
to close completely when operated by persons with certain 
types of respiratory pattern. This source of error has 
now been obviated. 


the gasometer bell is a second manual three-way 
valve of large bore with a side-arm connected to 
a 5-Iiter rubber bag and vacuum line. The bag 
is used at the end of each experiment for mixing 
the collected expired gas in the gasometer, by 
being successively filled and emptied. The wire 
carrying the counterweight of the gasometer is 
supplied with a pen which indicates volume on a 
moving drum, not shown in Figure 1, during the 
collection of expired gas. The by-pass from the 
high-pressure oxygen supply to the gasometer 
indicated in the diagram serves for initial wash- 
ing of the apparatus. 

Attention may be drawn to (2) provision of a 
sampling tube for checking the composition of 
inspired gas, and (2) the valve assembly, con- 
sisting of two Krogh valves welded into a com- 
pact unit. 

Analytic method. A modified Haldane method 
of gas analysis was used, the nitrogen residue 
being measured as the r^olume increment brought 
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about after mixing with a larger measured volume 
of stored nitrogen. Duplicate analyses are usually 
reproducible to within 0.001 (0.10 per cent ni- 
trogen). 

The accuracy with which a given amount of 
nitrogen can be estimated after dilution with 
oxygen was investigated by progressively diluting 
a known amount of air (measured by displace- 
ment of water) in a gasometer of known dead 
space with measured amounts of oxygen and com- 
paring the measured decreases of nitrogen con- 
centration with those calculated from the volumes 
mixed (Table I). It seems fair to conclude from 
the final column of Table I that at no point in a 
clearance curve is the error in the total amount 
of nitrogen measured likely to exceed 100 ml. 
from this particular source of error; usually it 
will be much less. The accuracy seems to be 


greatest when the nitrogen fraction in the gaso- 
meter is 1 to 3 per cent. 

Accuracy of volume measurements. In the 
100-liter Tissot gasometer, a movement of 1 cm. 
indicates a change of volume of about 2 liters. 
The scale can be read to about 0.25 mm., or 50 
ml. This is adequate for most purposes provided 
it can be proved possible to determine the condi- 
tions of temperature and humidity to which the 
measured value applies. It has been found in 
repeated tests that the volume of expired air re- 
ceived by the gasometer does not undergo any 
observable change over a period of several min- 
utes. Presumably, the gas leaving the subject at 
37° C and saturated with water vapor is almost 
immediately cooled to the temperature of the 
gasometer and the corresponding pressure of sat- 
urated aqueous vapor is established. It follows 


TABLE I 


Gasoinelric estiimtion of nitrogen diluted with varying quantities of oxygen * 


{/) 

Volume of air 
originally in 
gasometer 

(2) 

Nitrogen re- 
moved in 
sampies 

( 3 ) 

Corrected vol- 
ume of air 
present 
(Vnir) 

( 4 ) 

Total volume 
of gas in 
gasometer 
(D +V) 

(5) 

Measured Nr 
fraction in 
gasometer 
(fN"') 

(tf) 

Calculated 
volume of air 
in gasometer 

(7) 

Differences between analytic 
and volumetric volumes of air 

cm.^ 


ctn3 

cm3 


cm3 


per cent of (3) 

1,112 

0 

1,112 


0.0697 

1,172 

-b 60 

+ 5.4 


22 

1,090 


0.0290 

1,127 

-b 37 

-b 3.4 


9 


73,440 

0.0131 


- 39 

- 3.6 


4 



0.0106 


- 45 

- 4.2 

2,104 

0 


12,530 

0.1399 

2,192 

-b 88 

-b 4.2 


44 


32,800 

0.0522 


-b 31 

-b 1.5 

1 

17 


73,360 

0.0248 

2,129 

-b 86 

+ 4.2 


8 


93,620 

0.0198 

2,124 

-b 89 

-b 4.4 

1,115 


1,115 

12,530 

0.0744 

1,151 

-b 36 

-b 3.2 


23 

1,092 

32,900 

0.0285 

1,109 

+ 17 

-b 1.6 


9 

1,083 

73,360 

0.0133 


- 23 

- 2.1 


4 

1,079 

93,620 

0.0097 

925 

-154 

-14.3 

2,100 

0 



0.1379 

2,160 

-b 60 

-b 2.9 


44 

2,056 

32,800 

0.0520 

2,083 

-b 27 

-b 1.3 


17 

2,039 


0.0245 

2,104 

-b 65 

1 + 3.2 


S 

2,031 

1 ^^ 

0.0190 

2,029 

^ 2 

I - 0.1 


Procedure: The gasometer dead space is originally filled with tank oxygen. .\ known volume of air is admitted to 
the gasometer by displacement with a weighed amount of water in an Erlenmeycr flask (column 1 ). -A known volume of 
oxygen is then added, the gasometer volume is rtad (column 4 ) and a sample is rcmovetl for an.alysis (column 5 ). Then 
further oxygen is added and the procedtirc is repeated, the original volume of air in the gasometer being corrected .at e.ach 
stage for the amount removed in the s;imple (column 2). The corrected volume of air (column 3 ) can be compared with 
that calculated from the nitrogen analyses (column 6). 

(V + D) (fN'" - f.\) 

0.79! - f.\ 

where 1) = dead sp.tce of gasometer = 2.390 cm.^, 

\' = volume of gas in gasometer. 

A'»,t = corrected volume of air in ga-ometer. 

= nitrogen fraction in tank oxygen (usually about 0.003 
fN'" = nitrogen fr.tction in gas'.imeter. 
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also that no measurable errors are introduced by 
transfer of gas to or from the water in the gaso- 
meter. 

Gasometer dead space. Even when measures 
were taken to reduce the dead space of the Tissot 
gasometer, the value remained in excess of 2 
liters. This is undesirably large and its presence 
has reduced the accuracy of our measurements in 
the early part of the lung clearance curve. A 
more serious drawback is the fact that this dead 
space is less constant than might be desired, since 
the position of the gasometer bell when the gaso- 
meter is “empty” is variable. This is difficult to 
eradicate in a gasometer of the Tissot type. 

Procedure in end-point sampling method. For 
some hours before the experiment is started, the 
entire S 3 'stem is washed with a slow stream of 
cylinder ox 3 'gen. Analyses of the gas in various 
parts of the system are made. The gasometer is 
then emptied, the rubber bag is evacuated, and 
the three-way valve to the gasometer is oriented 
as shown in Figure 1. The subject is connected 
to the apparatus with a suitable face mask, with 
the three-way valve so turned that he is able to 
breathe room air. After doing this for a short 
time, he rapidly turns the three-way valve at the 
end of a normal expiration so as to be brought 
into connection with the ox 3 'gen supply system 
and the gasometer. He breathes oxygen for the 
desired number of breaths — ten for example — and 
at the end of the tenth exhalation, turns his three- 
way valve back to the original position. A vol- 
ume reading is taken on the gasometer and the 
connecting tubes in the expirator 3 ' line are flushed 
with 10 liters of ox 3 -gen. The three-way %^alve on 
the gasometer is turned so that the rubber bag 
fills itself from the gasometer contents ; it is then 
emptied by hand and filled again, and the cycle 
is repeated ten times. The gas is then deemed 
adequately mixed and samples are collected over 
tnercurv in a 100-inl. tube. In order to get fur- 
ther points on the clearance curve, the sx'stem is 
again washed with oxvgen and after a suitable 
intervening period of at least 30 minutes, during 
whicli the suliject breathes air. the entire proce- 
dure is repeated. 

THE SERIAL SAMPLIXU OF COLLECTED 
EXPIRED AIR 

The study of lung clearance curves hv the 
iiiethod (lescrilied in the preceding section is at 


best a laborious procedure. In any extended in- 
vestigation, it is desirable to develop methods for 
detailed recording of a single clearance process. 
Such a method, which would involve taking a 
series of instantaneous samples of mixed expired 
gas. would have further advantages, including the 
reduction of errors resulting from variations in 
the initial lung volume. For this and other rea- 
sons, methods for serial sampling have been 
devised. 

Four new requirements must receive attention 
in connection with serial sampling: 1. Provision 
for rapid mixing of gases must be made, so that 
any sample is truly representative of the entire 
contents of the gasometer. 2. The volume of 
the tubes connecting the subject with the gaso- 
meter must be reduced because it represents a 
volume of expired air which, at ever 3 ’^ exhalation, 
fails to enter the gasometer and is thus unable to 
contribute to the composition of the mixed expired 
gas. 3. An improved sampling procedure is re- 
quired, since it is necessary to take samples rap- 
idly and at frequent intervals. 4. The gasometer 
dead si^ace should be reduced. 

A NEW GASOMETER ASSEMBLY FOR LUNG CLEAR- 
ANCE STUDIES BY SERIAL SAMPLING 

The gasometer. A new gasometer with asso- 
ciated equipment has been designed with the fore- 
going considerations in mind, together with the 
following additional points which appeared impor- 
tant: (a) low inertia of moving parts, (b) con- 
venient and accurate recording of collected gas 
volume and (c) capacity large enough to hold 
most of tlie air expired during lung cleai'ance but 
small enough for adequate accuracy in the re- 
cording of volume and also small enough to make 
it convenient to conduct a clearance measurement 
in two parts, since the final portion of the clear- 
ance curve can be more accurately determined in 
this manner than would be possible in a single 
protracted period of collection. 

The plans for the new gasometer were placed 
in the hands of the \\'^aters Conle 3 ' Compan 3 L 
Rochester, Minnesota, which was responsible for 
mechanical details and for the construction of the 
apparatus. 

A gasometer of the pivoted type (5, 6) ap- 
peared to offer decisive advantages, the form being 
such as to permit close ajiproach of the subject, 
so that the dead sj^ace of the connecting tube can 
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Lv, 

SECTION A'A 





(iii) 

Fig. 2. Pivoted Type Gasometer 

Side view and sections showing positions of gas agi- 
tator, inlet tubes and sampling device. See text. 

be reduced to a few cubic centimeters. Such an 
apparatus also appeared amenable to fine mechani- 
cal construction, so that the internal dead space 
could be much reduced. Moreover, since the bell 
is not freely suspended but can be accurately and 
rigidly pivoted, this dead space should be highly 
reproducible. Added to these advantages is the 
ease with which the necessary mechanical link- 
ages can be made for recording gas volume. 

The layout of the apparatus can be gathered 
from Figures 2 and 3. The gasometer bell con- 
sists of a wedge-shaped shell of about 60 liters 
capacity (Figure 2, D) made of sheet aluminum 
(roof 3 mm. thick; side walls 0.75 mm.) pivoted 
at one end (Figures 2 and 3, E) with “New De- 
parture” precision ball bearings. It articulates in 
a water-filled well of the form indicated by C 
(Figure 2). which thus takes the form of a rec- 
tangular moat bounding a rectangular floor of 
sheet brass (Figure 2 [ii]). When the bell and 
tbe trough articulate, the volume of gas between 
tbcin is completely enclosed b\' a water seal. The 
floor is jiierced by several holes. These are con- 
veniently placed near the axle of the machine. 
T he centrally situated tube. J (Figure 2). of inter- 
nal diameter 1.3 cm., serves for tbe introduction of 
exjiired gas. .-X narrow sam])ling tube, G. of inter- 
nal diameter 0.3 cm., jiasses to the Incite distribu- 
tor (see also page 6S4). Two wide apertures. 
I' . are included, so as to make the apjiaratus 
rajiidly and conveniently ada]itable for use in 
open-circuit or closed-circuit measurements of 


metabolic rate! Normally, these tubes are kept 
closed by brass plugs which pass in as far as the 
level of the floor of the gasometer chamber, thus 
eliminating additional dead space. Finally, an 
opening, H (Figure 2), in the center of the floor 
carries the driving shaft of a circulating fan set 
in a depression 10 cm. in diameter and 0.6 cm. 
deep. This fan, of centrifugal type, and its water- 
sealed bearing are shown in more detail in Figure 
2 (iv). 

The two recording systems are shown in Fig- 
ure 3. For photographic recording, the horizontal 
axis about which the gasometer bell moves is 
linked by means of a flexible cable to a vertical 
axle, U, supported by two precision ball bearings 
and provided with a mirror (Figui'e 3 [iii])- 
For mechanical recording, a wire attached to the 
lowest peripheral point, M, of the gasometer hell 
passes over a fixed pulle}^, N, to the ink-writer 
pulley, P, and thence to a counterweight, O, which 
is adjusted to keep the gasometer bell very nearly 
balanced in all positions. The method of attach- 
ment of the recording wire to the gasometer bell 
is of some importance, since the effective point of 
attachment is determined by the tangent from the 
pulley, N, to the circular arc defined by the end 
of the gasometer bell. The point of attachment 
is therefore effectively constant for all positions 
of the bell, so that a linear relation between vol- 
ume and recorded deflection is assured. A system 
of gears introduces the possibility of amplifying 
the volume record in accordance with the follow- 
ing figures : for direct recording. 1 liter volume 
change produces 6.5 mm. deflection ; for ainjilified 
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15 CM. TO MC.LEOD MERCURY^ 

GASOMETER GAUGE MANOMETER 



z 

O 


UQ 


Fig. 4. Experimental Arrangement Used for Col- 
lecting Serial Samples of Expired Air in Evacuated 
Sample Tubes 
Operation described in text. 


recording, the deflection is 25 mm. Furthermore, 
a clutch system operated by the pulley, V, drawn 
in detail in Figure 3 (ii), enables the lower pen 
to operate as an indicator of total ventilation. 
This is not used in lung clearance measurements, 
but is useful in closed-circuit metabolism studies. 

The entire apparatus is mounted witli adjustable 
clamps on two steel pillars 7 cm. in diameter at- 
tached to a wheel liase, vertical adjustment being 
facilitated by counterweights. 

Sampling procedure. Samples from the gasom- 
eter are collected over mercury in evacuated 100- 
ml. Pyrex tubes. Twelve such tubes are connected 
through a Incite distributor to the sample tube of 
the gasometer (Figure 4). The tubes are evacu- 
ated by a Ccnco jiump before the experiment is 
commenced and the rest of the system, consisting 
of the dead sjxice of tlie distriliutor, the 2-liter 
reservoir, and various mercury traps and connect- 
ing tubes, is kept evacuated throughout the ex- 
periment. Wlicn a sample is to be taken, the en- 
tire distributor is filled with gas from the gasom- 
eter ; then the appropriate sample tube is opened 
and closed. Immediately thereafter, the distribu- 


tor is once more connected to the vacuum line and 
is evacuated in time for the next sample. At the 
end of the experiment, mercury is admitted to the 
sample tubes so as to bring the samples to atmos- 
pheric pressure and reduce the danger of inboard 
leaks. 

The mercury reservoirs shown in Figure 4 were 
necessary in order to free the mercury from air 
and to obviate the danger of contamination by in- 
ward leakage of air through flexible connecting 
tubes. It was found that both rubber and plastic 
tubing are permeable to air. so that without special 
precautions, large analytic errors were caused by 
air leaking into the mercury and thus being trans- 
ferred to the gas samples. The mercury reservoirs 
were designed in such a way that during the pre- 
liminary removal of air from the system all flexible 
connecting tubes could be emptied and evacuated. 
The mercury itself could be agitated by inverting 


1. NITROGEN ELIMINATION 



GASOMETER 


AIR 


OXYGEN 



GASOMETER 

AIR 

OXYGEN 



TUBE I lUSK 
FROM SUPPLY 
, CASOMaCR 


2. NITROGEN RETENTION 

Fig. 5. Serial Sampling Arrangement Used in 
Study of Elimination and Retention of Nitrogen 
BY the Lung 


(J) By collecting expired gas during the breathing of 
pure o.xygen, {2) By collecting expired gas during 
breathing of air following prolonged inhalation of oxygen. 
Connecting tubes are represented by thin continuous lines. 
Thick lines indicate the presence of hand-operated valves. 
Arrows represent Krogh valves. The gasometer is a 
pivoted type apparatus of 60-liter capacity provided with 
a fan to accelerate mixing of gas collected. Serial sam- 
ples of total expired gas are taken through the sampling 
tube in the floor of the gasometer, using the distributor 
shown in Figure 4. 
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the reservoirs liy rotation about a central axle as . 
indicated by the arrows in Figure 4. As soon as 
the reservoirs were restored to their original posi- 
tion and mercury was again introduced into the 
flexible tubing, it was possible to admit air to the 
reservoirs and to maintain the mercury at or above 
atmospheric pressure. The entire system, includ- 
ing the Incite distributor, was tested routinely for 
leakage by reducing the pressure to about 0.1 mm. 
of mercury and observing its constancy with a 
McLeod gauge (Stokes, type 276 AA). 

Dead space. The volume of gas in the gasometer 
and flxed connecting tubes when the moving shell 
is completely collapsed was measured both by fill- 
ing this volume with tank oxygen and diluting 
with a known amount of air or nitrogen, and also 
by filling with air and diluting with tank oxygen. 
Concordant and reproducible values were obtained. 
The volumes of the conducting passages distal to 
the Krogh valve assembly and of the connections 
from the Krogh valve assemlily to the face mask 
(Figure 5) were determined from their physical 
dimensions. The dead space of the face mask was 
estimated in several persons by filling it with water 
and measuring the amount of water remaining af- 
ter the mask had been placed over the face. As 
it was not feasible to perform this type of meas- 
urement on every subject, a single average value 
was used throughout. The three dead-space vol- 
umes, measured in milliliters, were (1) “internal” 
dead space of gasometer, d, 544 ml., with which 
may be contrasted the value of about 2,000 ml. in 
the modified Tissot gasometer used in the “end- 
point sampling” experiments; (2) “external” 
gasometer dead space, D, 85 ml.; (5) external 
“respiratory” dead space, do. 150 ml. (volume of 
mask and connecting tubes as far as Krogh valve 
assembly). 

Mi.viug of r.vpircd gas in gasometer. During 
the experiments reported elsewhere (3. 4) the fan 
used for mixing the expired gases was operated bv 
a small motor rated at 3,600 r.p.m. This fan 
was later found to be erratic in performance and 
mi.xing was not sufficiently rapid. The motor was 
replaced by one rated at 7.000 r.ji.m. connected 
througb a Variac transformer, and the rate of mix- 
ing was measured as a function of the transfonner 
setting. The sampling error attained an acceptably 
low value with an undetermined motor speed some- 
what less than 7,000 r.p.m. The m.agnitude of 


these sampling errors is discussed elsewhere (4). 

Assembly; experimental procedure. The final 
assembly used in lung volume and lung clearance 
studies is shown in the upper portion of Figure 5, 
together with the slight modification (lower dia- 
gram) when nitrogen retention during the breath- 
ing of air is to be measured. The assembly is es- 
sentially similar to that used in the end-point samp- 
ling method except for the fact that the sampling 
tube is connected to the evacuated lucite distribu- 
tor and multiple reservoir system already de- 
scribed. The sampling tube indicated in the ox}’’- 
gen line is for determining the composition of the 
supply oxygen from time to time and for estab- 
lishing the absence of air leaks. 

The procedure is also similar to that already 
described, save for changes necessitated by serial 
sampling. The sampling procedure involves count- 
ing of the number of breaths of oxygen, rapid 
manual operation of the stopcocks in the distribu- 
tor assembly during the appropriate inspiration, 
and simultaneous operation of an electric signal 
which records the spirometer volume on the ink 
record at the instant of sampling. The technic 
needs to be rehearsed a few times. 

SUMMARY 

The e.xtension of open-circuit methods of meas- 
uring lung volumes to a study of lung clearance 
rates requires certain physical modifications which 
are enumerated above (see - also page 679). 
The necessary modifications have been embodied 
in two experimental assemblies and procedures 
referred to as “end-point sampling” and “serial 
sampling.” 

The assembly designed for end-point sampling 
experiments is composed of standard pieces of 
equipment, slightly modified. The method, al- 
though capable of considerable accuracy, is la- 
borious. 

The assembly designed for serial sampling re- 
quires a specially designed gasometer of small 
internal and external dead sjince, equipjied with 
means for rapid mixing of the exjiired gases and 
with attachments for rapid sainjiling. \\'ith such 
an assembly, lung clearance curves can be «)btained 
in about one-tenth of the time required by the ei;d- 
point .samjding methfKl. .-\ ]>ivf)te<l type gasonu ler 
(Icsigned and built for u^e in the serial s.'inijding 
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apparatus, but also suitable for standard spiro- 
metric studies by open-circuit or closed-circuit 
methods, is described. 

Experimental procedures are given for the 
study of pulmonary clearance curves by the two 
methods. 
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Previous investigators (1) have demonstrated 
the presence in normal human gastric juice of a 
protease which is active at neutral reaction. Cer- 
tain properties were exhibited which distinguished 
the enzyme from pepsin and trypsin. Subsequent 
studies (2-4) showed that the protease and the 
so-called intrinsic factor of Castle possessed cer- 
tain identical properties : both are removed by ad- 
sorption with Lloyd’s reagent, both are unable to 
penetrate a semi-permeable membrane, they are 
not destroyed by Berkefeld filtration or exposure 
to alkali, but are destroyed by exposure to heat 
and are inhibited by an environment more acid 
than pH 3.5. Furthermore, it was found that this 
protease activity was absent or greatly diminished 
in patients witli Addisonian pernicious anemia, but 
was normal in patients with pernicious tapeworm 
anemia. 

The pathogenesis of the macrocytic anemia in 
sprue iias aroused much speculation. Because it 
seemed important to determine whether or not 
the intrinsic factor was contained in the gastric 
juice of this disease, and because the gastric pro- 
tease which is active at neutral reaction may be 
identical with Castle's intrinsic factor, it was de- 
cided to measure gastric protease activity at neu- 
tral reaction in sprue. 

METHODS 

Tlic metbod was similar to that previously described 
( 1 ) , except for modifications noted below. Gastric juice 
was collected free from bile after stimulation with hista- 
mine and promptly filtered through gauze. The juice 
was brought to pH 10 with sodium hydroxide and kept 
for 30 minutes at -10° C, after which it was brought to 
pH 7.4. To SO ml. of such materials were added 50 ml. 
of a I per cent neutral casein solution, the mixture ad- 

’ .Mded by grants from the John and Mary R. Markic 
houndation. and the Duke University Research Fund. 

- .VssiKiate in Medicine. Department of Me<iicine, Duke 
Medical Schwl. 


justed to pH 7.4 and 2 ml. of toluol added. The mixture 
was incubated at 37.5° C for 24 hours, the pH remaining 
constant. The procedures used for the formol titration 
of amino nitrogen and for the determination of total fll- 
trable nitrogen were those previously described (1, 2). 
Samples of the digests were taken immediately, at four 
hours, and 24 hours for formol titration. At the same 
time intervals, samples tvere removed and analyzed for 
the total amount of nitrogen not precipitable by 10 per 
cent trichloroacetic acid. The amount of total filtrable 
nitrogen and of amino nitrogen produced in 24 hours was 
calculated from these determinations. Proteolytic activity 
was judged from increases in filtrable nitrogen in milli- 
grams per 100 ml. digest. The absence of active trypsin 
was shown by the lack of a significant increase in amino 
nitrogen. 

RESULTS 

From a large number of experiments tiie follow- 
ing facts were confirmed : 

(I). The effect oj iucubafibu of noniiof /iiinion 
gastric juice zvitli casein solution at pH 7.4. The 
fasting contents from normal subjects were re- 
moved and discarded. Histamine phosphate 0.5 
mgni. was injected intramuscularly and the gastric 
secretion collected during the next hour. Certain 
physical changes occurred when such gastric juice 
was incubated with an equal quantity of 1 per cent 
casein solution at pH 7.4. The digestion mi.xtures 
became chalky white. The trichloroacetic acid 
filtrates from these serial samples showed pro- 
gressive increases in turbidit}-. Increases in the 
total nitrogen in the trichloroacetic acid filtrate.-; 
occurred along with these physical changes. 

Peptic activity is not manifest at neutral reac- 
tions, and alx)ve pH S pep.sin is destroyed ra])idly 
by OH ions. Furthermore, it has been shown (5) 
that e.xposure to alkali at pH 10 at 40° C for 30 
minutes destroys from 70 to 80 per cent of try])>in 
in solution. There was no significant increa.'-e 
in amino nitrogen in our e.xperiments. Thi.-- sug- 
gests that trypsin and other ere;).'in-like etizytnes 
of dumlenal origin dirl not account tor iticrca-e iit 
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filtrable nitrogen. The results of ten experiments 
on normal controls, which agree with previous re- 
ports, are shown in Table I. 

That infection may have an inhibitory effect is 
suggested from determinations made on gastric 
juice obtained from patients at the time of an acute 
respiratory illness and following convalescence. 
The results of two such experiments are included 
in Table I. This would indicate that the gastric 
protease is inhibited during an acute illness and 
that the inhil)itory factor disappears following re- 
covery. 

(2). The effect of incubation of hitman gastric 
juice, collected from sprue, zvith casein solution at 
pH 7.4. Collections of gastric juice from sprue 
patients and treatment with alkali before mixing 
with casein for digestion were performed in a fash- 
ion similar to that used on normal controls. The 
results of 11 of these experiments on sprue are 
shown in Table II. The gastric juice obtained 
from cases of sprue in remission showed progres- 
sive increases in filtrable nitrogen which compared 
closely to results in normal controls. On the other 
hand, the gastric juice from cases of sprue in re- 
lapse, with characteristic diarrhea, meteorism, 
steatorrhea, weight loss, glossitis, and anemia, 
showed a greatly diminished production of total 
filtrable nitrogen. Also, it is noteworthy that 
there was no significant increase in amino nitro- 

TABLE I 


Effect of ittcubaiion with equal guautity of 1 per cent casein 
solution at 37.5° C and pH 7.4 of preparations 
of gastric juice 


lL\pcri- 

mciit 

num- 

ber 

Preparation and 
reference to clin- 
ical observation 

Increase in ni- 
troRon in triclilo- 
roacetic acid fd- 
, trales. 

1 per 100 

ml. dtfiesl) 

Increase in amino 
nitrogen by for- 
mol titration 

1 (iiigm. fifr 100 

j fnl. digest) 



4 hours 

Z4 hours 

■t hoars 

24 hours 

11 

Control-normal 

37.5 

59.3 

1.6 

1.8 

12 

gastric juice 

14.5 

44.5 

0,3 

2.0 

1.3 

after inciiba- 

31.0 

42.5 

0.8 

1.0 

14 

tion pH 10, 

36.4 

54.7 

0.4 

0.7 

15 

40° C for 30 

32.8 

48.0 1 

0.2 

0.6 

16 

minutes 

20.3 

34.6 

0.5 j 

0.8 

17a* 

1 

4.2 

21.0 1 

0.0 i 

0.1 

17b* 


35.2 

42.0 1 

0.7 I 

1.4 

18at 


7,4 

9.2 

0.0 

0.0 

ISbt 


2S.S 

36.0 

0.6 

0.8 


* S;nn[>!es of gastric jtiicc 17a and 171) were from same 
donor. Sample 17a was cnjiected during an episode of 
acute tonsillitis. Sample 171) was collected one month 
Liter. 

t Samples IS.i and iSb from same donor. Sample 18a 
collivted during acute attack of sinnsiiis. Sample ISb 
ciillected thrie wtak- later. 


TABLE n 


Effect of incubation luith equal quantity of 1 per cent casein 
solution at 37.5° C and pH 7.4 of preparations 
of gastric juice 


E.vpcri- 

ment 

num- 

ber 

Preparation and 
reference to clin- 
ical observation 

Increase in ni- 
trogen in triciilo- i 
roacctic acid fd- | 
trates ; 

(tiigm. per lOQ 
ml. digest) 

Increase in amino 
nitrogen by for- 
mol titration 
(mgm. per 100 
ml. digest) 


i 

4 hours 1 

2d hours 

■t hours 

Zd hours 

30 

Sprtie-rclapse- 

12.0 

13.6 

0.0 

0.4 

31a* 

gastric juice 

7.4 

23.2 

0.0 

0.2 

32 

after incuba- 

12.0 ' 

21.0 

1 0.6 

1.6 

33 

tion pH 10, 

2.7 

22.6 

0.4 

0.8 

34 

40° C for 30 
minutes 

4.8 

14.3 

0.2 ! 

1.4 

31b* 

Sprue-remis- 

40.5 

47.6 

0.0 

0.4 

35 ■ 

sion-gastric 

49.7 

59.0 

0.0 

1.4 

36 

juice, after 

21.4 

55.0 

0.0 

0.7 

37t 

incubation 

18.2 

36.7 

1.6 

1.8 

38 

pH 10. 40° C 

32.0 

49.0 

0.2 

0.8 

39 

for 30 min- 
utes 

i 

22.5 

48.6 

0.8 

1.2 


* Samples of gastric juice .tla and 3Ib were obtained 
from the same donor. Sample .?lb was obtained five 
months later during remission, 
t Case 37 had a-chlorhydria. 

gen. Experiments 31a and 31b noted in Table II 
were performed on the same patient during a pe- 
riod of relapse and remission respectively. These 
da.ta would indicate that the gastric protease is 
distingiiishably less during the relapse stage. 

DISCUSSION 

In the majority of sprue patients, gastric secre- 
tion was obtained without difficulty in a one-hour 
period. During the stage of severe relapse there 
was usually hypochlorhydria and a marked reduc- 
tion in rate of secretion and in proteolytic activity 
at neutral reaction. Such patients were obserA^ed 
again and tests repeated six months after treat- 
ment had produced remission, and they then 
showed a return to normal in all these functions. 
These data suggest that intrinsic factor activity 
may also be reduced in the gastric secretions of 
persons Avith sprue in relapse. 

Attempts were made to do a biologic assay of the 
gastric secretions from these patients in relapse to 
determine the presence or absence of intrinsic fac- 
tor. Our efforts to collect sufficient gastric juice 
for daily feeding experiments failed. Howei^er, 
previous investigators (6) have performed a bio- 
logic assay on gastric secretions from a case of 
sprue. Apparently, they demonstrated the absence 
of intrinsic factor from the gastric contents of a 
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case of sprue in relapse by feeding daily collec- 
tions of gastric juice mixed with beef muscle to a 
case of Addisonian pernicious anemia. 

It has. been stated (7) that the deficiency in 
sprue may come about in a number of ways, among 
which are ( 1 ) a deficiency of extrinsic factor, 
(2) a defect of gastric digestion resulting from 
lack of intrinsic factor, and (2) defective absorp- 
tion from the intestinal tract. 

The mal-absorption from the small intestine in 
patients during relapse can be demonstrated with 
great frequency and certainly is a major cause of 
the sprue syndrome. Defective absorption of fats, 
fat-soluble vitamins, calcium, and carbohydrates 
can be commonly demonstrated. Patients with 
severe diarrhea will also show faulty assimilation 
of protein. 

Dietary histories on our sprue patients have not 
shown any correlation between the ingestion of 
meat products, or other sources of extrinsic factor, 
and the incidence of anemia. When fed adequate 
amounts of beef muscle, the patients in relapse 
failed to obtain a remission. Subsequently, they 
made a satisfactory response to injectable liver ex- 
tract or folic acid. 

The data presented in this paper support the con- 
cept that a defect in gastric digestion may be im- 
portant to the occurrence of macrocytic anemia 
in sprue ; though whether such a defect is primary 
or secondary to gastro-intestinal mal-absorption 
and chronic debility can not be ascertained. Data 
reported here show that acute infection can lower 
the value of the proteol)qic activity at neutral reac- 
tion to a very low level. 

The fact tliat the anemia of sprue is macrocj'tic 
and improved by liver does not mean that a pri- 
mary deficiency of gastric origin is present. This 
is well shown by the pernicious tapeworm anemia. 

It can only be said that the protease activity of 
the gastric juice is lessened in sprue in relapse and 
normal in remission. 

CONCLUSIONS 

1 . When equal quantities of normal human gas- 
tric juice and 1 per cent casein solution are incu- 
bated at 37.3° C and pH 7.4. there is a progres- 
sive increase in fdtrable nitrogenous .substances. 
T he ])roteolysis was not considered to re.sult from 
pepsin because the activity was maximal at pH 
/.4. .Msi), .since there was no significant increase 


in amino nitrogen within 24 hours, together with 
the persistent increase in total filtrable nitrogen 
after exposure to pH 10, it is considered that the 
proteolysis was not due to trypsin. 

2. The proteolytic activity of the gastric en- 
z)'me at neutral reaction, is present to a normal de- 
gree in cases of sprue in remission. It is greatly 
diminished in cases of sprue in relapse. The ab- 
sence of proteolytic activity in cases of pernicious 
anemia suggests that the deficiency of intrinsic 
factor so characteristic of pernicious anemia, may 
be present in sprue in relapse. 

3. In two non-anemic normal subjects, it ap- 
pears that infection inhibited this type of proteoly- 
sis to a considerable degree. 
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INTRODUCTION 

The fact that depletion of sodium and of chlo- 
ride may occur in acute porphyria, in the absence 
of alkalosis due to vomiting, has recently been 
noted independently by Abrahams, Gavey and 
Maclagan (1) and by Linder (2). These authors 
suggested that a possible basis for this deficiency 
was that of adrenal cortical failure, but the re- 
sponse of their two patients to substitution ther- 
apy with cortical hormones does not appear to 
have given unequivocal evidence for this hy- 
pothesis. 

The present paper presents an attempt to ex- 
plore this question in further detail. The plan of 
investigation falls under two headings: firstly to 
study the function of the adrenal cortex during 
the height of an attack of acute porphyria and 
secondly to observe the response to desoxycorti- 
costerone administration in greater detail. Prunty, 
Forsham and Thorn (3) have recently indicated 
that the elucidation of adrenal cortical function 
with respect to its relation to electrolyte metabo- 
lism is a complex matter, whereas the functional 
production of the 1 1-oxy-steroid group of hor- 
mones is more easily assessable by urine analysis 
and the use of the response to purified adreno- 
corticotrophic hormone. The severity of the ill- 
ness of the patient under observation was con- 
sidered a contraindication precluding the use of 
the deprivation test of Cutler, Power and Wilder 

(4). 

MKT HODS 

Tlic iiaticiU ( Case 1 ) was confined to bed during the 
first 80 days of observation. During the period of elec- 
trolyte study she was maintained on a light diet, kept as 
constant as possible, with the addition of 7 gm. of sodium 
chloride daily, the major portion of which was given 
orally as half normal saline. Urine was collected daily 
under toluene and analysed the day of completing the 
collection. The methods of analysis used were as fol- 
1o\vn. Sodium by the metluKl of Butler and Tuthill (5) ; 


chloride by the iodomctric method of Van Slyke and 
Hiller (6) ; potassium by King's method (7) ; carbon 
dioxide combining power by the technique of Peters and 
Van Slyke (8). Total base in serum was estimated by 
electrodialysis (Malm [9]). “Neutral reducing steroids" 
in the urine were determined by the author's modification 
of the method of Talbot ct al. (10),^^ and 17-ketosteroids 
by that of Callow, Callow and Emmens (11), using a 
correction equation for interfering chromogens. The ad- 
renocorticotrophic hormone test for adrenal cortical re- 
serve has been fully described by Forsham ct at. (12). 
Total urine porphyrin was estimated by adsorption on a 
calcium phosphate precipitate followed by solution in hy- 
drochloric acid as described by Sveinsson, Rimington and 
Barnes (13), the final assay of porphyrin being carried 
out in the fluorimeter. 

OBSERVATIONS 
Plasma electrolyte changes 

The trend of the alterations found in the 
plasma electrolytes is indicated in Table I. and 
Figures 1 and 2. At the commencement of the 
period of observation the patient was receiving 
potassium citrate. 2.7 gm. per diem, on account of 
mild urinary symptoms. At this time (15th day) 
there was a moderate deficiency of sodium and of 
chloride, the values being 125 and 86 MEq. per 1. 
respectively. The carbon dioxide combining power 
was normal (30.4 MEq. per 1.). It w'ill also be 
noted that there was a moderate elevation of blood 
pressure, a characteristic of this disease. On the 
19th day potassium citrate was withdrawn and on 
the 20th day a six-day period of desoxycorti- 
costerone acetate administration commenced. This 
was given in two doses per day of 5 mgm. each 
intramuscularly. On the fifth day of desoxycorti- 
costerone administration the serum potassium had 

1 The determination of “neutral reducing steroids” in 
the urine is thought to bear a relation to the endogenous 
11 -oxygenated corticosteroid production. The reducing 
substances in the urine Iiave hitherto sometimes been 
loosely termed “H-o.\ysteroids." 
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TABLE I 


Electrolytes MEq per 1. serum (Case 1) 


Day 


Ka 

H 

Total 

base 

CO. 

C! 

^ Prot. 

1 

«■ 

i ' 

Urea 





1 




i 

Tfjgm. 









i 

per cent 

15 


125 


135 

30.4 

86 

5.4 

38 1 

51 

!9 






87 




20 

10 mgm. DOCA o.d. 









21 

10 mgm. DOCA o.d. 



138 


90 


i 


22 i 

10 mgm. DOCA o.d. 





1 


1 


23 I 

10 mgm. DOCA o.d. 




32.5 

86 




24 

10 mgm. DOCA o.d. 


1.9 


33.0 

87 



32 

25 ' 

10 mgm. DOCA o.d. 









26 


129 

2.1 

138 1 

32.1 

89 

5.2 

34 

55 

29 


134 

2.7 

147 : 

32.5 

91 

5.9 

37 

31 

33 


133 

2.7 

145 

30.0 

93 

6.4 

38 

30 

40 



4.1 



96 ) 




44 



3.5 

145 


101 




91 


140 

5.0 

148 

28.6 

108 

6.9 



97 








36 

28 


fallen as low as 1.9 MEq. per 1. There was no 
definite electrocardiographic evidence of potassium 
deficiency, but there was an increase of muscle 
pain suggesting the onset of the potassium de- 
ficiency syndrome, and it was decided that the 
desoxycorticosterone should be stopped after a 
further 24 hours. On cessation of desoxycorti- 
costerone administration the serum potassium was 
still as low as 2.1 MEq. per 1., whereas there had 


only been a slight rise in serum sodium to 129 
MEq. per 1. and in chloride to 89 MEq. per 1. 
The behaviour of the blood pressure was une.x- 
pected in that a fall occurred from 165/120 to 
135/88 during this period and subsequently rose 
again. 

The patient was then maintained for ten days 
on sodium chloride without adjuvant therapy, dur- 
ing which there was slight improvement in the 



I'kv. 1 . I'm; EtTKCT tiK DK<o,\vn>KTifo.<;Tr.>:nxi: .vnd oy o.v Tin: Srif}'. 

Ki ri-TRfiUTrs <C.\SF. !l 















692 


F. T. G. PRUNXy 


EFFECT OF D. O.C. A. .IN ACUTE PORPHYRIA. 



Fig. 2. The Effect of Desoxycorticosterone on Serum Chloride and Blood 

Pressure (Case 1) 

to as much as 168 MEq. per day. It remained 
considerable throughout the period of study. 

Excretion of “neutral reducing steroids” and re- 
sponse to adrenocorticotropliin 

On the 18th and 21st days the excretions of 
urinary “neutral reducing steroids” were observed 
to be 0.62 and 0.54 mgm. per day, about twice the 
normal figure. At the 90th day this excretion 
had fallen to normal values and there was a small 
fall in 17-ketosteroid excretion which remained at 
low normal values (Figure 3). 

On the 16th day a single dose of 24 mgm. 
adrenocorticotropliin " was given intramuscularly. 
This elicited after four hours a normal fall in cir- 
culating eosinophils of 91 per cent (Figure 3). 
The test was repeated on the 97th day and pro^ 
duced a smaller decrease, amounting to 60 per 
cent. It should be noted that in the first case the 
total fasting eosinophil count was only 59 per 

- I am indebted to the .'\rmour Laboratories, Chicago, 
for tlie adrenocorticotropliin. 


sodium and chloride with a persistently low potas- 
sium. Potassium chloride was given in 2 gm. 
doses daily from the 36th day and thereafter there 
was a marked improvement with respect to potas- 
sium, chloride and sodium. This corresponded to 
a period of clinical improvement. The changes in 
the carbon dioxide combining power were mini- 
mal throughout these periods. 

Excretion of urine chloride 

It will be seen from Table II that in spite of 
moderate hypochloraemia at the beginning of ob- 
servation the urine chloride excretion amounted 


TADI.E II 

Urine excretion of chloride {Case 1) 


Hay 

DOCA 

AveraRP Cl 

I'rinc \'oIumc 


, 1 

JO rrtt^rn. f'rr day 

MEq ptr day 

ml. 

18-20 

— ; 

168 

2593 

1 1 —7 ^ 

+ 

248 

3527 

24-26 

4" ' 

80 

1742 

JT-iD 

— 

166 

2805 

,10-82 

— 

166 

2687 
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c.nim., whereas in the second case it had risen 
to 236 per c.mm., thus behaving inversely to the 
excretion of “neutral reducing steroids.” The 
data concerning uric acid metabolism show that in 
the initial test the uric acid excretion was high, 
the fasting uric acid/creatinine ratio being 0.71. 
In the second test the excretion had fallen to 
normal, the ratio being 0.46. On the first occa- 
sion the response in urinary excretion of uric acid 
to adrenocorticotrophin was small, but this, was 
offset by a sharp rise of 17 per cent in the plasma 
uric acid level. These events occurred at a time 
when the blood urea was elevated to 51 mgm. per 
100 ml. On the second occasion the response of 
urine uric acid excretion was on the low side of 
normal, the urine uric acid/creatinine ratio rising 
from 0.46 to 0.69 after adrenocorticotrophin. In 
this test the alteration in plasma uric acid was 
minimal. 


The interpretation of these changes would ap- 
pear to be as follows (Forsham et al. [12]). 

1. In the early period there was increased ad- 
renocortical activity suggested by : 

(a) Increased excretion of “neutral reducing 
steroids” in the urine. 

(&) High fasting urine uric acid/creatinine 
ratio. 

(c) Low fasting eosinophil count. 

2. In the early period there was adequate ad- 
renal cortical reserve function, shown by: 

(fl) Normal fall in eosinophil count after ad- 
renocorticotrophi n . 

{h) A sharp rise in the plasma uric acid level, 
associated with evidence of decreased renal func- 
tion and absence of increase in urine uric acid 
excretion at a time when uric acid excretion was 
already enhanced. 

3. In the later period, after complete subsidence 
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Fic. 4. Adrenal Cortex (Case 3) X 180 


of the attack of porphyria, the adrenal cortical 
activity had returned to normal, indicated by: 

(fj) The normal excretion of “neutral reducing 
steroids.” 

(b) The fall to normal of the fasting i\rine uric 
acid/creatinine ratio. 

(c) The increase in the fasting eosinophil 
count. 

4. In the later i)eriod there was still an ade- 
quate reserve in adrenal cortical function, shown 
by ; 

(a) Normal fall in eosinophil count after ad- 
renocorticotrophin. 

(b) Low normal response in the urine uric 
acid/creatinine ratio to adrenocorticotrophin. 

Postiiiorfciii findings in the adrenals In Cases 2 

and 3 

Examination of the adrenals from two further 
cases of acute porphyria (Cases 2 and 3) gave 
evidence of cortical hypertrophy. In Case 2 the 
left adrenal weighed 7 gm. and in Case 3 the 
total weight of both adrenals was 16 gm. Histo- 
logical examination of sections stained with haema- 
to.xylin and eosin showed hypertrophy of the cor- 
tical tissue, and the cortical widths in Cases 2 
and 3 were approximately 2 and 4 mm., respec- 
tively. In addition a greater number of cortical 
cells, especially in the fasciculata. showed a well- 
stained uniform cytoplasm and absence of lipoid 


vacuolation of the cytoplasm than is seen in the 
normal cortex (Figure 4). There is also evi- 
dence of increased capillary dilatation in these 
areas. 



Fig. 5. Kid.vev, Haematoxvlin and Eosi.x X 150 
(Case 4) 
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Postmortem findings in the kidneys in cases of 
acute porphyria 

Histological examination of the kidney's from 
Cases 2, 3 and 4 showed similar appearances. 
There was congestion of the capillaries and Cases 
2 and 3 particularly showed some swelling of the 
capsular epithelium with the presence of eosino- 
philic material within the capsular space (Figure 
5). The convoluted tubules and particularly the 
second convoluted tubules, showed severe cloudy 
swelling and atrophic changes in places. The 
lumina of some of the tubules contained epithelial 
debris. The nuclei showed A'arying degrees of 
pyknosis which in places was marked (Figure 6, 
Case 3). 

Ultraviolet microscopy of the material from 
Case 2 showed a ring of red fluorescence in many 
of the tubules and a diffuse reddish fluorescence 
among necrotic epithelial elements contained 
within the tubules. In Case 4 there was a fairly 
intense red fluorescence in the convoluted tubule 
cells and in the debris within the tubules. 

DISCUSSION 

The responses of fall in eosinophils and of in- 
creased uric acid excretion to adrenocorticotro- 
phin have been shown by Forsham et at. (12) 
to be due primarily to 11-oxy-steroid secretion by 
an adrenal cortex capable of stimulation. Bj' 
these criteria Case 1 would appear to have an 
adequate adrenal cortical reserve, both during the 
height of the attack of porphyria and after, its 
cessation. The increased excretion of “neutral 
reducing steroids” in the urine during the acute 
phase is suggestive of increased adrenal cortical 
activity and is supported by finding some eleva- 
tion of the fasting blood sugar at the conclusion 
of the adrcnocorticotrophin test. Such a response 
to the adrenal is typical of the "alarm reaction" 
of Sclye (14) to non-s])ecific somatic trauma, and 
may occur in the course of any acute episode in 
a disease process. 

Ihe question of a parallel increase of desoxy- 
corticostcrone-likc activity on the jiart of the ad- 
renal under such conditions is not settled, but it 
is probable that the part played by the adrenal in 
the "alarm reaction” is mediated through the an- 
terior pituitary (Selye 114]. Long 115]) and 
there is evidence suggesting that anterior pitui- 



Fic. 6. Kidnev, Haematoxylin and Eosin (Case 3) 


tary adrcnocorticotrophin can under certain con- 
ditions stimulate increased desoxycorticosterone- 
like activity (Prunty ct at. [3]). The response 
of Case 1 to deso.xycorticosterone was investigated 
with the idea that if endogenous desoxycorti- 
costerone deficiency existed a dramatic response 
should be obtained as observed by Loeb cl at. 
(16) and by Tliorn ct ah (17) in Addison’s dis- 
ease. On the other hand, if endogenous produc- 
tion was adequate the response would be less 
dramatic. The observed response was poor espe- 
cially when the jiotentiating effect of potassium 
withdrawal is also considered. The most marked 
effect appears to have been in decreasing an al- 
ready low serum potassium, which latter in itself 
is unlikely in the iiresence of endogenous defi- 
ciency of desoxycorticosterone. In the case re- 
ported by .-MjEahams cl at. ( 1 ) the serum jjota^- 
siiun was also below, rather than above, normal. 
The observation of a fall in blond jiressure <iuring 
the a<lministration of desoxycorticosterone i^ an 
unusual one. and not a typictil resjxui.-e. The 
effect of desoxycortico-terone in incre.-i'-itjg ebb*, 
ride excrelitm ba^ so far only been ob-erved in. 



696 


F. T. G. PRUNTY 



Fig. 7. Adrenal Cortex from a Case of Cushing’s 
Syndrome, Excreting 8.2 jigm. of “Neutral Reducing 
Steroids” Per Diem (For Comparison) 


man under conditions where available desoxy- 
corticosterone is excessive, either from excessive 
administration (Zierler and Lilienthal [18]) or in 
Cushing’s syndrome (Softer ct al. [19]). It was 
also found that improvement in the state of serum 
electrolytes and of the patient’s general condition 
continued and even became more marked when 
jiotassium chloride was subsequent!)' given. 

The postmortem state of the adrenals in Case 2 
and Case 3 suggests increased adrenal cortical 
activity. Adrenal hypertrophy also appears to 
have been present in the case of Abrahams ct al. 
(1). The adrenals of these cases may be com- 
pared with the adrenal cortex from a man with 
Cushing’s syndrome excretion up to S.2 mgm. per 
day of “neutral reducing steroids" (Figure 7). 
The lindings in these glands, in the light of evi- 
dence of increased cortical activity in Case 1 , are 
comixitihle with those of Rogers and Williams 
(, 20 ) . 

If the sixlium and chloride deficiency observed 
i' not due to adrenal failure, some other explana- 


tion must be sought. Examination of the kidneys 
from Cases 2, 3 and 4 shows mild changes remi- 
niscent of those seen in the so-called “renal 
anoxia” syndrome described by Maegraith, Ha- 
vard and Parsons (21), or perhaps better termed 
“lower nephron nephrosis” by Lucke (22). The 
renal changes have been well described by Dar- 
mady et al. (23). In this syndrome failure by 
the kidney to retain chloride has been found to 
occur by Humphrey and Jones (24), and even 
potassium deficiency can apparently occur (By- 
waters and Stead [25]). It has been shown by 
Thorn, Koepf and Clinton (26) that sodium and 
chloride retention is not induced by desoxycorti- 
costerone when certain types of renal lesion are 
present, and where marked depletion of these ions 
may be found (Peters, Wakeman and Lee [27]). 
A mild degree of non-protein nitrogen retention 
also frequently occurs in porphyria and was ob- 
served in Cases 1, 2 and 4. The possibility that 
the renal tubules in Case 1 may have been in- 
volved in pyelonephritic lesions must be also 
taken into account. Pyelonephritis was observed 
to occur in the case of Abrahams ct al. (1). It 
is clear that further investigations of these points 
are required with more attention to the functional 
renal pathology. 

SUMMARY 

1. A phase of decreased plasma sodium and 
chloride has been studied in acute porphyria. 
This reacted poorly to administration of desoxy- 
corticosterone acetate. 

2. Data concerning the esosinophil counts, uric 
acid excretion and “neutral reducing steroids” 
excretion indicated increased adrenal activity dur- 
ing the acute phase of the disease. The response 
by the adrenal to adrenocorticotrophin stimulation 
showed an adequate adrenal cortical reserve func- 
tion during the acute phase and in convalescence. 

3. From examination of adrenals of cases of 
acute porphyria it is evident that cortical hyper- 
trophy can occur and there is histological evidence 
that secretory activity may be increased. 

4. In tbe light of present knowledge the corre- 
lation of the various phases of adrenal cortical 
activity are discussed and it is concluded that the 
disordered electrolyte metabolism is not pri- 
marily adrenal in origin. Abnormalities present 
in histological section of the kidneys suggest the 
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necessity for further investigation of renal function 
in this disease. 

APPENDIX 

Case notes 

Case 1. A 42-year-old woman complained that for 
nine days she had suffered from anorexia and nausea. 
She was an orphan, and had two healthy children. 
Since an operation for prolapse eight years previously 
she had had attacks of cystitis. For a week there had 
been marked asthenia and several attacks of vomiting 
with small quantities of vomitus, and she complained of 
an acheing pain in the lower abdomen. The attack coin- 
cided with one of her menstrual periods which were 
normal. She had noticed nocturia. The patient was a 
dark-haired individual with some generalised increased 
pigmentation and mild facial hirsutes. There was marked 
tenderness in both inguinal fossae, but no guarding, and 
constipation was severe. Blood pressure was 150/90, 
pulse rate' 100 and temperature ranging up to 99° F. 
The urine contained a trace of albumin and a few pus 
cells of which 80 per cent were polymorphs. The blood 
urea was 44 mgm. per 100 ml. She was given potassium 
citrate on account of her urinary symptoms. 

After seven days penicillin therapy was commenced but 
without effect. After 13 days of increased pain and de- 
veloping rigidity in the lower abdomen exploratory lapa- 
ratomy was carried out without significant findings. The 
patient had become mentally poorly co-operative and was 
slightly hallucinated. 

Her urine then was shown to contain porphobilinogen 
and uroporphyrin and the diagnosis of acute porphyria 
was established, the 'uroporphyrin excretion ranging from 
12 to 35 mgm. per day. (A study of the porphyrin 
excretion is being fully reported elsewhere [McSwiney, 
Nicholas and Prunty, 1949] [28].) 

On the 15th day her blood pressure had risen to 160/115 
and the pulse rate varied between 120 and 130 for the 
following three weeks. The plasma protein was 5.4 gm. 
per cent, albumin 3.3 gm. per cent, globulin plus fibri- 
nogen 2.1 gm. per cent. Scrum cholesterol was 222 mgm. 
per cent with 68 per cent ester ; alkaline phosphatase 2.4 
units, thymol turbidity 4 units; blood urea 51 mgm. per 
cent and icteric index 4 units. On the 16th day the 
urobilinogen excretion was 2.9 mgm. per day, and 10.4 
mgm. per day on the 28th day. It fell to less than 1 
mgm. per day from the 22nd day onwards. At the con- 
clusion of the adrcnocorticotrophin test on the 16th day 
and after 18 hours' fast, the blood sugar was 131 mgm. 
per cent, but glycosuria was never found. Values for 
scrum electrolytes arc recorded in Table I. 

Potassium citrate was withdrawn on tlic 18th day and 
dcsoxycorticostcrone acetate 5 mgm. b.d. given intra- 
muscularly from the 20lh to 25th days inclusive, and she 
was receiving 7 gm. of added sodium chloride. .At the 
end of this period of six days she complained of increas- 
ing widespread muscle pain and a constrictive feeling in 
the chest. There was a generalised fine somatic tremor. 
The electrocardiogram was interpreted as being within 


normal limits on two occasions, but reading was difficult 
on account of the tremor. Since the patient’s condition 
had apparently deteriorated and the potassium level was 
so Tow (Table I) D.O.C.A. was withdrawn. 

On the 29th day the plasma protein was 5.9 gm. per 
cent, albumin 3.0 gm. per cent; serum cholesterol 311 
mgm. per cent, 64 per cent being ester ; alkaline phospha- 
tase 2 units; icteric index 5 units. There was a B. colt 
bacilluria which failed to improve with penicillin therapy. 

On the 36th day she was given potassium chloride 2 
gm. daily in addition to the sodium chloride. From this 
time she started to improve clinically and the pulse rate 
gradually returned to normal in the following five weeks. 
At the end of this period she had greatly improved, the 
blood pressure had fallen to 130/60, and urea clearance 
was 75 per cent of normal. The B. colt bacilluria was 
cleared up with mandelate therapy. After a further four 
weeks she was discharged well. 

Case 2. A girl aged 16 was admitted to hospital with 
convulsions after a week’s acute abdominal pain. Pulse 
rate was 110, temperature 100.5° and blood pressure 
120/80. Blood urea was 43 mgm. per cent, plasma pro- 
tein 7.5 gm. per cent, albumin 3.4 gm. per cent. Urine 
urobilinogen two plus. The urine contained porphobili- 
nogen, and uroporphyrin amounting to IS mgm. per day. 
The attack subsided in three weeks. 

Six months later the patient returned with abdominal 
pain, soon after the onset of which menstruation com- 
menced. After two weeks ascending paralysis appeared 
and the patient ultimately died of bronchopneumonia and 
intercostal paralysis. Investigations during the attack 
showed 26,000 white cells; blood urea 62 mgm. per cent, 
plasma protein 6.5 gm. per cent, albumin 3.2 gm. per cent. 
There was a slight increase of urine urobilinogen and an 
occasional granular cast. The urine uroporphyrin ex- 
cretion ranged up to 68 mgm. per day. 

The chief postmortem findings were areas of focal 
necrosis in the liver which was shown to contain uro- 
porphyrin by ultraviolet microscopy and analysis. It also 
contained porphobilinogen. The renal and adrenal find- 
ings are described above. Detailed investigations of the 
case have already been reported. (Prunty [29].) 

Case 3. A man aged 20 complained of marked asthenia 
for several weeks. Six months previously he had an 
attack of paralysis accompanied by a dark urine, and 
three months previously an attack of abdominal pain with 
similar urine. 

During the present attack the pain was generalised 
with tenderness in the iliac fossae. There was slight 
conjunctival icterus. After the onset of mild paralytic 
symptoms he died suddenly in ten days. The scrum 
sodium was 126 MEq. per 1. and blood urea 34 mgm. 
per cent nine days before he died. Porphobilinogen and 
porphobilin were present in the specimen of urine exam- 
ined and a moderate amount of uroporphyrin as tire zinc 
metal complex. 

.At autopsy the myocardium was found to f>e thin, but 
otherwise notmal. Tl)e liver showed areas suggestive of 
early focal necrosis. The hepatic cells centained numer- 
ous brou-aish pigment granules, particularly in the cen- 
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tral portion of the lobules. The adrenals and kidneys 
have been described above. 

Case 4. A man aged 26 for two months noticed a 
darkening in the colour of his urine. At birth a menin- 
gocele was present. He was admitted to hospital with 
a diagnosis of intestinal obstruction for two days. Con- 
stipation was complete. He was in shock with a very 
low blood pressure, pulse 140, and temperature 101° F. 
The blood contained 18,500 white cells; N.P.N. 66 mgm. 
per cent, carbon dioxide combining power 41 MEq. per I., 
chloride 88 MEq. per 1. The urine had a specific gravity 
of 1020, no albumin, but hyaline casts and unidentified 
brown crystals were present. There was a great deal of 
porphobilin present in the specimen of urine examined, 
with much porphyrin metal complex which could not be 
further identified with the amount of material available. 
There was a two plus reaction for urobilinogen. 

The patient died at the end of a week and autopsy 
showed congenital absence of the left kidney with double 
renal pelvis and ureter on the right. There was extreme 
gut distention and much fluid present. The liver ap- 
peared normal. Histologically the liver showed the pres- 
ence of numerous non-iron staining brownish granules in 
the liver cells. Ultraviolet microscopy revealed intense 
red fluorescence in these areas. The pigment appeared 
to be concentrated particularly in the cells in the central 
portions of the lobules, particularly about the central vein. 
The parenchyma in the centres of some of the lobules 
showed early degenerative changes. The kidney is com- 
mented upon in the text above. 

I am indebted to Drs. Adams and Harewood Little 
for material from Cases 3 and 4. 
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The preparation of a pure, concentrated human 
serum albumin by Cohn and his associates (1) 
offers a unique opportunity for the study and treat- 
ment of patients with a deficiency of serum albu- 
min. The homogeneity of this material permits the 
tracing of the administered protein (2), while the 
infrequency of untoward reactions on the patient 
and the freedom from risk of homologous serum 
jaundice allow the use of albumin in cases in 
which the physician would hesitate to administer 
whole plasma or plasma substitutes (3-5). 

The severe deficiency of albumin in the nephro- 
tic syndrome presents a strong indication for al- 
bumin therapy, but treatment with albumin has 
produced quite variable effects on hypoproteine- 
mia and edema (4-9). The variability of clinical 
and chemical response in different patients and 
in the same patient at different times led us to 
examine in detail the effects of the administration 
of concentrated human serum albumin to patients 
with the nephrotic syndrome. The results call 
for a re-examination of some of the basic assump- 
tions concerning the hypoproteinemia and edema 
of nephrosis. 

PATIENTS 

Thirteen patients witli the characteristic features of the 
nephrotic syndrome have been treated. No patients with 
marked liypertension or renal insufficiency were included. 

The patients were put to bed and given a diet calculated 
to contain protein, 1 gram/kg. and sodium 0.5 m.eq./kg. 
per day, with fluids ad lib. When the fasting weight 

1 This investigation was supported by a research grant 
from the Division of Research Grants and Fellowships 
of the National Institute of Health, U. S. Public Health 
Service. 

The concentrated human scrum albumin used in this 
study was made available in the largest part by the 
American Red Cross, and in smaller amounts for specific 
cases by the Sharp and Dohme Company and by the 
U. S. Na%y. 

-Present address: Stanford University Hospitals, San 
Francisco IS, California, 


became stationary for three or more successive days, 
treatment with concentrated human serum albumin in 25% 
solution was begun. Albumin was administered through 
a 20 or 21 gauge needle, at a rate of 25 grams in 40 to 
60 minutes. 

Twenty courses of albumin therapy have been given, 
varying from three to six days in length. The usual 
dosage was 50 grams per day, but daily dosage was modi- 
fied in four cases to meet individual problems. Only 25 
grams per day were given to one older patient as a pre- 
caution against possible cardiovascular complications. 
Dosage was reduced to 25 grams per day for two women 
who complained of severe headache after larger doses. 
Seventy-five grams per day were given to one patient in 
whom 50 grams had failed to induce diuresis, but the only 
•additional effect was an increased proteinuria. 

The duration of treatment was guided by the effects. 
In the early cases, we received the impression that the 
maximal diuresis occurred in the first few days of treat- 
ment, so that if diuresis failed to appear in three to five 
days, treatment was stopped. If a good diuresis appeared, 
treatment was continued until the weight became sta- 
tionary and/or edema disappeared. These principles were 
tentative and were determined to some extent by the 
availability of albumin at that particular time. 

METHODS 

These have been described in an earlier report (2). 
The following minor changes have been made. No at- 
tempt has been made to determine the plasma volume 
with T-1824 when fasting serum was visibly lipemic. 
Plasma protein concentration was determined by nitrogen 
content, which has also been used for albumin determina- 
tion by sodium sulfate fractionation. Albumin concentra- 
tion, measured by electrophoresis, cannot be calculated 
from the total protein concentration measured by nitrogen 
content, since the refractive index of lipid-rich plasma is 
higher than expected from its nitrogen content (10, 11). 
Since the electrophoretic analysis measures the proportion 
of colloid refractive increment contributed to serum by 
albumin, this percentage has been applied to the total 
colloid refractive increment of the scrum to ascertain the 
refractive increment contributed by albumin. As the spe- 
cific refractive increment of albumin is known, the albu- 
min concentration can be calculated. This calculation 
yields a value for albumin concentration which is lower 
than the value obtained from the sodium sulfate fraction, 
which is known to be contaminated with globulin. The 
difference between the two values for albumin concentra- 
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in hematocrit probably exaggerated the extent of 
the changes. Measurement of the hemoglobin 
concentration indicated a smaller change in plasma 
volume. The dilution of the blue dye T-1824 was 
also less than the dilution of the blood cell volume. 
Dilution of the plasma globulin (determined by 
electrophoresis) corresponded reasonably well 
with the other determinations. In calculations 
involving plasma volume, the dilution of T-1824 
has been used. 

Observation of the patient confirmed the in- 
creased blood volume. After each injection, the 
veins of the neck became fuller as the venous pres- 
sure rose a few centimeters of water. Transitory 
increases in pulse rate and blood pressure were 
common. A sensation of fullness in the head and 
neck was sometimes noted by the patient. Dyspnea 
sometimes followed the administration of albumin 
when the vital capacity was seriously reduced by 
pleural effusions and ascites. 

When 50 to 75. grams of albumin were given 
daily, there was considerable individual variation 
in the duration of the effect on plasma volume 
(Figure 1 ) . In some cases, the increase in volume 
was sustained for many hours. Subsequent in- 

ALBUMIN 

25 GRAMS I.V. TWICE DAILY 
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Fig. 1. Effect of I.\'tra\xnous Admixistratio.s' of .Albumi.v 
o.v THE Plasma Volume 

All volumes arc related to the initial volume taken as unity. 
The hca\-y outlines show the range, and the brohen line gives 
the average of measurements during 12 courses of treatment of 
nine p.itients. Note the large increase in plasma volume after 
each dose of 100 cc. of solution of albumin. 


tion was constant in the same individual from time to 
time, but among eight different patients of this series the 
difference varied from 0.2 to 1.0 gram per 100 cc. 

RESULTS 

1. Plasma volume. . Following each injection of 
concentrated albumin, there was a rapid expansion 
of plasma volume (Figure 1). The dilution of 
the blood was often clearly visible as lipemia and 
hemoglobin concentration declined. Measurement- 
of the plasma volume with blue dye, T-1824, con- 
firmed the hemodilution when the plasma was clear. 
If the plasma was even slightly lipemic, dilution 
increased light transmission very greatly, giving 
further evidence of the dilution of the blood but 
making the direct determination of dye impos- 
sible. The concentration of globulins in the plasma 
decreased after each injection of albumin (Figure 
2). The concentrations of the globulins and of 
hemoglobin rose again in the intervals between in- 
jections. 

The various methods agreed on the large mag- 
nitude of the increase of volume. The data ob- 
tained by several methods in one patient are 
presented in Figure 3. Volumes based on the fall 
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Fig. 2. Effects of Intravenous Administration of 
Albumin on the Concentrations of Plasma Protein, 
Albumin, and Globulins 

Data are from 14 courses ol treatment of 11 patients. 
The heavy outlines give the range, and the middle lines 
the average of the individual cases. Each injection was 
followed by an increase in the plasma albumin concentra- 
tion, while the globulin concentration fell. Treatment 
had little effect on the total plasma protein concentration 
in the ten instances whose average is shown by the broken 
line, but in four patients, there was a definite increase in 
the protein concentration, indicated by the dotted line. 
All of these four patients were free of edema at the end 
of treatment. 

jections on the same clay produced further in- 
creases, and the volume did not return to the base 
line overnight (Figure 4). In Case 1, a maximum 
was reached on the second day at a volume nearly 
double the control levels (Figure 5). In other 
cases, the maximum was reached more slowly. 
In a few instances, the plasma volume returned 
rapidly toward its usual level, and cumulative in- 
creases in volume on successive days were small 
or absent (Figure I). 

2. Cor.ccntratior. oj albumin and globulins in 
plasma. In most of the patients studied, the con- 
centration of albumin in the plasma was increased 


most strikingly on the first two days of therapy 
(Table I). Subsequent injections produced much 
smaller changes in the concentration of plasma al- 
bumin, which fell quickly when therapy was stopped 
(Figure 2). A cumulative increase in albumin 
concentration beyond the first few days is possible 
when proteinuria is minimal and when diuresis 
follows (Table I). 

The increased albumin concentration was re- 
^flected in a parallel rise in colloid osmotic activity 
of the plasma (Figure 5). 

The change in the total protein concentration 
was less striking and frequently was negligible 
(Table I, Figure 2). When concentrated albumin 
solutions are injected intravenously, the added al- 
bumin draws into the plasma a large volume of ex- 
tracellular fluid. The plasma globulins are diluted, 
and the concentrations of the various electrophore- 
tic fractions fall in a uniform fashion as the albu- 
min concentration rises. Since albumin has a 
higher osmotic activity than most of the proteins of 
nephrotic plasma, more water per gram of protein 
may enter the plasma than was originally present. 
Thus the total protein concentration may decrease 
after an injection of albumin, even though the os- 
motic activity of the plasma is increased by the 
rise in concentration of albumin (Figure 5). On 
later days of treatment, the total protein concentra- 
tion tended to rise slowly, but there was consider- 

ALBUMIN 


25 GRAMS 1 V TWICE DAILY 



Fig, 3. Changes in Plasma Volume Calculated 
FROM Dilution of Dye, Hematocrit, Hemoglobin and 
Globulin, in a Patient Receiving Albumin (Case 1) 
The initial plasma volume was determined with the 
blue dye T-1824. Subsequent changes were calculated on 
the basis of dye (square), hematocrit (solid circle), total 
hemoglobin determined as cyanmethcmoglobin (open cir- 
cle), and globulin determined by electrophoresis (cross). 
All data agree on the large increases in volume. The 
hematocrit tends to exaggerate the change. 
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able variation from patient to patient. Two fac- 
tors which influenced the changes in plasma pro- 
tein and albumin concentration were variations in 
edema and the loss of albumin from the plasma. 

3. Effect of edema on the plasma protein con- 
centration. The lack of a sustained diuresis fol- 
lowing treatment was apparently also a factor 
favoring dilution rather than concentration of the 
plasma proteins. The three patients whose plasma 
protein concentration approached normal were 
completely free of edema at the end of treatment 
(Figure 6) . In general, the patients with the least 
edema showed larger increases in plasma protein 
concentration. When edema was massive, the 
changes in plasma protein concentration were 
smaller and less consistent in direction. 

Diuresis can occur without an increase in plasma 
protein concentration, and with an increase in al- 

AL6UMIN omws <i.v.) 



Fic, 4. Effects of Treatme.s't with .•\lbumi.n' on the 
Plasma Proteins in Case 7 
All data arc plotted as per cent of normal. 

The patient’s total circulating protein w-as increased to 
normal levels after two days of treatment. Diuresis bc- 
Kan on the first day and was complete by the end of the 
third day of treatment. On the third day, the plasma 
protein and albumin concentrations rose to the lower 
limits of normal. 


ALBUMIN ORAUS (IV) 


25 23 25 25 25 25 23 25 



Fig. S. Effects of Treatment with Albumin on the 
Plasma Proteins in Case 1 

All data are plotted as per cent of normal. 

The total circulating protein (solid circles, broken line) 
is the product of the plasma volume, and the plasma pro- 
tein concentration (open circles, solid line). During 
treatment, the total circulating protein was increased 
almost to the normal range (equivalent to 6% protein 
and a normal plasma volume), but was so diluted by 
extracellular fluid that there was no appreciable increase 
in plasma protein concentration. The colloid osmotic 
pressure and albumin concentration of the plasma were 
approximately doubled, but the patient was still massively 
edematous at the end of treatment. 

bumin concentration no larger than that observed 
in cases with persistent edema (Figures 6 and 7). 
In no instance, however, did the plasma protein or 
albumin concentration approach normal levels 
without a preceding complete relief of edema 
(Figure 6, Table I). 

4. Total circulating protein. When the total 
circulating protein is calculated from the protein 
concentration and volume of the plasma, it is evi- 
dent that the injection of concentrated albumin can 
effectively replace the deficit of circulating albu- 
min. The total circulating protein was approxi- 
mately doubled, reaching 75-125^7 of the normal 
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In five such cases followed from four months to 
2% years, the proportion of albumin in the elec- 
trophoretic pattern varied less than 5% between 
any two analyses on the same patient. All five 
analyses of the serum of one patient and the two 
analyses of serum of another patient showed a 
proportion of albumin within ± 1% of the mean. 
The proportion of albumin, reproducible within 
the error of the method, was grossly increased dur- 
ing treatment with albumin, but returned Avithin 
four to 30 days (average 14 days) to the pre- 
treatment level. 


Fig. 6. Relation Between Changes in Edema and 
IN Plasma Protein Concentration of Patients 
Treated with Albumin 

Edema is expressed as per cent of usual body weight. 
Each arrow indicates the change in plasma protein con- 
centration and in edema during a course of treatment 
with albumin, the head of the arrow representing condi- 
tions at the end of treatment. Note that patients with 
heavy edema generally had small increases or decreases 
in the plasma protein concentration after albumin treat- 
ment. A plasma protein concentration approaching nor- 
mal was seen only when edema was eliminated. 

total ® after two or three days of treatment (Fig- 
ures 4 and 5). The proportion of albumin was 
usually increased until it equaled or exceeded the 
amount of globulin (Figure 2). This almost com- 
plete replacement of the plasma proteins was not 
regularly followed by a corresponding increase in 
plasma protein concentration because of the great 
dilution of the plasma. 

5. Duration of effects of treatment. The effects 
of intravenous albumin on the circulating proteins 
persisted for only a short time after treatment was 
stopped. The plasma volume and albumin con- 
centration declined as albumin was lost in the 
urine, usually reaching tlie control level within a 
week or two, depending on the rate of urinary loss. 
In chronic, stationarj' cases of nephrosis, the pro- 
portion of the blood proteins was often constant 
for months. When such patients were treated 
with albumin, the electrophoretic pattern returned 
with great accuracy to the pre-treatment picture. 
Persistent changes in the plasma proteins after 
treatment probably result from a more funda- 
mental alteration in the pathological stale. 

Norm.ll circulating protein" = (pl.i.cma volume ex- 
pected from height, edema-free weight, and sex) X (7A 
grams of protein per 100 cc.). 
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Fig. 7. The Relation Between Proteinuria and 
Chances in Plasma Albumin and Total Protein 
Concentrations 

Each point represents a course of albumin treatment, 
and indicates the change in concentration of plasma albu- 
min or protein during treatment, compared with the 
amount of protein lost in the urine on the later d.iys of 
treatment when proteinuria was maximal. Essentially tlie 
same relationship is noted when the per cent of total 
injected protein lost in the urine during treatment is 
charted in place of ma.ximal proteinuria. The degree of 
edema at the end of treatment is indicated by Uie symbols 
as heavj’ (X), slight (open circle), or absent (solid cir- 
cle). Note the relatively small effect of the large varia- 
tion of proteinuria on the change in plasma protein con- 
centration. Relief of edema was infrerjuent in patients 
U'ho developed massive proteinuria, and was quite variable 
in patients with little proteinuria. TTie largest increases 
of plasma albumin and protein concentration f<currc-i in 
patients who eliminated their edema v.h.i!c tiiej" retair.eii 
protem. 
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DISTRIBUTION OF INJECTED ALBUMIN. 


day of 

TREATMENT 


CASE 7 
4 DAYS R. 

7 DAYS POSr-IJ.. 


FIRST DAY 



LAST DAY POST-TREATMENT 



CASES 
6 DAYS Ru 
9 DAYS POST-R. 




CASE 6 
•4 DAYS R. 

II DAYS POST-R. 




CASE 3 
5 DAYS Rw 
8 DAYS POST- R. 


CASE 1 
4 DAYS R. 

6 DAYS POST-R. 

Fig. 8. Fate of Injected Albumin After One Day 
OF Treatment, at the End of Several Days of Treat- 
ment, AND Six to 11 Days After the End of Treat- 
ment 

P = Albumin retained in plasma in excess of control 
U = Albumin in urine in excess of control 
T = Administered albumin not found in plasma or urine 
N = Non-protein nitrogen from catabolism of albumin 
The area of each circle represents the total dose of 
albumin administered, up to and including stated day. 
The distribution of the albumin is indicated by the areas 
of the various sectors. 

Cases are arranged in order of response to therapy, 
from complete diuresis and normal protein level at the 
top of the chart (Cases 7 and 9) to failure to affect 
hypoproteinemia and edema (Cases 1 and 3) at the bot- 
tom of the chart. Note the relatively constant proportion 
of albumin stored in the tissues at the end of treatment. 
There is some correlation between amounts of albumin 
held in the plasma or lost in the urine, compared with the 
results of treatment in the first four cases. The failure 
of treatment in Case 1, however, can not be explained on 
this basis. 



6. Fair of bijcclcd albumin. Much of the albu- 
min ^ven by vein disappeared from the circulation. 
A small part of the lost albumin appeared in the 
urine on the first day of treatment (Figure 8). 
If treatment was continued, a larger propor- 
tion was lost in the urine, reaching a plateau on 
the third or fourth day (Figure 9). In more 






severe cases, the entire daily dose of albumin was 
lost in the urine after the first few days of treat- 
ment, but in milder cases, most of the administered 
albumin was retained in the body (Table I). 

Between 33% and 55% of the injected albumin 
could not be found in the plasma or in the urine at 
the end of treatment (Figure 8). This protein 
must have passed into the extracellular fluid, and 
a part may have entered the cells, where it could 
be stored or burned. A few efforts were made to 
locate the lost protein. Samples of effusions and 
fluid before and after treatment were obtained 
when edema was not relieved by treatment. Anal- 
ysis of these fluids for protein indicated that the 
injection of albumin increased the protein content 
of effusions and of interstitial fluid, but that both 
initial and final concentrations were very low. 
In Case 12, edema fluid, collected from each leg 
by Southey’s tubes, contained 0.055% and 0.049% 
protein before albumin was given. The adminis- 
tration of 25 grams of albumin increased the con- 
centration to 0.064% and 0.056% in the two legs. 
The protein concentration fell to the control level 
within four hours in the right leg, from which fluid 
continued to drain at a rate above 1 liter per day. 
The flow of fluid from the left leg fell to less than 
half the control rate for 48 hours, while the protein 
concentration remained at a level of 0.063%, and 
then the flow increased again, with a correspond- 
ing fall in protein concentration to the control 
level. This sort of data suggests that in the tis- 
sues, as well as in the plasma, shifts of fluid may 
affect the concentration of protein. One may re- 
call a similar effect in Drinker’s studies on the 
protein content of lymph. The important point 
is that the injection of albumin appeared to make 
only an infinitesimal change in a minute con- 
centration. 

The effect on the protein concentration of ascitic 
fluid was also very small. In Case 8, 150 grams of 
albumin in three days raised the protein concen- 
tration of 4 liters of ascitic fluid from 0.1% to 
0.3%, while the weight dropped 1 kg., the plasma 
protein concentration fell slightly, and the plasma 
albumin concentration rose by approximately 65% 
above its initial level. In Case 12, 250 grams of 
albumin in five days raised the protein concen- 
tration of ascitic fluid from 0.1% to 0.2%. Al- 
though edema increased steadily despite treatment 
in this patient (see Table I), only 1 liter of ascitic 
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fluid could be obtained at the end of treatment; 
doubtless, more was present, but not a great col- 
lection. 

Rough calculation from these data indicates that 
the amount of protein lost into the extracellular 
fluid would hardly account for all of the lost pro- 
tein. This conclusion might also be inferred from 
the similar loss of albumin into the tissues, 
whether the patient is massively edematous or vir- 
tually edema-free (Figure 8). It seems likely that 
some of the protein was stored intracellularly. 
Some attempts were made to study such storage 
by the method of comparing nitrogen, potassium, 
and phosphorus balances, used by Albright, Reif- 
enstein, and Forbes (12). The results were con- 
fused by the major changes in excretion of these 
elements, due to alterations in renal function and 
diuresis which followed albumin therapy. These 
changes will be commented upon in connection 
with nitrogen balance. At the end of two weeks. 


most of the injected albumin nitrogen could usu- 
ally be accounted for as excess albumin and non- 
protein nitrogen in the urine (Figure 8). 

7. Effect on nitrogen balance. Study of the 
total nitrogen balance fails to describe adequately 
the changes during albumin therapy of nephrosis. 
It is important to separate the protein and non- 
protein fractions, which show different and some- 
times opposite changes. It is also necessary to 
take into account changes in the volume and com- 
position of body fluids which follow the adminis- 
tration of albumin (Figure 10). 

Most of the albumin administered on the first 
day of treatment is retained in the body, but it has 
already been shown that more and more of the 
injected albumin may be lost on later days of treat- 
ment (Figures 8 and 9). When treatment is 
stopped, protein is lost in the urine in amounts 
considerably above the control level for several 
days. The excess protein in the urine is almost 



GLOBULIN ] r : t — - -r- i l 

“ » ♦ * 

DAYS ' 2 3 « 5 C 7 » 9 10 II IZ 13 11 


Fig. 9. Effects of Albumix Administbatiox on the Excpxtiok of 
Non-Pbotein Nitbocen, Albumin, and Globulin in the Urine 
The outer lines show tlie range, and the central line indicates the aver- 
age for nine patients. 

Note the immediate increase in urinary non-protein nitrogen on the first 
day of treatment, and the fall below the base-line after the end of treat- 
ment. The increased protein in the urine, rising to a plateau after several 
days of treatment, is composed almost entirely of albumin. The increased 
nitrogen c-xcretion during the second week is probably related to the 
catabolism of albumin stored during treatment 
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Fig. 10. Effects of Albumin Therapy on Nitrogen 
Balance 

In both balance charts, intake is plotted down from the 
base line (0) to the bottom of the shaded area. The 
nitrogen excreted by several routes is indicated as fecal, 
protein nitrogen (PN), and non-protein nitrogen (NPN). 
If the sum of these excretions falls below the base-line, 
the patient is in positive balance, i.e., intake exceeds out- 
put. If the total rises above the base line, the patient is 
in negative balance. 

The upper chart represents total nitrogen balance, 
which reflects not only the metabolism of protein, but also 
changes in the volume and composition of the body fluids. 
In the second chart, the total balance is corrected for 
changes in body water, non-protein nitrogen concentra- 
tion, and total circulating albumin, which are plotted be- 
low on an equivalent scale in terms of the grams of 
nitrogen which they represent. In this correction, non- 
protein nitrogen which is removed from the body fluids 
by diuresis and improved renal function is subtracted 
from the nitrogen excretion, since it does not represent 
any change in protein catabolism, but simply a shift from 
body fluids to urine. The nitrogen which accumulates in 
the body fluids after treatment is added to the nitrogen 
excretion, where it would appear if renal function w'crc 
more cfheient. Similarly, albumin which accumulates in 
the plasma during treatment, only to be excreted in the 
urine after treatment, is calculated as if it had not been 
retained. In the corrected chart, the storage and dela 3 -ed 
catabolism of albumin in the cells can be seen, free from 
tlie c.xtraccllular and renal changes which complicate the 
total balance chart. 


entirely albumin, as globulin excretion is little 
affected. 

The changes in excretion of non-protein ni- 
trogen (NPN) are different in several respects 
(Figures 9 and 10). At the beginning of albumin 
therapy, there is an increased excretion of NPN. 
The NPN concentration of the blood usually falls, 
averaging 7 mg. per 100 cc. lower at the end of 
treatment, with the largest decreases from blood 
levels above 30 mg. per 100 cc. After the end of 
treatment, the excretion of NPN falls temporarily 
below the control level, and the NPN concentra- 
tion of the blood increases. 

The initial rise of non-protein nitrogen in the 
urine can usually be related to the excretion of 
body water and to a fall in the NPN concentration 
of the body fluids and does not represent an in- 
creased catabolism of protein* (Figure 10), The 
exact reverse of this effect may occur when treat- 
ment is stopped. Within two weeks after albumin 
therapy, an excess of nitrogen equivalent to the 
injected albumin is usually excreted or can be ac- 
counted for in the increasing volume and NPN 
concentration of the body fluids. These changes 
give an irregular appearance to the level of NPN 
excretion (Figures 9 and 10) which can be resolved 
into three phases: (a) increased renal excretion, 
(b) decreased renal excretion, (c) increase due 
to albumin catabolism. If the crude nitrogen bal- 
ance is corrected so as to eliminate changes in vol- 
ume and concentration of NPN and albumin in 
the body fluids, it is possible to visualize the stor- 
age and delayed catabolism of the albumin adminis- 
tered. Figure 10 shows the relative magnitude of 
these changes in a patient with good renal function 
and a moderate diuresis. 

8. Effects of loss of albumin in the urine. The 
loss of albumin in the urine during treatment varied 
considerably from patient to patient. In some 
cases, the greatest daily loss was less than 20% of 
the injected albumin, but in other cases, most or all 
of the albumin was wasted in the urine. One 
might assume that this variability in loss would be 
reflected in the increase of plasma protein and al- 
bumin concentration during treatment. It is evi- 
dent from the data in Figure 7 that variations in 

♦This artificial change in external nitrogen balance 
appears to be caused by the increased glomerular filtration 
rate and diuresis which usually occur on the first days 
of albumin therapy (2, 18). 
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proteinuria have little systematic effect on the 
increase in plasma protein concentration, and only 
a slightly more dependable effect on the increase in 
albumin concentration during albumin replace- 
ment. This poor correlation probably is simply 
another indication that dilution of the added pro- 
tein suppresses any large increase in concentra- 
tion unless diuresis occurs. When proteinuria is 
relatively small and when diuresis occurs during 
treatment, a much larger increase in albumin and/ 
or plasma protein concentration may follow (Fig- 
ure 7). 

The difference between the curves of total cir- 
culating protein in Figures 4 and 5 is probably the 
best indication of the effect of variation in pro- 
teinuria. In Figure 5, increasingly heavy pro- 
teinuria blocked further increase in total circulat- 
ing protein after two days of treatment. In Fig- 
ure 4, minimal loss from the plasma allowed cumu- 
lative increases in the total circulating protein on 
each day of treatment. Heavy proteinuria can 
thus greatly reduce the efficiency of albumin re- 
placement and presumably may reduce the prob- 
ability of a diuresis (Figure 7). 

DISCUSSION 

Concentrated human serum albumin has proved 
to be a useful therapeutic agent in five of our 13 
cases of the nephrotic syndrome treated for brief 
periods. The relief of edema, with or without ele- 
vation of the plasma protein concentration, was 
followed by a considerable physical and psycho- 
logical improvement. The effects of albumin on 
the blood proteins were temporary, but the reac- 
cumulation of edema could be prevented or de- 
layed by restriction of sodium intake. No funda- 
mental change in the course of the disease has been 
apparent after albumin therapy. In these and 
many other respects, our results confirm the stud- 
ies of Janeway (4, 5) and Thorn (6). 

Some of the experimental observations during 
treatment with albumin support certain current 
views of the pathologic physiolog)’ of the nephrotic 
syndrome. For example, the effect of increased 
colloid osmotic activity of the plasma on fluid ex- 
change at the capillaries was clearly demonstrated 
by tlic increased plasma volume after an injection 
of concentrated albumin. 

Heavy loss of protein in tlje urine was obviously 
a serious drain on the patient's circulating pro- 


tein. The loss of protein in the urine might not 
appear serious in the control periods, but when al- 
bumin was given intravenously, the increased 
plasma albumin concentration was reflected in an 
increased proteinuria. In general, heavy protein- 
uria during treatment occurred in patients who 
showed a very low plasma albumin concentration 
and/or a heavy proteinuria before treatment, indi- 
cating a high degree of renal permeability to al- 
bumin. In such patients, the loss of over half of 
the injected albumin in the urine greatly reduced 
the efficiency of plasma albumin replacement. In 
other patients with little albumin in the urine 
and a higher plasma albumin concentration before 
treatment, effective replacement of plasma albu- 
min could be achieved quite economically (Table 

I)- 

The large variation from patient to patient in 
urinary loss of protein seemed to have a surpris- 
ingly small effect on the effects of treatment. 
Patients with massive proteinuria showed in- 
creases in plasma protein concentration nearly as 
large as those shown by patients who lost only a 
small amount of the injected protein in the urine. 
The other routes of loss from the plasma ("tis- 
sues”) absorbed a fairly constant proportion of 
the injected protein. The variable fraction of al- 
bumin remaining in the plasma was apparently 
diluted to approximately the same concentration in 
nearly all cases. When diuresis occurred, how- 
ever, concentral'wn of the added protein could be 
achieved, and it was in this group of patients who 
lost their edema that the highest plasma protein 
concentrations were reached. These patients gen- 
erally retained much of the injected albumin, but 
some other patients failed to eliminate their edema 
even though they retained equally as much of the 
injected albumin. 

These findings do not support the concept that 
the edema of nephrosis is the simple consequence 
of a deficiency in albumin. It is necessary to dis- 
tinguish clearly between replacement of the albu- 
min deficit in grams of protein, and increasing the 
plasma protein concentration in grams per 100 cc. 
The albumin deficit can usually be made up by in- 
travenous administration of albumin. To increase 
the concentration of plasma albumin and jirotcin 
to normal is a much more difficult m.attcr if diuresis 
docs not occur. 
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in the presence of an excess of extracellular 
fluid, it seems difflcult to raise the plasma protein 
concentration, since fluid dilutes the added albu- 
min to a concentration approximating that of the 
original plasma. The administration of albumin 
thus increases the volume rather than the protein 
concentration of plasma. There are two obvious 
methods of increasing the plasma protein concen- 
tration under these circumstances. One solution 
is to remove the excess of extracellular fluid so as 
to permit the increase in osmotic pressure without 
excessive dilution of the blood, but this is not a 
simple matter if the kidneys fail to excrete the 
fluid. The other possible way to increase protein 
concentration is an apparent absurdity, the sub- 
stitution of an osmotically inactive protein. Albu- 
min may be osmotically ineffectual if its concen- 
tration increases equally in the plasma and in the 
interstitial fluid. This situation occurs in the as- 
cites of some patients with hepatic cirrhosis (7, 13, 
14) and in the edema fluid of patients with an un- 
usual form of idiopathic hypoproteinemia (7). 
What little evidence we have indicates that the pro- 
tein concentration of the edema fluid in nephrosis 
is too low to influence appreciably the effective col- 
loid osmotic pressure of the plasma proteins. The 
logical conclusion of this line of thought is that in- 
jected albumin can be concentrated in the plasma 
of an edematous patient with nephrosis only if an 
effective diuresis ensues. If a diuresis does not 
follow, an anomalous situation occurs, in which the 
total circulating protein approaches normal, but 
the protein concentration remains very low, while 
the plasma volume becomes abnormally large. 
This mobilization of fluid at the peripheral capil- 
laries without a corresponding diuresis throws the 
responsibility for the intractable edema directly on 
the kidney’s failure to eliminate the excess of fluid. 

The conjunction of plasma albumin depletion 
and of the retention of fluid is sufficiently common 
in nephrosis to justify the usual explanation of 
edema on the basis of hjq3oproteinemia. The ob- 
servant clinician, however, will note that major 
changes in edema may occur without comparable 
changes in plasma protein or albumin concentra- 
tion (15-17). We now have evidence suggesting 
that such changes in edema are due to variations 
in renal excretion of sodium and water, which are 
not explicable as a sequence of proteinuria, de- 
pletion of plasma albumin, lowered plasma colloid 


osmotic pressure, and escape of fluid from the 
capillaries (18, 19). Change in the volume of the 
plasma and interstitial fluids must be considered 
as an independent factor which is equally as im- 
portant as change in total circulating protein in 
determining the plasma protein concentration. 

The importance of sodium retention in the pro- 
duction of edema is emphasized by the greater di- 
uretic effect of salt-poor albumin (5, 6), suggested 
by the data in Table I. The sodium balance of 
these patients will be the subject of another re- 
port. It may suffice to say here that many pa- 
tients with nephrosis have great difficulty in ex- 
creting sodium in certain phases of their disease 
and that treatment with albumin may or may not 
have a large effect on the excretion of sodium. In 
an occasional patient, sodium restriction seems to 
be unimportant (see Case 2, Table I) during a 
brief course of treatment with albumin or during 
a spontaneous relief of edema. In most patients, 
however, it appears to be necessary to limit the in- 
take of sodium if albumin is to be used most ef- 
fectively as a diuretic. 

The questions of optimal dosage and duration of 
treatment with albumin were not examined in this 
study. Two relevant pieces of information may be 
noted, however. The very large increase in plasma 
volume, the increased venous pressure, and the 
dyspnea occurring in patients with vital capacity 
already reduced by effusions, all suggest that 
doses larger than 50-75 grams per day should be 
given with the greatest caution and abandoned at 
the first signs of cardiac or respiratory difficulty. 
The loss of efficiency of albumin replacement after 
the first two to four days of treatment suggests 
that if some improvement fails to occur within a 
few days, treatment with albumin is likely to prove 
a very slow, costly and inefficient diuretic. It 
would seem easier and safer to remove the fluid 
with Southey’s tubes if intensive or prolonged 
treatment with albumin appears likely to be risky 
or inefficient. The most important function of al-. 
bumin is to replace the deficit of plasma proteins. 
If this replacement does not result in diuresis, 
more efficient methods of disposing of the edema 
may be indicated. 

SUMMARY 

1. The administration of concentrated human 
serum albumin in dosage of 50 grams per day for 



CONCENTRATED HUMAN SERUM ALBUMIN IN NEPHROSIS 


711 


three to six days to patients with the nephrotic 
syndrome regularly results in a large increase of 
plasma volume and of total circulating protein. 

2. The proportion of albumin in the plasma is 
considerably increased. 

3. The plasma protein concentration is often 
not significantly increased, even though the total 
circulating protein is replaced to nearly normal 
levels, because of the great dilution of the blood by 
fluid mobilized from the tissues and not excreted 
in the urine. This result was observed in six of the 
13 patients. 

4. Five patients were essentially free of edema 
after four to six days’ treatment. These patients 
showed a larger average increase in concentration 
of plasma protein and albumin than patients with 
persistent edema showed, but there was a large 
individual variation. 

5. We have not observed a plasma protein or 
albumin concentration approaching normal levels 
without a preceding complete diuresis. Elimina- 
tion of the bulk of the protein-free edema fluid is 
apparently necessary before the serum protein 
concentration can be raised to normal levels. 

6. Diuresis can occur without an increase in 
plasma protein or albumin concentration greater 
than that observed with persistent edema. Small 
increases in the colloid osmotic pressure evi- 
dently suffice to mobilize a large amount of edema, 
promded that the kidneys excrete the mobilised 
fluid. 

7. The replacement of plasma albumin is hin- 
dered to a variable extent by the loss of albumin in 
the urine, which increases as the plasma albumin 
concentration is increased by successive days of 
treatment. When proteinuria is massive, the effi- 
ciency of protein replacement becomes very poor 
after the second or third day of treatment. We 
were unable to increase the plasma protein con- 
centration to a useful degree in any case with mas- 
sive proteinuria. Wffien proteinuria is slight, cumu- 
lative increase in total circulating proteins can be 
maintained for a longer period, and the likelihood 
of diuresis appears greater. 

S. The increase in plasma protein and albumin 
concentration after treatment with albumin is only 
slightly larger in patients with smaller amounts of 
proteinuria, since the protein retainctl in the plasma 
is diluted to ncarlj- the same extent as the protein 
originally present. When edema is eliminated, the 


concentration of proteins and albumin in the plasma 
may increase more strikingly. 

9. At the end of treatment, a fairly constant pro- 
portion of the administered albumin cannot be 
found in the urine or plasma. Some of this albu- 
min appears in effusions and edema fluid, when 
present, but another portion is probably stored in 
the cells of the body. At the end of two weeks, all 
of the nitrogen injected as albumin can be ac- 
counted for as excess albumin and non-protein ni- 
trogen in the urine. 

CONCLUSIONS 

1. Concentrated human serum albumin is an ef- 
fective therapeutic agent for the temporary re- 
placement of the deficit of circulating albumin in 
the nephrotic syndrome. 

2. The efficiency of replacement is obviously 
reduced in patients with massive proteinuria. 

3. It seems very difficult to increase the plasma 
protein concentration in the presence of an excess 
of edema fluid of low protein content because of 
the great dilution of added protein. 

4. It is suggested that removal of edema may be 
a necessary step in increasing the plasma protein 
concentration, as well as vice versa. 

5. Both the edema and hypoproteinemia of the 
nephrotic syndrome are aggravated by the failure 
of the kidney to excrete excess fluid, and are there- 
fore not necessarily corrected by replacement of 
plasma albumin deficit. 
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While evidence has been presented in preceding 
publications of this series that the hyaluronidase 
inhibiting property of blood serum is increased in 
infectious diseases of both bacterial and viral origin 
(1-4) and in cancer (5), changes that accompany 
certain normal physiological states have not been 
investigated. 

It is well known that hyaluronidase plays an im- 
portant role in fertilization by enabling the sperm 
to disperse the follicle cells surrounding the ovum 
(6-8), and that normal serum can inhibit this ef- 
fect (9). Another aspect of particular interest in 
the light of the finding of Wattenberg and Click 
(10) that certain of the steroid hormones inhibit 
the activity of hyaluronidase in vitro, would be al- 
terations in the serum inhibitory level accompany- 
ing hormonal changes. Dorfman (11) has stated 
that men of reproductive age have a significantly 
lower range of hyaluronidase inhibitor levels than 
a comparable group of women. 

Since hyaluronidase plays an important role in 
the invasion of the animal host by various toxic 
and infectious agents (12), the possibility that the 
serum inhibitor has a protective function should 
be kept in mind. Rosahn ct al., (13) reported that 
pregnant rabbits were more resistant to vaccinia 
infection than the non-pregnant, and Aycock (14) 
claimed that castrated monkeys were less sus- 
ceptible to poliomyelitis infection after the adminis- 
tration of estrogenic hormone. Sprunt, McDear- 
man, and Raper (15-16) demonstrated that pseu- 
dopregnancy or the administration of estrogenic 
substances resulted in inhibition of the spreading 
of India ink in the rabbit skin. 

From the foregoing it would appear that the 
scrum inhibitor might have an effect on fertiliza- 
tion, and the female sex hormones might possibly 
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influence resistance to infection through their af- 
fect on the hyaluronidase inhibitor. In order to 
gain some information relative to these points, as 
well as to observe changes with respect to certain 
normal physiological states, the present investiga- 
tion was concerned with the variations that occur 
in the level of the hyaluronidase inhibitor in the 
blood sera of women during the menstrual cycle 
and pregnancy. 

EXPERIMENTAL 

Materials and Methods. The details of the preparation 
of the materials, the viscosimetric assay method used, and 
the calculation of results followed the recently described 
modifications (10) of the original procedure and mode of 
expressing inhibition (1). The hyaluronidase was pre- 
pared from bovine testicle and the hyaluronic acid from 
human umbilical cord. Hyaluronidase inhibition was ex- 
pressed as the per cent inhibition effected by 0.02 ml. of 
blood serum under the conditions employed. The per 

cent inhibition was defined as where (Ro) 

is the time required to reduce the viscosity of the reaction 
mixture to one-half its original value, and (R) is the 
time required to reduce the initial viscosity to one-half 
after incubation of the O.S ml. of enzyme solution with 
0.02 ml. of serum and 1.48 ml. of water for 10 minutes 
at 37.5® C. Because the inhibitor loses activity rapidly 
on standing at room temperature, it is important that the 
collection of samples be as uniform as possible. The 
blood was collected in clean tubes, allowed to clot, centri- 
fuged, and the serum removed and immediately frozen. 
To eliminate differences in various batches of enzyme and 
substrate, all scrum samples were stored at —20® C. 
until the collections were complete for a given experi- 
ment. All of the samples were then assayed the same 
day using the same enzyme and substrate preparations. 

RESULTS 

For the menstrual study, 10 healthy, regularly 
menstruating, unmarried women ranging in age 
from 22-28 were chosen as subjects. Since other 
diseases can influence the inhibitor values, any 
subject who developed a “cold," “gastrointestinal" 
upset, or any other disability w.as drop^>cd from 
the study. The results of experiments on ciglit 
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Fig. 1. Per Cent Inhibition of Hyaluronidase by Human Blood Serum During the 

Menstrual Cycle 

Horizontal lines indicate menstrual periods. 


individuals who completed the study are shown in 
Figure 1. The highest values are found during or 
immediately after actual menstruation although 
the magnitude of the changes was subject to great 
individual variation. 

In the pregnancy study the blood samples were 


not collected from the same individual over the en- 
tire period of gestation. However, sera from 
groups of 10 women from each trimester of preg- 
nancy were assayed and it was found that, al- 
though the inhibitor values increased somewhat 
during the latter period of gestation, the differ- 






MUCOLYTIC ENZYME SYSTEMS, Vlll 


715 


fences were not statistically significant. Since the 
more dramatic changes in the inhibitor level were 
found to take place just before and during de- 
livery, studies on 16 uncomplicated pregnancies 
were carried out beginning about a week before 
the expected date of confinement and continuing 
for about 10 days post-partum. The data of six 
representative cases are shown in Figure 2. It 
is clear from the curves that there is a consistent 
and significant rise in the per cent inhibition, which 
reaches a peak in from two to five days post-par- 
tum and is almost back to the pre-partum level by 
the 10th day. The rise can be detected in some 
cases as early as two hours after delivery. The 
temperature curves, which contain the highest re- 
corded temperature for each 12-hour period, show 
that this elevation is not consistently paralleled by 
a rise in body temperature. 

DISCUSSION 

Although no abrupt change in the level of the 
hyaluronidase inhibitor was observed during, or 
soon after, the expected times of ovulation, in some 
of the cases the lowest values did occur during the 
middle of the cycle. However, the significance of 
this change is in doubt since its magnitude was 
negligible in some of the women. Further doubt 
of a correlation between inhibitor levels and sex 
hormonal changes follows from a consideration of 
the fact that no appreciable inhibitor changes were 
observ'ed during the course of pregnancy. The 
point deserving major emphasis is the unequivo- 
cal post-partum rise in the level of the serum in- 
hibitor. The significance of this observation is 
not clear at present. There may be a common 
factor, such as tissue destruction, in the variations 
of inhibitor noted in this investigation and the in- 
crease reported for infection and cancer. This pos- 
sibility is being pursued further. 

SUMMARY 

Studies were carried out on the inhibitory' effect 
of blood sera from 10 normal women during vari- 
ous phases of the menstrual cycle, and from 16 
women with uncomplicated pregnancies before, 
during, and after delivery. 

It was found that the highest inhibitor levels 
tended to occur during menstruation, although the 
individual rariation in this deration was great. 
The data do not permit of a correlation with sex 
homronal changes. 


No significant change was found during preg- 
nancy or labor. A marked post-partum rise was 
observed which reached its maximum from the 
second to fifth days after delivery. 
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Current emphasis on the use of proteins in the 
treatment of various disorders of the alimentary- 
tract has stimulated a comparative study of certain 
aspects of protein metabolism in normal persons 
and in patients with gastro-intestinal disease. In 
addition to the usual nitrogen balances, microbio- 
logical assays were made of eight amino acids in 
food, acid-hydrolyzed whole plasma, tungstic acid 
filtrates of plasma (free amino acids), acid-hydro- 
lyzed tungstic acid filtrates of plasma (free plus 
combined amino acids), hydrolyzed urine, and 
in feces. The amino acids measured were methi- 
onine, lysine, arginine, histidine, leucine, isoleu- 
cine, valine and threonine. The present paper 
deals with individual amino acid levels in the 
food, plasma, and urine of two normal adult men 
fed isocaloric diets of differing protein content. 
The data indicate that the fasting levels of amino 
acids in plasma are relatively constant, and that 
the excretion of amino acids in the urine does 
not fluctuate significantly despite considerable 
variation in amino acid intake. 

METHOD OF STUDY 

A. Subjects 

Two healtiiy young men were studied in the metabolism 
section of Billings Hospital, In addition to the standard 
laboratory procedures, normal results were obtained for 
the following; (o) urea clearance test of renal function 
(1); (b) oral glucose tolerance; (c) hepatic function 
(2-9); (d) carbon dioxide ([10] p. 283), pH ([10] p. 
796) and chloride ([10] p. 835), calcium (11), and 
phosphorus (12) content of serum: (e) plasma proteins 
(13) : and (/) gastric secretion (14) (0.1 mg. histamine 
diphosphate per 10 kg. body weight). 

Subject 1, J. D.; initial weight was 70 kg., height 
175 cm. The basal metabolic rate, measured by the 
Bcncdict-Roth apparatus and calculated according to the 
standards of Boothby and Berkson, was -f 4; the basal 
calories were estimated as 1880. 

^This study was supported in part by grants from the 
Evaporated Milk .-\ssociation and .American Dairy Asso- 
ciation. 


Stibjecl 2, R. G. H.; initial aveight was 84 kg., height 
187 cm. The basal metabolic rate was 0; basal calories 
were estimated as 1990. The blood and plasma volumes 
were measured by the Gibson-Evans method (IS) at fre- 
quent intervals in this subject; the values were relatively 
constant, averaging 6198 and 2720 cc., respectively. 

B. Diet 

Normal activity was permitted. Fluids were allowed 
ad libitum, but the fluid intake and urine output were 
measured daily. The only medication consisted of a 
liquid vitamin B preparation given daily. Though the 
quantity of protein was varied, the caloric intake was kept 
uniform by adjustment of the carbohydrate and fat con- 
tent of the diet. The number of calories was determined 
on the basis of the basal metabolic rate of each subject, 
with additional allowances for his usual activity. In 
Subject 1, the intake of calories was 3200, the carbo- 
hydrate ranging in the various periods from 403 to 477 
gms. and the fat from 110 to 154 gms. In Subject 2, 
the intake of calories was 3190, the carbohydrate ranging 
from 415 to 475 gms. and the fat from 103 to 131 gms. 
Two to 4.0 gms. of table salt were added to the food 
each day. Crystalline methionine was added in periods 
9 and 10 ; in all other periods the quantity of individual 
amino acids was varied by changes either in the amount 
or type of protein. Following a transitional interval of 
three days, each regimen was studied for two consecutive 
six-day periods. 

C. Preparation and Analysis of Food, Plasma and Urine 

The food was prepared in the kitchen of the metabolism 
section by dietitians trained in the problems of metabolic 
research. The food was weighed on a torsion balance 
before cooking ; salt was the only seasoning ; meats were 
broiled. The quality and quantity of the food were kept 
uniform throughout each regimen. 

For analysis, a 30 to 40 per cent aliquot of a one-day 
supply of food (excepting pure carbohydrate and fat) 
was homogenized with distilled water in a Waring blendor. 
A second aliquot of the same diet was prepared and 
analyzed approximately one week later; the results of 
both measurements were averaged. 

At the end of each six-day period, following a 10-hour 
o\ernight fast, 100 ml. of venous blood were drawn, 
transferred to a screw-capped bottle containing 15 to 30 
mg. of heparin, and mixed thoroughly. The blood was 
centrifuged and the plasma removed immediately. One- 
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ml. samples were taken for the measurement of total 
nitrogen and for the assay of amino' acids in acid- 
hydrolyzed whole plasma. Forty-ml. samples were used 
for the preparation of tungstic acid filtrates, as described 
by Hier and Bergeim (16). Aliquots of the tungstic 
acid filtrates were hydrolyzed with hydrochloric acid and 
assayed for total non-precipitable amino acids. 

The urine was voided directly into glass containers 
and stored under toluene at ice box temperature (3-5° C.). 
The total six-day collection was combined and aliquots 
were taken for various analyses. Urea was measured by 
the urease method (17), free ammonia by the procedure 
described in Peters and Van Slyke (10) and the pH of 
the urine by the glass electrode method. 

The total nitrogen of the food, plasma and urine was 
determined by a semi-micro-Kjeldahl technique, utilizing 
the Pregl-Parnas-Wagner apparatus and the digestion 
mixture of Campbell and Hanna (13). Amino acid as- 
says were carried out by the microbiological method, as 
described elsewhere (18, 19). Recovery of measured 
amounts of pure amino acids added to the urine before 
acid hydrolysis ranged from 90 to 110 per cent. The 
validity of the microbiological procedures used in these 
studies has been confirmed by Toennies and Gallant (20). 
Leucine, isoleucine, arginine, histidine, valine and threo- 
nine were measured with Streptococcus fccalis; methio- 
nine and lysine with Leuconostoc meseuteroides P-60 as 
the assay organism. 


RESULTS 

The body weights of both subjects did not 
change significantly throughout the study. The 
total plasma proteins and the albumin-globulin 
ratios remained normal. The data for amino acids 
are presented in Tables lA and B. A change in 
concentration was considered significant if it ex- 
ceeded the standard deviation ^ by two or more 
times. 

Individual Amino Acids hi Whole Plasma 

The fluctuations in the methionine content of 
whole plasma in both subjects paralleled the vary- 
ing intakes of this amino acid in food. For the 
seven other amino acids, there was no direct cor- 
relation between the quantities ingested and the 
plasma levels. The addition of crj-^stalline DL- 
methionine to a diet adequate in this amino acid 

2 Standard deviation derived from expression: 

s,D.. . iMJa 

» — 1 

S.D. = standard deviation; M.D. = mean deviation; ii = 
number of values measured. 


TABLE I-A 

Intake in food, excretion in urine and fasting normal plasma levels of individual a}nino acids in two normal men 
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(a) 6.0 gms. crystalline DL-mclhioninc added in periods 9 and 10, supplementing diet of periods 7 and f. 

(b) All values arc averages of data for two successive six-day periods. 

fbe apparently lower values for total non-prccipi tabic m.ethionine as compared with free amino acid value' 
are due to the c.xpcrimcntal error inherent in the microbiological mctl'.od. 

(d) The term “Total non-protein amino acids” should read “Tctal non-precipitable am.ina acids." 
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TABLE I-B 


Intake in jood, excretion in urine and fasting normal plasma levels of individual amino acids in two normal men 
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(See footnotes under Table I-A.) 


was accompanied only by a slight rise in the total 
methionine content of plasma in both subjects. 

Individual Free Amino Acids in Plasma 
The free amino acid content of plasma fluctuated 
slightly but did not parallel the varying intakes. 
Free methionine and free lysine increased mini- 
mally in both individuals after the addition of crys- 
talline methionine to the diet; the concentrations 
of the other six amino acids did not vary signifi- 
cantly. 

Combined Non-P red pit able Amino Acids in 
Plasma 

Seven of the eight amino acids were consistently 
present, to some extent, in a non-precipitable 
“bound” form, i.e., not precipitated with tungstic 
acid, yet not available to the assay organisms for 
growth. Non-precipitable combined methionine 
was found only in minute quantities or was totally 
absent. The combined non-precipitable amino 
acids in plasma varied in a random manner in 
both subjects. The addition of cry^stalline methio- 
nine was accompanied by slight increases in the 
levels of methionine and lysine only. 

Amino Acid Output in Urine 

The output of amino acids in the urine, as de- 
termined microbiologically, was very small (Tables 


I A and B). The pattern of relative rates of ex- 
cretion for the various amino acids was not di- 
rectly related to the amounts taken in the food. 
Thus, the outputs of leucine and arginine were sim- 
ilar, although the intake of arginine was much 
smaller. The excretion of threonine exceeded 
that of valine although its intake was less. Histi- 
dine was excreted proportionately in far greater 
quantities than the other amino acids, averaging for 
the two subjects approximately 13 per cent of the 
intake. There appeared to be no correlation be- 
tween the quantities of amino acids in the urine 
and the volume of urine or the output of urea ni- 
trogen. 

The fluctuations in excretion of histidine and 
threonine apparently paralleled the varying intakes. 
However, the outputs of methionine (periods 1-8), 
lysine, arginine, leucine, isoleucine and valine re- 
mained relatively constant. The quantity of meth- 
ionine in the urine increased when 1.0 gm. of 
crystalline DL-methionine was added daily to a 
diet containing adequate amounts of this amino 
acid , however, the increment approximated only 
0.5 per cent of the added methionine in J. D. and 
0.7 per cent in R. G. H. The excretion of the other 
amino acids did not change significantly during the 
periods of methionine supplementation. 

Subject 1 remained in approximate nitrogen 
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balance, and Subject 2, in positive nitrogen balance 
throughout the study (Table II). Retention of 
nitrogen increased markedly during periods 5 and 
6, when the intake of protein was increased. The 
excretion of urea nitrogen, as expected, paralleled 
the quantity of nitrogen ingested. The small 
changes in output of free ammonia nitrogen did 
not appear significant. ' 

Effect of Low Intake of Amino Acids 

The effect of a markedly reduced intake of amino 
acids was investigated in Subject 2 during two ad- 
ditional periods, not included in the tables. In 
(ffi) the source of protein was a solution of pep- 
tone treated with 3 per cent hydrogen peroxide; 
the quantity of methionine ingested during the six- 
day period was decreased to 2.3 gms. In (6) the 
peptone solution was treated with 30 per cent hy- 
drogen peroxide, the total intake of methionine be- 
ing further reduced to 0.90 gm. In both periods, 
1.25 gms. each of DL-tryptophane, L-tryosine, and 
L-cystine were added daily to compensate for the 
destruction of these amino acids by the peroxide. 
No effort was made to maintain the other amino 
acids at their original levels. The reduction in the 
intake of methionine in period (6) to 7.4 per cent 
of the subject’s previous average intake was not 


accompanied by a significant reduction in the 
methionine content of hydrolyzed whole plasma; 
however, the levels of free methionine decreased 
markedly. Although the intakes of the remaining 
amino acids, with the exception of arginine, also 
were considerably lower than in any of the pre- 
vious periods, the concentrations of these seven 
amino acids in whole plasma likewise did not 
change. However, free lysine, histidine, leucine, 
isoleucine, valine and threonine decreased signifi- 
cantly; the concentration of free arginine did not 
vary. The combined non-precipitable levels in 
plasma did not diminish during the administration 
of the peptone diet. Supplementation of this regi- 
men with 1 .0 gm. of DL-methionine daily was not 
accompanied by significant changes in the concen- 
trations of the eight amino acids in hydrolyzed 
whole plasma, or in the free amino acid levels. 
Non-precipitable combined methionine, lysine, ar- 
ginine, and threonine increased slightly. The six- 
day output of methionine in the urine decreased 
from 0.108 gm. in period (a) to 0.04 gm. in period 
(&) ; the latter value, however, was smaller by 
only 27 per cent than the values obtained during 
the ingestion of much larger amounts of methio- 
nine. Of particular interest, perhaps, was the’ 
increased excretion of lysine, leucine, isoleucine. 


TABLE II 

Nitrogm balances and excretion of urea and free ammonia nitrogen in subjects J. D. and R. G. H. 
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0.56 gm. N in periods 9 and 10 in form of added crj’stallinc methionine. 
.All \-aIues arc averages of data for two successive six-day periods. 
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valine and threonine, the intakes of which had 
been reduced markedly. The output of arginine 
also rose although the quantity ingested was un- 
changed, The excretion of histidine diminished 
by 24 per cent, whereas the intake had been low- 
ered by 84 per cent. During the same period (b) 
the output of urea nitrogen increased and the 
nitrogen balance became distinctly negative. 


Plasma 


COMMENT 


The microbiological values in whole plasma for 
the eight amino acids are, with the exception of 
leucine, within the range listed for serum proteins 
by Block and Bolling (21). The data for leucine 
reported by the latter investigators were obtained 
by the oxidative method of Fromegat which, ac- 
cording to Hier et al. (22), yields values higher 
than are obtained by microbiological assay. The 
fasting whole plasma level of methionine averaged 
approximately 0.64 mg. per cent as compared with 
0.73 mg. per cent, noted by Kinsell and his associ- 
ates (23). The present data for free amino acids 
in plasma agree with the findings of Hier and 
Bergeim (24) in a group of 33 normal persons, 
and with the results for valine and histidine re- 
ported by Ackermann et al (25). The individual 
amino acid values for the two subjects of this study 
were similar. 

The whole plasma levels of lysine, arginine, histi- 
dine, leucine, isoleucine, valine and threonine did 
not fluctuate significantly although varying 
amounts were ingested. However, the methionine 
content of whole plasma apparently paralleled the 
varying intakes of this amino acid. Non-precip- 
itable methionine accounted for only a minute 
fraction of these changes. Assuming that the con- 
stituent amino acid composition of plasma proteins 
remains constant, it may be postulated that a por- 
tion of methionine in plasma is attached to the sur- 
face of plasma proteins, is precipitable with the 
proteins by tungstic acid, yet does not constitute 
an integral component of the protein molecule. 
The concept of serum protein complexes has been 
discussed by various investigators (26—29). How- 
ever, more data obviously are necessary to deter- 
mine the significance of the fluctuations observed 
with mctliioninc and to establish the validity of 
this h\-pothesis. 

The effect of increased ingestion of one amino 
acid upon the individual levels of other amino acids 


in the blood has been studied only occasionally, 
Hier (30) found that higher concentrations of 
free leucine, isoleucine and methionine in the 
blood of dogs, produced by feeding large amounts 
of the respective amino acids, were accompanied 
by decreases in the levels of certain other amino 
acids. However, the elevation in methionine was 
associated with a rise in the concentration of lysine. 
In the present study also, the increase in methi- 
onine, produced by the addition of crystalline DL- 
methionine to the diet, was accompanied by slight 
rises in the levels of free and combined non-pre- 
cipitable lysine. The averaged data do not indicate 
the magnitude of the increase which resulted dur- 
ing the second period of methionine supplementa- 
tion; the significance of these changes, however, 
remains to be determined. 

Urine 

The microbiological values obtained for total 
methionine, lysine, arginine, histidine, leucine, iso- 
leucine, valine and threonine in the urine are 
within the ranges reported by Dunn and his as- 
sociates (31), Woodson et al. (32), and by Eck- 
hardt and Davidson (33). 

Amino acid excretion was extremely small and 
relatively constant in relation to the amounts in- 
gested. Eckhardt and Davidson similarly found 
no significant change in the quantity of amino 
acids excreted by a normal subject given varying 
amounts of protein. Although the output of methi- 
onine increased when the diet was supplemented 
daily by 1.0 gm. of the crystalline DL form, the 
increment for both subjects averaged only 0.6 per 
cent of the added methionine. Harper, Kinsell and 
Barton (34) noted a low output of methionine fol- 
lowing its intravenous administration. Similar 
observations have been made by other investigators 
with respect to amino acid nitrogen (35). 

It is to be noted that the number of calories was 
maintained at a constant level by adjustment of 
the carbohydrate and fat content of the diet. The 
data of Woodson et al. (32) have been interpreted 
as indicating that the caloric intake does not in- 
fluence significant!}' the excretion of amino acids. 
However, this point has not been established con- 
clusively, in our opinion. Until additional evidence 
is obtained, it would appear desirable, in studies 
of amino acid excretion, to control the caloric con- 
tent of the diet. Preliminary experiments in our 
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laboratory suggest that the caloric intake may play 
a role in the urinary excretion of amino acids. 

A small percentage of the amino acids in urine, 
as measured in this study, may have been derived 
from protein-like materials; Hanke (36) has re- 
ported the presence of a crystalline albumose in 
normal human urine which was excreted at a rate 
of approximately SO mg. per day. Analysis of the 
amino acid composition of a sample of this ma- 
terial indicates, however, that less than 20 per 
cent of the total amino acids in urine may have been 
present in this form. 

The increased excretion of amino acids in the 
urine of Subject 2 during the administration of an 
oxidized solution of peptone is of considerable in- 
terest, The oxidation obviously not only reduced 
the amino acid content, but also apparently dis- 
turbed the proper proportions of amino acids ; the 
possible development of a toxic factor cannot be 
excluded. In this connection, Sauerblich, Pearce 
and Baumann (37) noted a higher excretion of 
“free” amino acids in the urine of mice fed diets 
containing protein of low biological value than 
among mice given proteins of ordinary or high 
biological value. 

Both subjects remained in approximate nitrogen 
balance even when fed a moderately low protein 
diet. Nevertheless, nitrogen retention rose mark- 
edly when the intake of protein was increased. 
This finding suggests, perhaps, that measurements 
of nitrogen balance alone, at least for short periods 
of time, may not reveal minimally inadequate in- 
takes of protein. 

SUMMARY AND CONCLUSIONS 

1. The amino acids methionine, lysine, arginine, 
histidine, leucine, isoleucine, valine and threonine 
were measured microbiologically in the food, 
plasma and urine of two normal adult men fed a 
variety of diets. In plasma, analyses were per- 
formed on acid-h3-drolyzed whole plasma, tungstic 
acid filtrates (free amino acids), and on acid- 
hydroh’zed tungstic acid filtrates (free plus com- 
bined non-prccipitable amino acids). 

2. The fasting amino acid content of plasma, in 
general, did not fluctuate significanth’ despite 
considerable A’ariation in the quantitj' of amino 
acids ingested in the food. Parallel fluctuations in 
the pla.sina levebs and the amino acid intakes were 
ob.sen'cd in both subjects only for total methionine. 


3. The output of amino acids in the urine was 
small, averaging 2.5 per cent of the intake. The 
pattern of relative rates of excretion for the various 
amino acids was not directly correlated with the 
respective individual amounts taken in the food. 

4. Excretion of six of the eight amino acids was 
relatively constant despite considerable variations 
in intake. The outputs of histidine and threonine 
fluctuated slightly in relation to the varying intakes, 

5. The addition of crystalline DL-methionine to 
a diet adequate in this amino acid was accompanied 
by increases in the whole plasma levels of methi- 
onine and of free and combined non-precipitable 
methionine and lysine. The urinary output of 
methionitle increased slightly ; no significant 
changes occurred in the excretion of the other 
amino acids. 

6. In one subject the oral administration of a 
peptone solution treated with hydrogen peroxide 
and containing markedly reduced quantities of 
methionine, lysine, histidine, leucine, isoleucine, 
valine and threonine, was accompanied by definite 
decreases in the free levels of these amino acids. 
During the same periods, the amino acid outputs 
in the urine increased considerably. 
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Fatty infiltration and cirrhosis of the liver can 
be produced experimentally in animals by de- 
fective diets, and can be prevented or cured by sup- 
plements of protein or lipotropes (1-10). Clinical 
observations suggest that dietary deficiency may 
also play a role in the pathogenesis of Laennec’s 
cirrhosis in man (11), and a number of investi- 
gators have reported that dietary supplements of 
protein, vitamins and lipotropes affect the course 
of the disease favorably (11-18). 

While it is generally agreed that these dietary 
supplements are of therapeutic value in human cir- 
rhosis, it is still not known whether all are essential, 
whether their effects are due to a specific action 
on the liver, or to a more general one on the associ- 
ated malnutrition, and whether the results of treat- 
ment are influenced by non-dietary factors. The 
difficulty in obtaining suitable controls, and the 
tendency to use multiple therapeutic measures si- 
multaneously have delayed the solution of these 
problems. 

The results of dietary therapy in cirrhosis are 
usually evaluated in one of two ways. In the 
first, longevity statistics are used as the criterion 
for comparing treated and untreated groups, the 
latter having usually been observed some years 
previously (11, 15, 16). In the other, the effects 
of various dietary measures are compared either 
in the same patient or in small groups, using serial 
clinical, functional and, in some instances, histologi- 
cal obsen’ations as the basis for comparison (13, 
14, 17, IS). There arc valid objections to both 
methods, but serial obserx-ations during alternating 

’ Supported by a grant from tlic \’'cfcrans .Administra- 
tion. 
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opinions cxprc.sscs! or conclusions drawn by the author. 


courses of therapy in the same subject appear to 
offer the most practical means for conducting ex- 
periments under controlled conditions. 

The natural history of Laennec’s cirrhosis and 
its clinical and morphological manifestations are 
so variable that observations based on small groups 
are difficult to interpret, even when the rigid cri- 
teria of Volwiler (18) are met. Longevity statis- 
tics are even more difficult to analyze, especially 
when the controls have been observed some years 
before the experimental subjects. The difficulty 
in obtaining complete and reliable follow-up data 
in a large series, the relatively high mortality from 
unrelated diseases and the changing outlook in the 
treatment of the two most common serious compli- 
cations, hemorrhage and infection, are some of the 
factors which distort the results. The importance 
of the experimental method and the type of control 
employed is well illustrated by the conflicting re- 
ports of Patek and Post (11) and Wade (19) on 
the effects of dietary therapy in cirrhosis, and of 
Volwiler (18) and Beams (14) on the effects of 
lipotropic substances. 

Alcohol withdrawal and bed-rest are often fac- 
tors in therapeutic experiments in cirrhosis, but 
are seldom taken into account in evaluating the re- 
sults. The position of alcohol in the pathogenesis 
of Laennec’s cirrhosis is still uncertain. Alcohol- 
ism is now generally regarded as an important 
factor conditioning malnutrition, but is not thought 
to have any more direct effect on the liver (11, 18), 
While there is no good evidence that alcohol acts 
directly as an hepatotoxin, several experiments 
suggest that it can play a role in the production of 
cirrhosis independent of its effects on foorl int.ike 
( 20 ). 

Tlie importance of }x^d-rc5t has }>ecn strcssei'l 
in infectious hepatitis (21). and may well l>e of 

23 
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significance in the treatment of Laennec’s cirrhosis 
(18). 

During the past year we have been investigating 
the eflrects of dietary supplements of choline and 
protein in the treatment of Laennec’s cirrhosis. 
As a preliminary each subject has been ' observed 
during a control period of three to seven weeks 
under conditions of complete bed-rest, alcohol with- 
drawal and a basic diet. Such striking changes 
have occurred during this period that the original 
experiments designed to test the efficacy of dietary 
supplements have had to be revised and then de- 
layed. The following is a report on the clinical, 
functional and histological changes observed dur- 
ing the control period in 14 subjects. 

MATERIAL AND METHODS 

The 14 subjects chosen for investigation were routine 
admissions to the wards of the New Haven Hospital and 
the Newington Veterans Hospital. With one exception 
all had moderate to advanced Laennec’s cirrhosis and 


were admitted because of symptoms referable to it 
(Table I, Figure 1). Case 9v had a severe fatty infiltra- 
tion of the liver without fibrosis and was admitted because 
of a small hemoptysis secondary to bronchiectasis. This 
patient was included in the series on the assumption that 
fatty infiltration of this type represents an early stage 
of Laennec’s cirrhosis (22). 

There was no selection of cases, all proved cases of 
Laennec’s cirrhosis admitted to the wards of both hos- 
pitals being included in the study, provided they were 
able to stay in the hospital for a minimum of three weeks, 
were able to take food by mouth, and had not received 
intensive treatment before admission. All treatment prior 
to the beginning of the control period is indicated in 
Table 11. 

Each of the subjects had the liver function tests out- 
lined below at one- or two-week intervals, and a liver 
biopsy by Vim-Silverman needle at the beginning and 
end of each experimental period. The two biopsy sites 
were never more than a centimeter apart. The site chosen 
depended on the size and position of the liver, and was 
epigastric in Cases 1, 2v, 3, 4, 6, 8v, 9v, llv and 12, 
right subcostal in Cases Sv, 7v and 13v, and right inter- 
costal in Cases 10 and 14, 


TABLE I 


Summary of findings on admission to hospital 


Case No. 

1 

2v 

3 

4 

5v 

6 

7v 

8v 

9v 

10 

llv 

12 

13v 

14 

Age, years 

36 

40 

53 

42 

35 

64 

43 

36 

40 

65 

55 

48 

35 

48 

Sex 

M 

M 

F 

F 

|M 

M 

M 

M 1 

M 

F 

M 

M 

M 

M 

Alcoholism 

3-t- 

3-f 

?l-f 

2-f 

|3-f 

2-f 

1 2-}- 

2-f 

3-f 

0 

3-f 

3-f 

2-f 

3-f 

Inadequate diet 

Symptoms, duration 

2-f 

2-f 

2-f 

2-f 

0 

0 

0 

0 

2-f 

0 

2-f 

3-f 

3-f 

3-f 

jaundice 

8d. 

?d. 

0 

0 

0 

Im, 

? 

4d. 1 

0 

2d. ' 

Iw. 

0 

Im. 

0 

ascites 

lOd. 

2w. 

lOw. 

3|m. 

2w. 

0 

! 12d. 

4d. 

0 

Im. 

4d. 

0 

0 

9w. 

edema 

0 

?d. 

? 

liy- 

2m. 

2m. 

12d. 

0 

0 1 

0 

0 1 

3w. 

4d. 

4w. 

dyspnea 

0 

?d. 

lOw. 

2w. 

0 

ly. 

0 

0 

0 1 

Im. 

4d. ' 

0 

1 TT). 

0 

dyspepsia and anorexia 

0 

0 

lOw. 

2w. 

2w. 

3m. 

?m. 

Im. 

3m. 

Im, 

3w. 

2m. 

4m- 

9w. 

hematemesis 

0 

0 

0 

0 

lOd. 

0 

0 

0 

0 1 

0 

?4m. 

0 

0 

0 

diarrhea 

8d. 

?m. 

lOw. 

3^m. 

3w. 

2m. 


Im. 

0 i 

0 

0 ) 

0 


0 

wt. loss, lbs. 

37 

? 

14 

14 

8 

30 

8 

? 

0 1 

? 

? { 

17 

33 

? 

duration 

Physical findings, saicrily 

?y. 

? 

lOw. 

1 

ly. 

2w. 

3m. 

2y. 

Im. 


Im. 

4m. 

2m. 

4m. 

? 

malnutrition 

0 

3-f 

2-f 

2-f 

0 

0 

1-f 

2-f 

0 

0 

2-f 

3-f 

3-f 

3-f 

jaundice 

2-f 

1 + 

0 

0 

1-f 

l.-f 

1-f 

1-f 

0 

1-f ! 

3-f 

0 

1-f 

0 

ascites 

1-f 

3-f 

2-f 


1-f 

0 

2-f 

2-f 

0 

2-f 

?l-f 

0 

0 

3-f 

edema 

0 

3-f 

1-f 

0 

0 1 

1-f 

1 + 

1-f 1 

0 1 

0 

0 i 

2-f 

2-f 

2-f 

pleural effusion 

0 

2-f 

1-f 

0 

0 

0 

1-f 

1-f 

0 

1-f- 

0 

0 

0 

0 

spider nevi 
liver 

1-f 

1-f 

1-f 

1-f 

0 

i 

0 

3-f 

1-f 

0 

1-f 

0 

0 

0 

1 

3-f 

1 

hepatomegaly 

5f 

2f 

3f 

5f 

8f 

7f 

5f 

3f 

4f 

0 

5f 

4f 

4f 

0 

induration 

3-f 

2-f 

2-f 

2-f 

2-f 

2-f 

2-f 

2-f 

0 


2-f 

2-f 

2-f 

1-f 

0 


splenomegaly 

1-h 

0 

0 

1-f 

0 

0 

0 

0 

0 

2-f 

0 

0 

0 

venous collaterals 

2-f 

1-f 

1-f 

2-f 

1-f i 

2-f 

0 

2-f 

0 

2-f 

I 2-f 

I 0 

1-f 

csoph. varices (x-ray) 

-f 

0 

— 

0 

0 

0 

0 

+ 

0 

0 

'o 



0 

fever (max.) 

0 

101.5 

101 

0 

100 i 

102 

100.5 

100.8 

0 

102 

100 

0 

100 

101.4 

Complications 

0 

a. 

b. 

C. 

0 

0 

0 

0 

i 

d. 

1 

e. 

0 

/. 

g. 

h. 


female; d. = days, w. = weeks, 


Symbols: 0 = absent, I-f = mild, 2-f = moderate, 3-f- = severe; M = male, F 
m. = months, y. = years; f = fingers breadth below right costal margin’ 

Complications: o. = mild i^ripheral neuritis, mild ulcerative colitis; h. mild glossitis; c. asthma; d. bronchiectasis 
and small hemoptysis (cause of admission); e. pentomtis, RLQ abscess drained 2 mos. later, source not deter- 
mined;/. mdd glossitis and painful legs, no signs of neuritis; g. mild peripheral neuritis- marked cheilosis 
glossitis, unilateral gynecomastia. ’ cnenobis. 
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NUMBER OF SUBJECTS 


Sex 

Alcoholism 

Inadequate diet — 
Symptoms 

Loss of weight ■ 
Dyspepsia and anorexh 
Ascites 
Edema 


Diarrhea ■ 
Jaundice ■ 
Dyspnea - 
Hematemesis - 


Abnormai physical findings 

Hepatomegaiy 

Ascites 


Venous coiiaterals — 1 
Fever 
Jaundice - 


Malnutrition - 

Edemo 

Spider nevi ■ 


Pleural effusion • 
Anemia - 


Splenomegaly ■ 


Esophageal vorices 
Abnormal lab- findings 
Bromsulph- retention — ] 
Serum bilirubin 


Alkaline phosphatase -j 
Cephalin flocculation -j 
Serum proteins 
serum albumin - 
Serum globulin 


Serum cholesterol — | 
Prothrombin 


Urine urobilinogen - 
Urine bile- 


Thymol turbidity ■ 


4 


6 


8 


to 

1 — 


II 

“T 


12 

T" 


13 


14 

-I 


-mole 


temole 


Fig. 1. Clinical Status of Subjects on Admission to the Hospital 

The length of the solid bars indicates the number of abnormal findings. The open bars indicate the total 
number of tests performed. 

Esophageal varices demonstrated by X-ray. 

Abnormal laboratory values: BSP retention > 5% in 45 minutes, >10% in 30 minutes; serum bilirubin 
> 1.0 mg.% ; alkaline phosphatase > 4.0 Bodansky or > 12 King-Armstrong units ; cephalin-cholesterol floc- 
culation > 1 + ; serum proteins < 6.S gm.% ; serum albumin <3.0 gm.%; serum cholesterol < 150 or >250 
mg.7o ; prothrombin < 10% ; urine urobilinogen >1:10; urine bile 1 -f ; thymol turbidity > 4.0 units. 


The clinical studies and biopsies were performed by 
one of us (G. K.), \vhile the other (R. Y.), who had 
no contact with the subjects nor any knowledge of their 
clinical status, reviewed all the sections of biopsy mate- 
rial at the end of the experiment, and evaluated tiiera as 
outlined in Table III. Biopsy material was fixed in 
10% formalin in absolute alcohol, cut at 5 microns and 
stained with Best’s carmine and eosin and hematoxylin. 
Half the sections were also stained for reticulum and 
connective tissue with Laidlaw’s stain. 

The laboratory studies were carried out by identical 
methods in the two hospitals, with the exceptions noted, 
and included senim bilirubin (23), cephalin-cholesterol 
flocculation (24), thymol turbidity (25), bromsulphalein 
retention (26), scrum alkaline phosphatase (27), pro- 
fhombin (2S), urine bilirubin (29) and urine urobilinogen 
(30). Scrum proteins were determined by the macro- 
Kjeldahl method at New Haven and the Phillips’ failing 
drop mctl'.CKl (31) at Newington. Sensm cholesterol was 


determined by the method of Peters and Man (32) at 
New Haven and by the Bloor method (33) at Newington. 
In a few instances the serum alkaline phosphatase was 
carried out by the King-.^rmstrong method (34) at New 
Haven; these values are marked “K” in the tables. 

The experimental diet was started within a day or two 
of the patient’s admission to the hospital, with the excep- 
tions noted in Table II, and the patient was kept at bed- 
rest throughout the period of observation. The diet con- 
tained 1 gm. of protein per kilogram of body weight at 
the time of admission, allowance being made for accu- 
mulated fluid, 100 gm. of fat, and enough carl>ol'.yd.'ate 
to raise the total intake to 30 calories per kilo.gram. 
Neither vitamins nor other dietary suptden-.cnts were al- 
lowed. with the cxcej-tion th.at patients with vcr;.- low 
prethrembm levels were given vitamin K. 

TI’.c control j'erio'i (Pc.'-iod 1) varie-I in duratkn frern 
21 to -iO days. Six of 14 subjects, v.r.o v.erc availa'.le 
for further study under th.e same ccnditi'-ni, receive-; 



TABLE II. Clinical and laboratory observations at the beginning and end of the control period. 






Clinical 

1 min. 

Total 


tion 

of 

period 











Case 

Diet 


Weight 

Para- 

centeses 

(number) 

Ascites 

Jaun- 

dice 

Edema 

Hepato- 

megaly 

Fever 

max. 

Symp- 

toms 

bili- 

rubin 

bili- 

rubin 





kg. 








mg. % 

mg. % 

1 

22 

P70 FlOO C250 

32 calories per kg. 

B. 

69.0 

0 

1 + 

2+ 

0 

Sf 

0 

2-1- 

2.41 

10.20 

14.76 



All eaten. 

E. 

65.5 


2 + 

3+ 

1+ 

5f 

102.5 

1 + 

2.41 

2v 

28 

P70 FlOO C230 

31 calories per kg. 

B. 

68.2 

0 

2+ 

1 + 

3+ 

2f 

101.5 

3-1- 

0.30 

1,35 



All eaten. 

E. 

63.2 


0 

0 

0 

If 

0 

1 + 

0.20 

0.85 

3 

24 

P60 FlOO C180 

B. 

51.4 

4.0 L. 

2+ 

0 

1 + 

3f 

101 

2-1- 

0.41 

1.22 



36 calories per kg. 

All eaten. 

E. 

52.6 

(1) 

1 + 

0 

0 

3f 

100 

1+ 

0.07 

0.61 

4 

21 

P70 FlOO C200 

32 calories per kg. 

B. 

61.4 

0 

1 + 

0 

0 

5f 

0 

2-1- 

0.07 

0.68 



All eaten. 

E. 

63.4 


0 

0 

0 

5f 

0 

0 

0.24 

0.68 

5v 

28 

P93 FlOO C357 

29 calories per kg. 

B. 

94.5 

0 

1 + 

1+ 

0 

8f 

100. 

2-f 

1.00 

2.00 



All eaten. 

E. 

96.8 


0 

0 

0 

8f 

100 

1 + 

0.20 

0.70 

s 

6 

26 

P70 FlOO C250 

24 calories per kg. 

B. 

92.0 

0 

0 

1+ 

1+ 

7f 

102 

2-1- 

1,29 

2.38 



All eaten. 

E. 

88.9 


0 

1+ 

? 

6f 

102 

l-j- 

0.68 

2.38 

7v 

42 

P85 FlOO C300 

30 calories per kg. 

B. 

80.0 

1.0 L. 
(1) 

2+ 

1+ 

1+ 

5f 

100.5 

1 + 

0.30 

1.85 



All eaten. 

E. 

75.5 

0 

0 

0 

5f 

100 

0 

0.20 

1.00 

8v 

35 

P65 FlOO C200 

1 

B. 

65.5 

13.9 L. 

2+ 

1 + 

1+ 

3f 

100.6 

3+ 

1.50 

3.10 



30 calories per kg. 



(3) 








Eaten poorly for half 
the period. 

E. 

58.0 


2+ 

1+ 

1+ 

3f 

100.4 

2+ 

1.55 

3.60 

9v 

42 

P70 FlOO C230 

B. 

72.7 

0 

0 

0 

0 

4f 

0 

1 + 

0.03 

1.55 



29 calories per kg. 









• ► 




All eaten. 

E. 

72.7 


0 

0 

0 

0 

0 

0 

0,20 

0.85 

10 

32 

P85 FlOO C250 

B. 

83.2 

4.0 L. 

2+ 

1+ 

0 

0 

102 

2-1- 

0.41 

1.70 



27 calories per kg. 
Poorly taken. 

E. 

76.5 

(2) 

2+ 

0 

0 

102 

1.38 




1+ 

2+ 

0.27 

llv 

49 

P71 FlOO C234 

29 calories per kg. 

B. 

72.3 

0 

?1 + 

3+ 

0 

5f 

100.2 

3+ 

12.00 

17.10 



AH eaten. 

E. 

68.6 


0 

1 + 

0 

2f 

0 

0 

1.25 

•2.70 

12 

41 

P55 F80 C515 

60 calories per kg. 

B. 

55.9 

0 

0 

0 

2+ 

.4f 

0 

3+ 

0.34 

0.48 



Measured intake from 
27-60 calories per kg. 

E. 

57.3 


0 

0 

0 

2f 

0 

1-P 

0.14 

0.27 

13v 

38 

P55 FlOO C132 

B. 

55.5 

0 

0 

1+ 

2 + 

4f 

100 

2+ 

1.25 

j 

2.00 



30 calories per kg. 











All eaten. 

E. 

55.9 


0 

0 

0 

4f 

0 

0 

0.10 

0.20 

14 

32 

P70 FlOO C230 

30 calories per kg. 

B. 

69.5 

18.7 L. 
(4) 

3-f 

0 

2-1- 

0 

100.8 

! 3+ 

0.27 

0.38 



Poorly taken last 
wo weeks. 

E. 

55.7 

3-f 

1+ 

2-1- 

0 

101.4 

! 3 + 

i 

0.85 

!2.58 



Symbols as in Table I. B = bejiinning, and E = end of control period. 

• Ccph.ilin-chQlesterol flocculation: 24 hrs./48 hrs. 

1 Bromsulphalein retention after 5 mg. per kg. of dye intravenously: 30 min./45 min. 
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TABLE ir {fontinuei') 



Laboratory 

1 Remarks 

Case 

Cepli. 

floe.* 

Bromsul-l 

phalein 

reten- 

tiont 

Aik. 
phos- ■ 
pha- 
taset 

Serum i 
prot. 

Serum 

alb. 

Serum 

glob. 

Total 

cho- 

les- 

terol 

Free 

cho- 

les- 

terol 

, % 

1 free 
! cho- 
le3.S 

lltWoMP 

HmM 

Urine 

bile 

Urine 

urobi- 

linogen 

Thymol 

turbid- 

ity 

1 

1+/1+ 

0/0 

% 

51/ 

i 

3.52 

2.20 

em. % . 

7.05 

5.84 

Vn. % 

2.50 

2.77 

m. % 

4.55 

3.07 

ms. % 

112 

146 

mg. % 

88 

99 

! 

79 

68 

% 

70 

62 

4+ . 

4+ 

1:10 

1:160 

uitils 

4.0 

3.0 

Clinical and functional im- 
provement until 14th day 
when pt. developed sore 
throat and fever, following 
which relapse occurred. 
Obviously lost tissue. 

2v 

/3+ 

/3+ 

/28.S 

/4.S 

7.70 

8.80 

7.44 

8.45 

1 

1 

134 

245 

1 

1 

35 

68 i 

tr. 

1 

5.5 

6.0 

Obviously lost tissue and 
wanted more food. During 
Jweek before study received 
choline 4.0 gm. and meth- 
ionine 4.0 gm. daily and 
had two paracenteses. 

3 

0/0 

0/0 

42.9/ 

9.3/ 

8.10 

5.28 

6.30 

6.98 

1.21 

2.15 

5.09 

4.83 

88 

168 

34 

51 

39 

33 

100 

0 

i 

0 

1:40 

0 

3.5 

3.0 

IDuring week before study 
'received high protein diet 
and had paracentesis of 5.7 
L. Gained tissue on experi- 
mental diet. 

4 

0/0 

0/0 

36/ 

21.6/ 

11.43 

17.00 

7.02 

6.20 

2.77 

2.58 

4.25 

3.62 

196 

63 

32 

100 

1+ 

t 

! 0 

1:20 

1:20 

2.0 

2.0 


5v 

/3+ 

/3+ 

26.5/ 

/6.0 

5.1 

1.2 

7.15 

7.80 

1 

1 

233 

198 

— 

— 

85 

51 

0 

1 + 

6.5 

3.0 

During week before study 
received high protein diet, 
which was very poorly 
taken, and had paracen- 
tesis which yielded a small 
amount fluid. 

6 

3+/4+ 

2-l-/4-f- 

40/ 

36/ 

H 

5.60 

6.77 

1.35 

1.37 

4.26 

5.40 

1 



55 

j 


6.5 

20.0 

Regular diet for five days 
before study. 

7v 

/3+ 

/2+ 

/24 

/29 

7.40 

7.60 

7.80 

7.80 



135 

166 



100 



1.5 

2.0 

Paracentesis performed sec- 
ond day of study — no re- 
currence of fluid. 

- 8v 

/4+ 

/3+ 

/49 

6.6 

5.3 

5.10 

5.20 



: 176 

186 

i 

1 

— - 

51 

|3+ 

4+ 

2.0 

3.0 

During 17-day period before 
study received high protein 
diet and had paracentesis of 
4.1 L. Severe hematemesis 
13 th day of study, requir- 
ing 5.0 L. of blood. 

9v 

/o 

1 

/1 + 

/10.5 

/o 

4.3 

7.40 



205 

260 


1 

■ 

0 

0 

0 

2.5 

2.0 


1 

10 i 

1-Pl'2+ 

2+/4+ 

32/ 

40/ 

1 

5.63 

4,79 

\ 

\ 

2.83 

1.6! 

2.80 1 

j 

3.18 j 

1 

1 

1 

100 ! 

1 

1 

70 

55 

■ 

■ 

1.0 

1.0 

Paracentesis (X2) of 9.16 L, 
and low fat diet during 11- 
day period before study. 
Signs of peritonitis, oper- 
ation refused. Abscess 
drained two months later, 
initial site undetermined. 
Obviously lost tissue. 

llv 

/3+ 

/o 

/36 

/24.S 

13.6 

7.0 

6.30 1 

1 

7.80 

1 

1 

460 

360 

1 

1 

50 

65 

1 

■ 

4.0 

3.0 


12 

1+/2+ 

14-/2+ 

20/ 

4/ 

13.4k 

8.1k 

5.35 

6.00 

2.96 

3.07 

2.39 

2.93 

■ 

38 

54 

30 

31 1 

100 

H 

B 

4.0 

1.0 

13v 

/3+ 

/2+ 

/o 

/o 

6.9 

4.2 

6.3 

7.8 

1 

■ 

308 

268 

1 

B 

63 

50 

1 

1 

I 

1.00 

3.75 

|Vit.amin B complex paren- 
tcrally first seven d.iys of 
study. Gained tissue .-is 
edema subsided. Wanted 
more food. 

14 

3+/44 

3+/44 

■ /45 

19.Sk 

13.3k 

6.30 

5.79 

2.35 

1.35 

3.95 

4.41 

170 

56 

33 

55 

55 i 

1 

1+ 

0 

1 :40 

5.0 

5.0 

Clinical improvement first 
three weeks, thc.n daR-ahill 
course with incre.a^ing ar.o- 
rcxi.a. ascites and ve:;;ht 

lost. 


i f*”" '"alues marked k, (Kinj-Anu'iron^ un)i5). 

•pQ(jl cholesterol, per cent. 
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TABLE III 


Histology of the liver at the beginning and end of the control period 


Case 

Fat infiltration 

Pigment 

1 

Necrosis 

1 Cellular infill. 1 

1 ' 

Pleomor-; 

phism 

Fibrosis 

Bile 

duct 

prolif. 

Intra- 

lobular 

disorgani- 

zation 

Degree 

Droplet 

size 

Distri- 

butiont 

Intra- 

cellular 

Bile 

thrombi 

Hyalin 

Focal 

1 

Cell i 
typet 

Degree 

1 

B.* 

-f + -b 

+++ 

T 

-b-b 

-b-b-b 

-b-f-b 

0 

L 

4* 

-b-b-b 

-b-b -b-b 

-b-b 

+ + + 


E. 

+ -b + 

-b + + 

T 

+ + 

-b-b -b-b 

-b-b-b 

0 

PLM 

-b-b 1 

-b-b-b 1 

-b-b -b-b 

-b-b 

-b + + + 

2v 

B. 

+ + + 


T 

0 

0 

0 

± 

PLM 

-b 

4" ' 

-b-b -b-b 

-b-b -b-b 

b-b -b-b 


E. 

+ 

+ -!- + 

MC 

0 


0 


PLME 

-b 

4-4- ! 

-b-b -b-b 

-b-b -b-b 

+ -b-b 

3 

B. 

1 + + 

+ + 

i T 

-b 

+ 

0 

0 

LM 

-b-b 

-b 

-b-b -b-b 

4- 4* 4" 4' 

-b-b + -b 


E. 

+ 

+ 

1 T 

-b 


0 

0 

LM 

-b 

-b-bj 

-b-b -b-b 

-b-b -b-b 

bb-b-b 

4 

B. 

+ + -t- 

-i-+ 

T 

0 

0 

± 

0 

LM 

-b 1 

-bj 

-b-b -b-b i 

4'4~4'4‘ 

bbbb 


E. 

+ -1- 

-b-b 

T 

0 

0 

-b 

0 

LM 

-b+i 

-b 

-b-b -b-b 

-b-b -b-b 

bbbb 

Sv 

B. 


+ + + + 

T 

-b 

-b-b-b 

0 

0 

LM 

-b-b-b 

-b-b 

-b-b -b-b 

-b'-b-b 

bbbb 


E. 

+ + + 

-b-b + 

T 

■b 

-b-bl 

0 

0 

LMP 

-b-b i 

-b-b-b 

-b-b-b -b 1 

-b-b -b-b 

bbb-b 

6 

B. ; 

+ + + 

+ + 

T 

0 

0 

-b-b 

0 

LM 

-b i 

-b-b-b 

-b-b -b-b 

-b-b 

bbbb 


E. ! 

+ -i- 

-b + -b 

T 1 

0 

Oi 

-b-b 

0 

LM 

-b j 

-b-b -b-b 

-b-b -b-b 

-b-b -b-b 

bbbb 

7v 

B. 

■f + 

-b 

c ! 


0 1 

0 

4" 4" 

LMP 

-b-b i 

-b-b -b-b 

-b-b-b 

-b-b 

bbbb 


E. 


+ 

c 

0 

0 

0 

dt 

LM 

-b 

4-4- 

-b-b-b 

-b 

bbbb 

8v 

B. 


4~"i“ 

T 

0 

-b 

-b-b -b-b 

0 

PL 

-b-b 1 

-b-b -b-b 

-b-b -b-b 

-b-b-b-bi 

bbbb 


E. 

+ 

-b-b 

T 

0 

0 

-b 

0 

PL 

-b 

-b 

-b-b-b 

4-4- 

bbbb 

9v 

B. 

++-f-+i 

+ -b-b + 

T 

± 

-b 

0 

4“ 

IlSi 

-b 

-b-b 

0 

0 

bbbb 


E. 

+4- 1 

+ + -b 

CM 

± 

-b 

0 

0 


± 

4- 

± 

0 

4: 

10 

B. 

-hH- 1 

-b-b-b 

T 

0 

0 

o| 

0 


-b-b 

± 

-b-b-b 

-b-b-b 

bbb 


E. 

4- 

+ + 

T 

0 1 

0 

±1 

1 

0 

! 

0 

-b-b 

-b-b -b-b 

-b-b 

bbbb 

llv 

B. 

++++ 

-b + "b + 

T 

-b 

-b-b-b 

oi 

4r 

p 

+ 

± 

-b-b 

-b-b 

bbb 


E. 


4-4' 

T 


db 

0 1 

0 ! 

PM 

4~ 

-b 

1 -b-b 

4-4' 

bb 

12 

B. 


-b-b + + 

T 

0 

0 

-b 

0 

ME 

db 

4-4' 

1 4*4" 

1 -1*4* 

4* 4" 4“ 


E. 


-b-b-b + 

T 

-b 

0 

0 

0 

ME 

-b-b 

-b-b 

-b-b 

4" 

! + 

13v 

B. 


-b-b 

T 

4-4“ 

-bf-b-b 

0 

0 

0 

0 

4- 

1 -b-b 

-b 



E. 

0 

0 

0 

4-4- 

-b-b -b-b 

0 i 

0 

L 

± 

-b 

-b-b 

-b-b 

1 b 

14 

B. 

+ 

-b-b 

C 

0 

0 

-b-b-b! 

0 

PLE 

4- 

4-4- 

1 -b-b -b-b 

-b-b-b 

bbbb 


E. 


-b 

C 

0 

0 

+b-bj 

•^1 

PME 

4- 

1 

-b-b 

-b-b -b-b 

-b-b-b 

bbbb 


* B. = beginning, and E. — end of control period. 

■f T = throughout lobule, C = central, M = mid-zonal. 

L = lymphocytes, M = monocytes, P == polymorphonuclears, E = eosinophiles, P = plasma cells. 


supplements of choline (Period 11) and protein (Period 
III), in addition to the basic diet, following completion 
of the control period. 

The present report is concerned primarily with obser- 
vations made during Period I. The experiments dealing 
with the effects of dietary supplements are still in prog- 
ress and will be discussed only briefly in connection with 
the interpretation of the effects of the control period. 

RESULTS 

Status on Admission. The clinical and labora- 
tory findings are those usually seen in moderate 
to advanced Laennec’s cirrhosis (Table I, Fig- 
ure 1). The preponderance of males can be as- 
cribed, in part at least, to the almost exclusively 
male population of the Veterans Hospital, where 
half the subjects were studied. Alcoholism and 
poor diet appeared to be important features in the 
past historv-, although reliable quantitative data 
could not be obtained. The high incidence of 
jaundice and ascites testifies to the severity of 


the disease in most of the cases, and in only one 
(Case 9v) could the liver be regarded as being in 
a state of "compensation.” 

Hepatic enlargement was present in all but two 
subjects (Cases 10 and 14) and may have been 
related to the degree of fat infiltration noted his- 
tologically, although the causal relationship be- 
tween the two is by no means certain (35). 

The impairment of hepatic function demon- 
strated by laboratory methods was reasonably well 
correlated with the clinical status, the most signifi- 
cant findings being an elevation of the serum bili- 
rubin level, increased bromsulphalein retention 
and a decrease in serum albumin. The serum 
cholesterol findings were of interest in that the 
total level was decreased in five, and increased in 
two. Of the six subjects in whom the cholesterol 
was fractionated, only two showed a pathological 
increase in the free : total ratio. The level of serum 
cholesterol and its fractions did not appear to be 
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related to the clinical, functional or histologic status 
of the liver, nor to its responsiveness to treatment. 

The histologic findings were typical of Laennec’s 
cirrhosis. Fatty infiltration of the parenchyma, 
fibrosis, periportal cellular infiltration and distor- 
tion of the architecture of the lobules predominated. 
Case 9v showed maximal fatty infiltration but no 
fibrosis, while Case 14 with the most marked fibrosis, 
showed little fat. No mitotic figures were seen, but 
the parenchymal cells frequently exhibited varia- 
tions in size and staining qualities with many large 
binucleate cells and hyperchromatic nuclei, which 
were interpreted as probable signs of regeneration. 
Hyaline necrosis occurred much less frequently 
than in other studies of biopsy material in Laen- 
nec’s cirrhosis, and may be related to our use of 
formalin-absolute alcohol fixative instead of Zen- 
ker’s fluid (18). The individual histologic find- 


ings were poorly correlated with specific tests of 
liver function, or with particular clinical mani- 
festations, and their severity reflected only in a 
very general way the severity of the disease clin- 
ically. In Volwiler’s experience there has been a 
similar poor correlation of histologic, functional 
and clinical findings (18). 

Changes Observed at the end of the Control Pe- 
riod. Improvement in the clinical, functional and 
morphological status of the liver occurred in a sig- 
nificant number of the subjects (Tables II and III, 
Figure 2). The degree of improvement varied 
from case to case, and was not uniform by all 
criteria, but it appeared to be roughly correlated 
with the initial severity of the fat infiltration, an 
observation previously noted by others (18, 36). 
Thus, striking improvement occurred in Case 9v 
with the most marked fat infiltration (Figure 3), 
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Fig. 3. Liver Biopsy, Case 9v 

A. Before treatment, showing marked fat infiltration without significant fibrosis, distortion of the lobular archi- 
tecture, and small compressed parenchymal cells (hematoxylin and eosin X 150). 

B. Forty-two days on control regime, showing almost complete loss of fat and restoration of normal lobular 
architecture and normal liver cords (Best’s carmine X 150). The liver had returned to normal size, and func- 
tion tests were within normal limits at this time. 

while the clinical course was rapidly and progres- was observed in all the cases, except 10 and 14. 
sively downhill in Case 14 with minimal fat in- This was accompanied by a decrease or loss of as- 
filtration, even after the basic regime was replaced cites, edema, jaundice, hepatomegaly and fever 

hy a high protein, high caloric diet supplemented in more than a third of the group. Ascites sub- 

with choline and parenteral vitamins, liver extract sided completely in five cases and decreased in one. 
and scrum albumin. The ascites was sufficiently severe in these to have 

The appearance of a complicating infection af- required paracentesis in four, 
fccted the course of the disease unfavorably in at Clinical improvement was usually accompanied 
least two subjects. Case 1 showed subjective and by evidence of improved hepatic function, although 
objective improvement during the first two weeks there were several notable exceptions. Approxi- 
of the control period, but became more jaundiced, mately half the subjects exhibited a fall in serum 
developed edema and exhibited an increase in as- bilirubin and bromsulphalein retention and a rise 
cites and a decrease in his serum proteins con- in serum protein and albumin. In a significant 
comitant with the onset of a severe penicillin- number these values returned to normal. There 
resistant streptococcal sore throat in the third was a fall in serum* protein despite improvement 
week. Unfortunately the control period was ter- by other criteria in two instances. In Case 4 the 
minated at this point and choline was added to the fall was due to a decrease in globulin without a 
basic regime. As the infection subsided there was significant change in the albumin fraction. In 
clinical and functional improvement again. The Case 10 both the total protein and albumin fraction 
cirrhosis was complicated by an nnexjilained sup- fell despite morphologic improvement and a slight 
inirative peritonitis in Case 10. and there was little decrease in serum bilirubin. The fall in serum 
improvement during the control period except for albumin in this instance may have been related 
a slight fall in the serum bilirubin level, and a de- to a loss by paracentesis and to an inadequate pro- 
crease in fat infiltration histologically. Significant tcin intake in the face of infection, rather than 
improvement did not occur until the infection was to a deterioration of hepatic function, 
brought under control by surgical drainage of the The changes in serum cholesterol were of in- 
altdomen combined with chemoiherapy. tercst. In every instance where the level was 

Subjective improvement in the initial .symptoms abnormal there was a rise or fall toward the nor- 
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mal range, depending on whether the initial value 
was low or high. The free ; total cholesterol ratio 
was followed in only three subjects. Initially the 
ratio was abnormally high in two and normal in 
the third. It fell to normal in one, declined slightly 
in the second and did not change significantly in 
the third. 


The changes in cephalin-cholesterol flocculation 
and thymol turbidity were not considered signifi- 
cant. The prothrombin level fell in five cases, but 
the fall was significant in only one instance (Case 
5v). Only Case 2v showed a significant increase 
in prothrombin. 

The most striking change observed histologically 
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Fig. 4. Liver Biopsy, Case 2v 

A. Before treatment, showing marked fibrosis, moderate fat infiltration, disruption of the normal lobular architec- 
ture, and bile duct proliferation (hematoxylin and eosin X 150). 

B. Twenty-eight days on control regime, showing a significant decrease in fat and larger, more normal appear- 
ing liver cords (hematoxylin and eosin X 150). The liver had decreased in size, and function tests were within 
normal limits at this time. 
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was a decrease in fat infiltration winch occurred in 
all but one subject (Figures 3-5 ) . The fat actually 
disappeared in three instances, including Case 14 
whose clinical and functional status deteriorated 
(Figure 5). Further evidence of healing was 
found in the increased regeneration of parenchymal 
cells, the decrease in periportal cellular infiltration 
and the improvement in intralobular organization, 
which occurred in almost half the cases. The other 
signs of histologic improvement noted in Table 
III occurred less frequently. There was no sig- 
nificant decrease in fibrosis in any of the cases. 

The validity of the method of sampling the liver 
by needle biopsy is obviously open to some ques- 
tion, but the uniform trend of the cimnges observed 
suggests that they were of significance. 

COMMENT 

It is apparent from these observations that sig- 
nificant impro'i'ement may occur in Laennec’s cir- 
rhosis under conditions of bed-rest, alcohol with- 
drarval, and a minimal basic diet, and that these 
factors must be taken into consideration in evalu- 
ating the specific therapeutic actions of dietary 
supplements. The results, however, do not war- 
rant any definite conclusions regarding the rela- 
tive efficacy of the basic diet and diets supple- 
mented with protein or lipotropes. nor do they in- 
dicate which of the factors in the control regime 
was responsible for the apparent improvement 
observed. 

The six subjects who received supplements of 
choline in Period II and of protein in Period III, 
under continued conditions of bed-rest and alcohol 
restriction, showed progressive improvement 
clinically and histologically. Since there was no 
significant change in the rate of recovery, as com- 
pared to that in Period I. it could not be determined 
wliether the observed effects were due to the spe- 
cific action of these supplements, or to prolonga- 
tion of tlic period of bed-rest and alcohol with- 
drawal. It may not i)e possible to evaluate the role 
of <lietary snpidcments in the treatment of cirrhosis 
until the factors re.sponsible for improvement dur- 
ing the control j)eriod are better understood, and 
until the ma.ximum ctTects of the basic regime have 
been determined. 

'I'lie methods of study employed by \'oIwiIer 
:in<l his associates ( IS) were sufficiently similar 


to ours to permit some comparisons of the effects 
of their high protein, high caloric diet with those 
of the basic diet used in these experiments, under 
the same conditions of restricted activity in a hos- 
pital. There was no significant difference in the 
clinical improvement observed in the two groups, 
but the subjects on the better diet showed more 
comi^lete removal of fat histologically, and greater 
and more consistent increases in serum albumin. 
These differences, however, may not have been 
due to the diet, since Vohviler’s subjects were 
less severely ill than ours, judged both clinicall}' 
by the incidence of ascites and jaundice, and histo- 
logically by the degree of fibrosis present. Only 
four of his 13 subjects had ascites, compared to 
10 of the 14 on the basic diet, and only six showed 
more than one-plus fibrosis histologically, com- 
pared to 13 in our group. On both diets the only 
significant rises in serum protein occurred in the 
non-ascitic group, and in several instances the 
level fell when ascites was present. There was no 
clear-cut correlation, however, between the degree 
of fibrosis and the rate of fat removal from the liver. 
While the differences in the rate of fat removal in 
the two groups may have been related to differences 
in the severity and duration of the disease, the pos- 
sibility that they were due to the diet cannot be 
excluded. 

Franklin and his associates (17) have also stud- 
ied cirrhotics by the serial biopsy technique, and 
have concluded that supplements of choline and 
methionine have specific therapeutic effects. Their 
results are difficult to interpret since they had no 
control group, and since their basic diet had a rela- 
tively high protein and caloric content and included 
large supplements of vitamins. Vohviler (IS), 
under somewhat different conditions, on the other, 
hand, has found that lipotropes do not augment 
the effects of a high protein diet. Franklin’s com- 
ments are of interest in connection with tlie obser- 
vations being reported : “Shorter periods of obser- 
vation are desirable in view of possible spontaneous 
remissions which may occur with longer control 
periods. Even in the shorter periods used in this 
study, however, the possibility of spontaneous im- 
provement may raise difficulties in evaluating the 
role of therapy.” 

Further work is needed to determine what fac- 
tors were operative during our control period to 
account for the improvement which occurred. 
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The possibility cannot be excluded that the basic 
diet employed was an important factor. The op- 
timal protein requirement for the normal adult is 
still a matter of speculation, and it is known to be 
influenced by a great many factors. The standard 
of 1 gm. per kilogram of body weight daily, how- 
ever, is widely accepted, and it is generally agreed 
that larger amounts are required in overcoming 
malnutrition and in facilitating tissue repair. Ac- 
cordingly, the requirement in cirrhosis is usually 
given as 1.75 to 2.0 gm. per kilogram, although it 
is recognized that these values have not been es- 
tablished under varying dietary conditions (18). 
By this standard the basic diet was suboptimal in 
regard to protein. While the caloric supply ap- 
peared to be inadequate for some of the subjects, 
there was no clear-cut evidence that there was a 
deficiency of protein. Eight of the subjects lost 
weight on the diet, but in only a few was there ob- 
vious tissue wasting, while in the others a decline 
in weight due to water loss could not be excluded. 
It is quite possible that under the experimental 
conditions of bed-rest, a moderate carbohydrate 
supply and a maintenance caloric intake, 1 gm. of 
protein per kilogram met both the general nutri- 
tional needs and the specific requirements of the 
liver. The somewhat slower removal of fat from 
the liver, compared to Volwiler’s experience (18), 
and the fall in serum proteins in some of the sub- 
jects are the only indications that the protein in- 
take may have been suboptimal in some instances. 

The nutritional requirements of the liver are not 
known precisely, nor have the factors which in- 
fluence them iieen studied in man. In animals, at 
least, tliere appears to be a relationship between 
tile requirement of lipotropic substances and the 
over-all metabolic activity (37). Thus, deficient 
diets which retard growth (38). starvation (39) 
and the administration of thiouracil (40). lower 
the choline requirements of rats. There is sug- 
gestive evidence that a similar relationship m.iy 
exist in man. Low protein diets known to produce 
fatty infiltration and cirrhosis of the liver in chil- 
dren arc usually high in carbohvdrate and caloric 
content (41). Low caloric, low protein diets, 
on the other hand, do not jirodnce liver damage in 
man. under some circumstances at le.ast (42). It 
is conceivable, then, that the decrease in liver fat 
observed in our e.xperiments. and even the improve- 
ment in liver uinction. were starvation eiTccts. 


This might account for the apparent histologic 
improvement despite obvious clinical deterioration 
in Case 14, and for the changes observed in the 
subjects who lost weight during the experiment, 
but could hardl}" account for the improvement 
which occurred in those who gained weight. 

If the choline requirement of the liver is related 
to the caloric intake, alcoholism may play a dual 
role in creating a choline deficienc)' — first. In- 
raising the caloric intake without a concomitant 
increase in protein, and secondly, by reducing the 
food intake. The caloric value of alcohol is usu- 
ally disregarded even in well-controlled, paired- 
feeding experiments (20), and may account for 
the apparent failure of a normal protein intake to 
protect the liver against fat infiltration. More- 
over, a large enough supplement of choline or pro- 
tein might prevent or reduce fat infiltration and 
mask the effects of alcohol, and might account for 
the failure of some observers (11, 18) to demon- 
strate any deleterious effects when alcohol is ad- 
ministered to cirrhotics on high-protein diets. 

The importance of bed-rest in acute liver dis- 
ease has been recognized for some time, and re- 
cently it has been stressed in the treatment of cir- 
rhosis (18). It is not known whether rest exerts 
its favorable action by promoting healing, as it 
does in other inflammatory diseases, or whether 
it does so by altering the metabolic activities of 
the liver in some equally obscure way. The de- 
crease in hepatic blood flow during e.xercise (43) 
may be of importance in tliis connection. The de- 
gree of physical activity may also be one of the fac- 
tors which determine the lipotropic requirement 
of the liver, just as in the case of the rate of growtii. 

It should l)c emphasized tliat whatever the spe- 
cific effects of the diet on the liver prove to be, 
tlie patient with I.^ennec's cirrhosis will still re- 
quire a well-balanced diet to overcome the usually 
associated malnutrition. Future studies may re- 
veal that dietary supplements have no specific ef- 
fects on the liver, but rather imi)rove tlie nutrition 
generally permitting the liver to heal under more 
favorable conditions. 

SVMMAKV ANI> CoNCl.VSUtSS 

1. Significant clinical, functionrd ae.d bi-tob gi- 
cal improvement he.'- L-en. observe'! in. 
with l_aeni;ec'? cirrr.osi^ un.der C'';;'.r>L'.'! 
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tions of bed-rest, alcohol withdrawal and a mini- 
mal basic diet. 

2. The effects of such a control period must be 
taken into account in evaluating the specific effects 
of dietary supplements on the liver. 

3. The results do not warrant any conclusions 
regarding the relative importance of bed-rest, al- 
cohol withdrawal and diet in producing the effects 
observed during the control period. 
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The polycythemia observed at high altitudes and 
in certain forms of pulmonary and congenital heart 
disease has led to the acceptance of the view that 
anoxia is an erythropoietic stimulus. In polycy- 
themia vera, however, the oxygen saturation of the 
arterial blood has been found to be normal. Ob- 
servers have, therefore, sought in the hone marrow 
itself for evidence of anoxia in this disease. Rezni- 
koff el al, (1) demonstrated changes in the capil- 
laries and arterioles in the bone marrow of patients 
with polycythemia vera and postulated decreased 
blood flow with subsequent anoxia as the erythro- 
poietic stimulus. Chemical evidence of such an- 
oxia has as yet not been obtained. 

It has likewise been maintained that marrow 
anoxia is the stimulus to red cell production in 
anemia, as for example, after hemorrhage. Re- 
cently, however. Grant and Root (2, 3) have de- 
termined the percentage saturation and oxygen 
tension of bone marrow blood in dogs made anemic 
by bleeding and found no significant difference 
from the control animals. 

These considerations led us to a study of the 
oxygen content in bone marrow blood in various 
diseases in man, adapting the method of Grant and 
Root. 

After the studies to he reported in this paper 
had been completed, the work of Berk. Burchenal. 
Wood, and Castle (4) on the same subject was 
published. 

m.\ti:rials and mktiiods 

I'ifty-two sets of detenninations in 50 patients arc 
Iirc.scntcd here. From each patient, witliin a period of 
several mimites, specimens of bone marrow blood and 
brachial arterial blood were obtained. In 35 instances 
anteciibital venous blood was drawn without stasis. All 
bloods were chilled until the analyses were performed. 

.\t the time of withdrawal of the blood specimens for 
analysis, the patients were recumbent in bed, having 

' .\ided bv a grant from the Linde Air Pnxlucts 
Company. 


rested quietly for at least ten minutes. Experiments were 
usually performed between 9 and 10 o’clock in the morn- 
ing, about two hours after breakfast. More attention 
was not paid to the establishment of absolutely basal con- 
ditions because the act of sternal marrow puncture in- 
duced a degree of anxiety in most patients which was of 
far greater moment than the other factors affecting the 
basal state. 

The sternal bone marrow aspiration was performed by 
the usual technique at the level of the second interspace 
with a number 17 bone marrow needle and stylet. After 
the marrow had been entered, the stylet was withdrawn. 
In only two patients, one with polycythemia vera and one 
with an hemangioma of the spleen (not included in the 
present series), was there a spontaneous welling up of 
blood into the hub of the needle. In the other patients, 
a preliminary gentle aspiration with a 10 cc. syringe was 
performed until blood just appeared in the syringe. The 
syringe was then discarded and the patients were in- 
structed to perform a momentary Valsalva experiment 
when necessary, whereupon bone marrow blood was seen 
to rise into the hub. The tip of a Roughton-Scholander 
micro-pipette, containing dried heparin, was immediately 
inserted well below the level of the blood to the junction 
of the hub with the needle proper. The operator’s finger 
was held over the opposite end in order to prevent blood 
in contact with air from entering the pipette. Forty 
cu. mm. were aspirated and transferred to a Roughton- 
Scholander analyzer for immediate determination of oxy- 
gen content. From 0.75 cc. to 1.0 cc. of bone marrow 
blood was then withdrawn with gentle suction into a 
2 cc. syringe containing dried heparin for the determina- 
tion of oxygen capacity. 

Oxygen determinations were performed by the method 
of Roughton and Scholander (5). For the capacity 
measurement blood was saturated with oxygen by the 
aeration of 0.5 to 1.0 cc. for 15 minutes in the syringe 
in which the specimen had been collected. Correction for 
dissolved oxygen in both the saturated and unsaturated 
specimens was made using the figures of Sendroy ct al 
( 6 ). 

The patients were divided into four groups, namely, 
controls, patients with polycythemia vera, anemia and 
anoxic anoxia. The “control” group consisted of afebrile 
patients, some of whom were convalescent from a variety 
of diseases and who manifested no hematologic, cardio- 
vascular, or pulmonary abnormalities. The polycythemia 
vera group consisted of all patients with this diagnosis, 
regardless of the stage of therapy. 1 he anemics consisted 
of patients whose arterial oxygen capacity was less than 
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15 volumes per cent, corresponding to a hemoglobin con- 
tent of 11.0 grams per 100 cc. The anoxic group in- 
cluded patients whose arterial oxygen saturation was 
below normal. In addition to the anoxic anoxia which 
all patients in this group manifested, some were pre- 
sumed to have stagnant anoxia on the basis of congestive 
heart failure. 

In the collection of "bone marrow blood” for the deter- 
mination of oxygen content and capacity several possible 
sources of error are to be considered; 

1. As indicated previously a preliminary aspiration 
with a 10 cc. syringe and the performance of the Valsalva 
maneuver were usually necessary in order to obtain a 
free flow of bone marrow blood into the hub of the needle. 
Did these pressures induce changes in the oxygen content 
of the bone marrow blood obtained? For a brief period 
the level of bone marrow blood in the hub was exposed 
to air. Did this brief exposure also induce changes in 
the oxygen content of the specimen drawn? It is likely 
that whatever error was introduced affected the controls 
and the test groups similarly. It was believed that such 
changes took place only at the surface of the blood column 
and that errors from these sources could be eliminated 
by inserting the tip of the pipette well below the level of 
the blood. This opinion was substantiated by subjecting 
blood to similar treatment in a dummy experiment. 

2. Another source of error is that "bone marrow 
blood” is not a relatively constant mixture like peripheral 
blood. When material is aspirated through a needle in 
the bone marrow, a variable proportion of marrow ele- 
ments, stagnant red blood cells, and actively flowing blood 
is obtained. This is evident grossly in that some bone 
marrow specimens appear homogeneous whereas in others 
yellowish grey particles arc seen. In addition, changes in 
circulation may have occurred at the tip of the needle in 
the marrow cavity. An indication of the magnitude of 
these errors can be obtained by comparing the o.xygcn 
capacities of bone marrow and peripheral blood in the 
same individual. The value, arterial blood o.xygcn capac- 
ity minus bone marrow blood o.xj-gen capacity, had an 
extreme range from +2.3 to —1.1 volumes per cent. 
The mean difference, however, was + 0.3 volumes per 
cent, just beyond the error of the method, showing that 
there was a slight dilution by bone marrow elements. 
Using the method of Grant (7), in a number of instances, 
we determined the oxygen capacity of bone marrow blood 
drawn before and after the removal of I cc. and found a 
similar variation. It .should be pointed out in this con- 
nection that Grant and Root (2) found an average dif- 
ference of +1.3 volumes per cent between venous and 
hone marrow oxygen capacity in dogs. .As an indication 
of the degree of error brought .about by variation in the 
oxygen capacity of bone marrow blcxxl, we have calcu- 
lated the percentage saturation of bone marrow WockI on 
the basis of the capacity of IkuIi Ixuie marrow and arterial 
IiIcxkI. T he mean and the standard deviation in the con- 
trol and ill tlie oflicr groups were not changed significantly 
by cither nielliod of calculation. W’e have therefore U'-oi 
the figures for 1‘ercenl.Tee .'.aiuratfon o: iH^ne marrow 


blood calculated on the basis of bone marrow capacity in 
the presentation of our results. 

RESULTS 

The results in individual cases are shown in 
Tables I through IV. Table V compares the re- 
sults in the four groups of cases. The oxygen con- 
tents are given in volumes per cent. Letter A re- 
fers to brachial arterial blood and letters BM to 
sternal hone marrow blood. 

TABLE I 


Control patients 


Age. 

Se.x 

Oxygen 

capacity 

Oxygen 

content 

Percentage 

saturation 

Differ- 

ence 

oxygen 

content 

A 

BM 

A 

BM 

A 

BM 

A minus 
BM 

62 M 

20.3 

20.8 

20.0 

16.3 

97 

78 

3.7 

52 M 

15.9 

15.7 

15.3 

12.7 

94 

80 

2.6 

14 M 

19.8 

19.5 

— 

17.1 

— 

87 

— 

27 M 

16.5 

16.1 

16.3 

11.5 

97 

71 

4.8 

69 M 

16.6 

16.5 

15.6 

14.3 

92 

86 

1.3 

41 M 

21.0 

20.7 

20.4 

15.7 

96 

75 

4.7 

60 M 

18.0 

18.6 

17.8 

15.9 

97 

85 

1.9 

21 M 

20.3 

19.3 

19.4 

16.0 

94 

83 

3.4 

28 M 

20.3 

20.5 

19.9 

18.0 

97 

87 

1.9 

54 M 

17.5 

17.1 

16.5 

11.4 

93 

66 

5.1 

49 M 

17.2 

16.8 

16.7 

13.2 

95 

79 

3.5 

18 M 

20.4 

20.6 

20.6 

15.0 

99.5 

72 

5.6 

49 M 

20.3 

20.3 

19.6 

17.3 

95 

85 

2.3 

63 M 

19.8 

19.5 

19.5 

16.3 

97 

83 

3.2 

49 F 

16.5 

16.3 

16.1 

12.6 

96 

77 

3.5 

16 M 

19.2 

18.4 

18.7 

15.8 

96 

85 

2.9 

59 M 

16.3 

16.4 

15.4 

13.0 

93 

79 

2.4 

27 M 

16.8 

17.9 

17.1 

12.6 

100 

70 

4.5 

63 M 

— 

17.6 

— 

13.4 

— 

76 

— 

46 F 

16.9 

15.7 

16.9 

10.3 

98 

65 

6.6 

60 F 

— 

16.6 

— 

12.3 

— 

74 

— 

33 M 

18.9 

19.0 

18.3 

15.5 

95 

81 

2.8 

64 iM 

18.6 

18.4 

17.5 

15.1 

93 

82 

2.4 

55 M 

16.6 

16.5 

16.3 

14.2 

96 

86 

2.1 

50 M 

16.6 

17.1 

16.3 

13.5 

96 

78 

2.8 


Pcrccutarjc saturation of bone tuarrosv blood 
xoith oxygen: It i.s evident that there wa.s a wide 
variation in the percentage saturation of Iinne mar- 
row blood with o.xygcn in all four groiij)-, tin's liv- 
ing especially jironounced in the control gronji. 
The valuc.s for jiatients with anemia tended to mil 
in the lower range of the control value.-', hut the 
difiereiice between the mean.s wav not .vtativtically 
significanl. The valne.v for the anoxic tmtiemv 
had a similar, lint .-omewh.-il wirier ran^e. ar.'i tl;*- 
mean was somewhat lower. Th.e ditTerenve L.-- 
tween the means of th.e c<<:nrol ar.'i ne.o.xir •.•r"-,:','- 
was on the bonier o! .vi<;!;ifu-;ji:;-e ( *1 v.,*;- r- 
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TABLE n 

Polycythemia vera patients 


Age, 

Sex 

Duration 

disease 

Previous 

treatment 

Hematocrit 

1 

O.vygcn capacity 

Oxygen content 

Percentage saturation 

Difference 

oxygen 

content 




i 

A 

BM 

^ A 

BM 

A 

BM 

minus BM 

60 F 

years 

9 

I, 2,4 

i 

57 

17.1 

16.4 

16.9 

14.7 

97 

1 

88 

2.2 

56 F 

1 

2, 4 

67 

23.4 

23.3 

23.0 

19.8 

97 

85 

3.2 

77 F 1 

5 

2,4 

67 

24.2 

24.0 

23.2 

22.0 

95 

91 

1.2 

65 M 1 

9 

2,4 

61.5 

18.6 

18.5 

18.7 

17.7 

99 

94 

1.0 

64 M 

7 

2, 3, 4 

62 

25.6 

24.7 

24.8 

24.3 

1 96 

97 

1 0.5 

54 M 

12 

1,2,4 

48 

17.3 i 

16.8 

17.0 

13.5 

1 97 

80 

! 3.5 

55 F* 

1 

None 

70 1 

23.4 1 

22.5 ! 

23.2 

21.8 

98 

96 

i 1.4 

55 F* 

1 

None 

69 

22.3 

21.5 

21.4 

20.5 

95 

95 

0.9 

55 F*- 

1 1 

2 

64 

21.2 1 

21.3 

20.8 

17.7 

97 

83 

3.1 

56 M 

10 

4 

70 

26.3 ! 

26.5 

25.7 

22.7 

97 

1 85 

3.0 

55 M 

12 

1.2,4 

60 

18.8 

19.0 

1 

18.0 j 

16.8 

94 

87 

t 1.2 


* Same patient. 

Previous treatment: 

1. Total bod}'^ irradiation. 

2. Phlebotomies. 

3. Phenylhydrazine. 

4. P^^. 


TABLE III 

Anemic patients 


Age, 

Sex 

Oxygen 

1 capacity 

Oxygen 

content 

Percentage 

saturation 

Difference 
j oxygen 
content 


BM 

i 

' A 

BM 

A 

BM 

A minus 
BM 

39 M 

11.8 

■ 12.1 

12.0 

9.1 

99 

74 

2.9 

62 F 

12.0 

11.6 

11.9 

9.1 

97 

78 

2.8 

60 M 

9.9 

9.7 

9.6 

7.8 

94 

79 

1.8 

40 F ! 

7.6 

7.1 

7.7 

4.9 

97 

68 

2.8 

43 F 

5.0 

5.3 

4.7 

4.1 

90 

75 

0.6 

56 M 

11.0 

10.6 

10.9 ’ 

7.1 

96 ' 

66 

3.8 

58 M 

10.7 

11.3 

10.3 

9.0 

94 

1 

79 

i 

1.3 


Tlie first and last cases are pernicious anemia; the others 
arc hypochromic anemia. 


0.05 and 0.01).- On the other hand, the values 
for patients with polycythemia vera were higher 
than those of the control group, although there 
was overlapping in the treated polycythemics with 
relatively low oxygen capacities. The difference 
between the means was statistically significant 
(p was less than 0.001 ) .- A fortiori, the difference 
between the means in the polycythemia vera group 
and the anoxic group was highly significant. 

Arterial-bone marrozv oxygen difference: The 
difference between the ox 3 ^gen content of arterial 

2p is the probability that the observed difference be- 
tween the means is due to chance, as calculated by 
Fisher’s “t” test. 


TABLE IV 
Aitoxic patients 




.Nkc. 

Sex 


Oxj'Kcii capacity 


Oxygen content 


Percentage 


saturation 


Difference 

oxygen 

content 


A BM 


A 


BM 


A 


BM 


A minus 
BM 


Pulmonary fibrosis 
Fmphysema 
Conyestivo heart failure 
Pulmonary fibrosis 
Conyestive heart failure 
Cor pulmonale 
Tetralin;)’ of Fallot 
Pulmuu.iry fibro-is 


52 M 
02 M 
63 M 
60 M 
60 F 
54 M 
30 F 
42 M 


17.9 

— 

21.7 

22.1 

17.1 

15.8 

21.7 

21.2 

21.0 

21.1 

23.5 

23.0 

25.1 

25.6 

21.5 

i 20.9 


16.6 i 

12.0 

17.9 ) 

14.0 

14.4 

10.1 

18.7 

15.1 

19.1 

17.3 

17.5 

' 17.1 

22.6 

18.6 

19.9 

1 16.4 


92 



83 

63 

84 

70 

85 

71 

90 

82 

74 

74 

89 

72 

92 

78 


4.6 
3.9 
4.3 

3.6 
1.8 
0.4 
4.0 
3.5 
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and bone marrow blood (A-BM difference) dis- 
played a similar wide range of variation, greatest 
in the control and anoxic groups. The A-BM 
values for the anemics tended to fall in the lower 
range of normal, but the difference between the 
means was not significant. The patients with an- 
oxia, due at least in part to the heterogeneous 
make-up of the group, showed no significant dif- 
ference from the controls. The A-BM values for 
patients with pol 3 ’'cythemia vera, however, were in 
general lower than the controls, although there was 
overlapping. The difference between the means 
in the latter two groups was statistically significant 
(p was between 0.01 and 0.001 ) .- 
The values for antecubital venous blood oxygen 
content displayed the wide range of variation pre- 
viously reported by others. With few exceptions, 
the venous oxygen content was lower than the 
bone marrow content. 


TABLE V 

Mean values for all patients 



Percentage 
saturation bone 
marrow blood 

Difference 
oxygen content 

1 A minus BM 

Ko. 

Mean 

S.D. 

No. 

Mean 

S.D. 

Control i 

25 1 

78.8 

6.44 1 

22 

3.35 

1.347 

Polycythemia vera 

12 ’ 

88.3 

5.52 

11 

1.93 

1.094 

Anemia 

7 

74.1 

5.27 

7 

2.29 

1.099 

Anoxia 

7 

72.9 1 

6.07 

8 

3.31 

1.489 


S.D. — Standard deviation. 


DISCUSSION 

The wide range of variation in the oxygen con- 
tent and percentage saturation of bone marrow 
blood found in this study confirms tlie results of 
Grant and Root (2. 3) in dogs and of Berk and co- 
workers (4) in man. 

By the present methods, with their limitations as 
discussed above, it was not possible to demonstrate 
l)one marrow anoxia in polycythemia vera. In this 
respect, our findings arc in agreement with those 
of Berk cl ah However, whereas they umnd no 
significant difference in the mean value of the per- 
centage saturation of Ixme marrow blood in the 
controls and in |xil\’c\’themia vera. our findings 
show a significantly higher value nw the latter. In 
common with Grant and Root (2 ). we confined <>tjr 
atialyses of bone marrow blood <ixvgen content to 


the first several drops of blood appearing in the 
needle. Berk et al. withdrew 5 cc. by syringe in 
their “old” technique and 1 cc. in their “new” tech- 
nique performing analyses upon this blood. It is 
significant that our average value for percentage 
saturation in the controls, 78,7 per cent, was es- 
sentially the same as that obtained by Grant and 
Root in control dogs. The corresponding value 
for normals found by Berk ct al. was 88.6 per cent 
by their “new” method, which is not significant!}' 
different from their value for polycythemias, 87.3 
per cent, nor from our value for polycythemia vera, 
88.6 per cent. If difference in technique accounts 
for the varying findings, it is not clear in the com- 
parison of these results why this difference affected 
only the normals, where we differed by 9.9 per 
cent, while identical figures were obtained in 
polycythemia vera. A possible explanation may be 
that in polycythemia vera the bone marrow is hy- 
perplastic and extraordinarily vascular so that the 
first cubic centimeter of blood brought into the 
syringe may represent lx>ne marrow blood. On 
the other hand, in normal patients, where the bone 
marrow is not hyperplastic nor unduly vascular, 
only a portion of this cubic centimeter may come 
directly from the marrow. The remainder may be 
drawn in from extra-marrow sources. In sup- 
port of this explanation is the fact that in four 
controls, we have found the oxygen content of 
bone marrow blood drawn after the removal of 1 
cc. to be higlier tlian the oxygen content of blood 
obtained before such removal. This finding, how- 
ever, is at variance with the results obtained by 
Grant and Root in dogs, where successive bone 
marrow specimens showed the same oxygen con- 
tent. 

The other difference in technique, namely, that 
Berk cf al. secured a s]xintancous flow of marrow 
blood by having their patients turn to one side 
whereas we induced flow by gentle suction, doc.s 
not, in our opinion, account for the <lifferent results 
because of the dummy e.xperiments perfonned by 
both sets of investig.ators. which showe<l sio cb.angv 
as a result of such maniptilafioiis. 

The percentage saturation of Guw marrow IAk**! 
in polycythemia vera wnuld be higher tl’.an non!'.,'d 
even if the anerial-lsuu- marrow oxegeu flifferer.ee 
were the sriine iti the two g,*'o?!tis. .Xctnallv. the 
A-BM flifferenre w.'i' lower in the t'i'vcvth<-;r.ic 
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group, thus accentuating the dit¥erence in per- 
centage saturation. Ordinarily decreased arterio- 
venous oxygen difference implies increased blood 
flow, provided oxygen consumption is not de- 
creased. Overall oxygen consumption in poly- 
cythemia vera is increased or normal. We are 
aware of no in vivo studies of oxygen consumption 
of bone marrow itself. One would expect an in- 
creased oxygen consumption in hyperplastic mar- 
row. Therefore, increased blood flow compatible 
with an hyperplastic, highly vascular marrow ma}'^ 
be present. This would impart to the circulation 
in the marrow in polycythemia vera a unique 
character since there is evidence that the general 
circulation in this disease is slowed. The theoreti- 
cal possibility remains, however, that oxygen con- 
sumption of bone marrow in polycythemia vera is 
decreased (histotoxic type of anoxia or arterio- 
venous shunting). In this case the low A-BM 
difference would not necessarily indicate increased 
blood flow. 

In agreement with the findings of Grant and 
Root in post-hemorrhagic anemia in dogs we have 
been unable to demonstrate a significant difference 
from the controls in the percentage saturation or 
arterial-bone marrow oxygen difference of a small 
number of cases of pernicious and hypochromic 
anemia. This may be due. in part, to the fact that 
our methods are not sensitive enough to detect 
small differences in the face of great normal vari- 
ation. 

In patients with anoxic anoxia the method was 
adequate to detect low percentage saturation val- 
ues in the bone marrow blood. That they were 
not lower is due possibly to various compensatory 
factors, such as increased blood flow and increased 
oxygen capacity. 

SUMMARV AND CONCLUSIONS 

1. Oxygen content, capacity, and percentage 
saturation of bone marrow blood were determined 
in man in a group of controls and in patients with 
liolvcythemia vera, anemia, and anoxic ano.xia. 
The limitations of the method are discussed. 


2. The percentage saturation of bone marrow 
blood was greater and the arterial-bone marrow 
blood oxygen difference was smaller in patients 
with polycythemia vera than in controls. This 
finding does not support the theory that there is a 
local bone marrow anoxia due to decreased blood 
flow in polycythemia vera, but is compatible with 
either increased blood flow or decreased oxygen 
utilization by tbe marrow in this disease. 

3. No significant differences were found be- 
tween anemias and controls, in a small number of 
cases. 

4. In patients with anoxic anoxia the percentage 
saturation of bone marrow blood with oxygen 
was lower than in the controls. 
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Our earlier oljservations that oral administra- 
tion of glucose would cause a lowering of citric 
acid levels in humans (1, 2) led us to investigate 
the effect of epinephrine on citric acid levels. 

One-half minim of a 0.1% solution of epinephrine in 
water per kilogram of body weight was administered with 
a maximum dose of ten minims to any individual, after a 
12-hour fasting period. Thus all adults and most children 
studied received a dose of 10 minims intramuscularly. 
Serum glucose and citric acid levels were followed at 
short intervals as shown in the charts below. In view of 
the varying response of different individuals, average 
curves were not drawn but representative results are 
shown in Figure 1 for children, and Figure 2 for adults. 
Glucose determinations were carried out by the method 
of Folin and Wu (3) and citric acid determinations were 
carried out as described before (4). This latter method 
has been in routine use in our laboratory for more than 
a year and is in error by less than 5%. 

Comparison of fasting serum levels of citric 
acid with the maximum level reached after epi- 
nephrine administration is tabulated in Table 1. 
Results obtained on the scrum of children and 
adults are averaged together since no significant 
difference was noted lietwcen the two groups. 


TAni.E 1 

Comparison of fasting scrum lei’cls of citric acid zvith citric 
acid Ireels obtained after epinephrine administration 


No. 

AveraRc 

1 AveraRC 

increa-e 

P value 


maximvim 

over 

(astinR TS. 


level 

1 

level 

1 

level 

max. level 

2S 

’’’c-Tc 

2.16 

mr.Cc 

2.85 

.32 

1 

5 X 10-» 


In order to compare these results with the effect 
of in.sulin, similar studies were carried out with 
insulin administered intramuscularly. This type 
of study had been rejmrted before but no curves 

’ Prc'cr.tcd at llu- Movtiiie of the .\nH-rican Cbcmirnl 
SiK'icty at tVavluuctou, D. C- Aueu-t 104 S. 


were shown (1). Figure 3 shows four typical 
curves obtained in this study. 

We have also studied the effect, on citric acid 
levels, of intravenous administration of glucose 
( 5 ) . Figure 4 shows a typical result obtained after 
the intravenous administration of glucose to a 100 
lb. girl (50 mg ./lb.). A total of 5 grams of glu- 
cose dissolved in 25 ml. of water was administered 
within a one-minute period. This curve is in- 
cluded for comparison with the curves obtained on 
intramuscular administration of epinephrine. 

DISCUSSION 

It can be seen readily from Figures 1 and 2, and 
Table I that intramuscular injection of epinephrine 
will cause a rise in citric acid serum levels. This 
is in contradistinction to the effect of insulin 
(Figure 3) or glucose, either orally (1.2) or in- 
travenously (Figure 4), all of whicli cause a low- 
ering of citric acid levels. 

Earlier (2) we reported that certain convulsivcs 
and diabetics res])onded to administration of glu- 
co.se with a rise in citric acid levels rather than a 
fall. We are investigating the possibility that in 
these cases some abnormality exists which results 
in excessive epinephrine secretion during the test. 

A preliminary drop in citric acid levels, from the 
fasting level, was observed in 17 out of the 2S cases. 
The average citric acid level for all cases, 15 min- 
utes after the administration of epinejdirine. was 
3% lower than the fasting level. Statistical com- 
jiarison of this level with the lasting level yielded 
a P value of 0.6 which is not statistically <-ignifi- 
cant. Tims it can be said that no vionificant ri-e 
in citric acid levels occurs v.iihin the nr-t 1."' 
minutes. The rise in glncfi-c U-veK (luring tins 
time (within 15 minutC' i is <lcfiniudy sig:'.itn“n'.;. 
being 5n'’; higher th.nn the fa-ting level. ('(-•’'.p':r- 
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RESPONSE OF CITRIC ACID AND GLUCOSE LEVELS 
TO INTRAMUSCULAR ADMINISTRATION. OF EPINEPHRINE (NORMAL CHILDREN) 



HOURS 

-- " Fig. 1 . Representative Curves Illustrating the Effect of Intramuscular 

~ 7“ — ^Injection of 0.5 Minims/Kilo of Epinephrine on Serum Citric Acid and 

Glucose Levels (Normal Children) 

ing this level with the fasting level a P valvie of lO'" 
is obtained. Thus the response in changes of glu- 
cose levels on administration of epinephrine is 
more rapid than the response of citric acid levels, 
d'hese observations would imply that the action of 
epinephrine, in its efl'ect on citric acid levels, is 
probablv more indirect than the mechanism 
whereby it acts in causing a rise in serum glucose 
levels. 

Other acids like pyruvic and lactic acids which 
are intermediates in glucose metabolism increase 
when glucose, insulin or epinephrine is adminis- 
tered ((>-12). However, the literature is not in 


complete agreement as to the effects of insulin and 
glucose administration on serum lactic acid levels 
(13). . 

Citric acid is distinctive in showing a lowering 
of the serum levels on the administration of insulin 
or glucose but a rise on administration of epi- 
nephrine. 

The observation that epinephrine will cause a 
rise in citric acid levels must be taken into account 
when explaining changes in citric acid levels un- 
der certain abnormal conditions. For example,- 
Lovgren claims that high citric acid levels are 
found consistently in acute allergic states (14). 
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This may be associated with an increase in epi- 
nephrine secretion observed in this condition (IS)'. 

Other substances have been reported as causing 
increased citric acid levels in the blood. Alwall 
(16) reports an increase in citric acid levels with 
prostigmine in man. However, Martensson (17) 
disagrees with these findings and reports no 
change. Differences of this type which appear in the 
literature may be due, in part, to variations in the 
alarm response of patients under the varying con- 
ditions under which the experiments were carried 
out. 

Physostigmine, a compound related in physio- 
logical action to prostigmine, is reported to inter- 
fere with a rise in citric acid levels which normally 
follows injection of calcium lactate (18). The 
action of this drug and others like it which lower 
citric acid levels should be studied in their rela- 


tionship to their anti-epinephrine action and their 
effect on epinephrine secretion. 

Of interest is the observation of Hajdu and 
Korenyi (19) that continuous injection of citric 
acid will cause hypertrophy of the medulla of the 
suprarenals. If the left celiac ganglion is ex- 
tirpated hypertrophy does not occur. The greatest 
concentration of citric acid in the body occurs in 
the suprarenals (20-22). 

Synthalin, a guanidine derivative, causes a low- 
ering of glucose levels in diabetics. This com- 
pound and guanidine itself will produce a rise in 
citric acid levels when injected (23). In view of 
our observations that insulin causes a lowering of 
citric acid levels, it is apparent that synthalin, as 
far as its effect on citric acid levels is concerned, is 
quite different from insulin. It is well known that 
synthalin produces liver damage (24—26). In 




CITRIC ACID 
(MG %) 
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RESPONSE OF CITRIC ACID AND GLUCOSE LEVELS 
TO INTRAMUSCULAR ADMINISTRATION OF INSULIN (NORMAL ADULTS) 



0 12 3 0 12 3 


HOURS 

Fir.. 3. Representative Curves Ieeustrating the Effect of Intramuscular 
Injection of Insulin (Vj Unit/Kilo) on Serum Citric and Glucose Levels 



0/23 

HOURS 
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severe liver damage elevated citric acid levels have 
been reported (27). 

The exact relationship between citric acid and 
endogenous epinephrine levels will be ascertained 
only when a precise and specific method for the 
determination of minute amounts of epinephrine 
becomes available. 

SUMMARY 

Epinephrine administered intramuscularly 
caused a rise in citric acid serum levels in 28 nor- 
mal adults and children. 

Administration of glucose intravenously or in- 
sulin intramuscularly results in a decrease in citric 
acid serum levels. 
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The nature of dietary factors contributing to 
the maintenance of vascular integrity has not, 
as yet, been satisfactorily elucidated. However, 
vitamin C appears to play a specific role (1-3) by 
functioning in some manner to incorporate the vas- 
cular cement substance. The significance of other 
agents in alleviating “vascular purpura” has re- 
mained inconclusive. 

It has been claimed that “vascular permeability” 
is dependent upon regulation by the entire class of 
“vitamin P” substances. Since 1936, the experi- 
mental device of eliminating “vitamin P” from the 
diet of guinea pigs has been the customary ap- 
proach with markedly contradictory observations 
recorded (4—10). Recent investigations in this 
laboratory have utilized a somewhat different 
principle in a study of exogenous agents contrib- 
uting to vascular repair (11, 12). Roentgen ir- 
radiation disease in dogs induces a train of patho- 
logical phenomena secondary to a generalized cel- 
lular disturbance (13). Since a purpura has been 
an invariable feature of controlled roentgen irradi- 
ation, anti-hemorrhagic agents have been consid- 
ered, but vitamins K, C and the B complex and 
calcium have proven ineffective (14). When the 
flavonol glucoside, rutin, was given to 350 r whole- 
body, single-dose irradiated dogs, not only was 
the hemorrhagic diathesis significantly reduced, 
but mortality fell from 60 per cent to 11 per cent 
(11, 12). The control of purpura was achieved in 
the presence of marked thrombocytopenia and 
other tj-pical manifestations of irradiation disease. 

1 This paper is based on work performed under contract 
No. tV-7401-Ewf 49 for the Atomic Energy- Project at 
tlic University of Rochester. The authors gratefully 
acknowledge the continued counsel of Dr. H. Blair, 
Director, and Dr. A. H. Dowdy, former Director, Atomic 
Energy Commission. University of Rochester. 

2 Present address: The New York Hospital and De- 
partment of Medicine, Cornell University Medical Col- 
lege. New York 21. 


Thus, it has been proposed that rutin either de- 
creases the rate of vascular disintegration, or in- 
creases its repair (12). 

The purpose of this report is to summarize 
briefly observations on the activity of other sub- 
stances of the flavonoid and related groups and 
to indicate the relationship of these substances 
with vitamin C in the irradiated dog. 

METHODS 

Dogs of the beagle strain, identical to those utilized in 
the previous study (12) were used throughout. Diet, the 
manner of animal care and recording of observations were 
performed as before. Irradiation and hematological meth- 
ods have already been described (12). The dosage in all 
these studies delivered to the dorsum of the skin of the 
dogs was 350 r. This value was established with each 
irradiation by a direct trial measurement with the Vic- 
toreen ionization chamber. 

The most reliable and consistent basis for evaluation 
of the value of anti-irradiation agents has been a consid- 
eration of the end-mortality of treated and control dogs. 
A statistical analysis with the X^-test indicated the mini- 
mum number of dogs required in the testing of an agent 
to validate a deviation from control mortality. Further, 
this analysis assisted to establish the significance within a 
2-5 per cent probability level. Table I serves to illus- 
trate this consideration. Thus, based on a mortality of 
60 per cent amongst 37 untreated control dogs, an ex- 
perimental mortality of 10 per cent would have a 74 per 
cent chance of detection and validation when 10 dogs were 
used in the trial; 53 per cent when six dogs were used. 
A mortality of 20 per cent would have a 38 per cent 
chance of detection when 10 dogs were tested, 26 per 
cent when using six dogs. 

In view of the limited supply of test animals and of 
some scarce compounds, usually five or six dogs were 
utilized in each trial. Thus, with numbers such as these, 
significance can only be attached to results indicating a 
mortality no greater than one dog in each group of five. 

Test substances were usually given in single doses of 
50 mg. for purposes of direct comparison with results 
obtained with the same dose of rutin. The compounds 
were given orally in gelatin capsules three times daily 
beginning one week prior to irradiation and continuing 
until 28 days post-radiation. The consumption of these 

746 


EFFECTS OF FLAVONOIDS ON IRRADIATION DISEASE 


747 


. TABLE I 

Evaluation of significance of test groups 

Probability of detecting a reduction of mortality from 60 per cent (based on a sample of 37 control animals) when 
the X*-test is used for a test of significance.* 


If tbe significance level for refection of the null hypothesis is: 


If the 
number 
of experi- 
mental 
animaJs 
Is: 


10 - 5 % 


5 - 2 % 


2 - 0 % 


If tbe true mortality of experimentaJ animals is: 



10% 

20% 

30 % 

40 % 

10 % 

\ 

20% 

30 % 

40 % 

10% 

1 

20% 

30 % 

40 % 

6 

53 

26 

12 

5 

53 

26 

12 

S 

0 

0 

0 

0 

8 

81 

50 

26 

11 

81 

50 

26 

11 

43 

17 

6 

2 

10 

93 

68 

38 

17 

74 

38 

15 

5 

74 

38 

15 

5 

12 

97 

79 

49 

22 

89 

56 

25 

8 

66 

27 

8 

2 

15 

99 , 

84 1 

51 1 

22 

94 

65 

30 

9 

82 

40 

13 

3 

20 

100 ! 

91 

61 

25 

99 

80 

42 

13 

96 

1 

63 

24 

5 


* Certain minor inconsistencies result from approximations in the application of X*. 


test substances was facilitated by incorporating the cap- 
sule in approximately 10-20 grams of fresh ground beef. 
The control dogs received an equal quantity of meat three 
times daily. 

EXPERIMENTAL 

Biologic response to irradiation 

When 37 dogs were given the standard total 
body single dose of 350 r roentgen irradiation, 
typical leukopenia, thrombocytopenia and anemia 
were followed by hemorrhagic signs and gross 
bleeding in 64 per cent, while 60 per cent of the 
dogs succumbed in 20 (13-30) days. When the 
flavonol glucoside, rutin, was administered con- 
tinually pre- and post-radiation to 27 dogs, 22 
per cent developed a purpuric tendency and only 
11 per cent died in 21 (16-31) days (Table II). 
A significant change from untreated controls w'as 
a reduction in the hemorrhagic diathesis (11, 12). 
It has already been noted that rutin had little or 
no effect upon the panhematopenia of the irradi- 
ation disease. 

Effect of flavotioids in irradiated dogs 

A variety of substances in the flavonoid series 
have been tested in the standard manner in the 
350 r irradiated dog. These include the flavonol 
glucosidcs liesperidin,^ naringin - and quercitrin,* 

“Furnished by Mr. A. J. Lorenz, Director of the 
l.iboratorics, and Mr. W. E. Baicr, Maragcr, California 
Fruit Growers’ E-xchangc, Ontario, Oilifomi.'u 

* Obt.aineti from S. B.’ Pcnick 5: Co., Xw York. X, Y. 


TABLE II 

"Active" flavonoids influencing the course of 
irradiation disease 


i 

! 

i 

Number of | 
dogs j 

^ J 

Mor- i 
tality 

Survival 

post-radiation 

i 

Exhib- 

iting 

gross 

bleed- 

ing* 


Star/ed 

Suntrrd 

pa- 

cent 

Avaage 

dayi 

Rartir 

days 

tier cent 

Control 

37 

15 

60 

20 

13-30 

64 

Rutin 

27 

24 

11 

21 

16-31 

22 

Hesperidin 

6 

5 

17 

19 

— 

' 100 

Morin 

6 

6 

0 

0 

— 

0 

Homoerio- 

dicti'ol 

5 

5 

0 

0 

. 

20 

Epim-d- 

catechin 

10 

1 9 

1 

10 

* 15 

! •— 

SO 


• This includes even mild gingival oozing and pctechiae 
formation. 


the aglucone, quercitin,“ and the derivatives, epi- 
merized d-catechin,® homoeriodictyol,* hesperidin 
methyl chalcone,® esculin “ and niorin.* Because 
of the distinct differences in protective effective- 
ness observed with these substances it has been 
convenient to classify them roughly as “active" 
and “inactive.” Accordingly, the results of these 
tests are summarized in Tables II and III. Data 

“ Furnished bj' Dr. J. F. Coucli, Eastern Regional Re- 
search Laboratory, U. S. Dcpart.mcnt of Agriculture, 
Philadelphia, Pennsylvania. 

* Furnished tlirough Dr. E. L. Scvringiiaus, HoffrrAnn- 
La Roche, Inc., Xuticy, X'cw Jcriey. 

“Obtained from the },!ercsn:i!r import Ccnrpanv, Xev,- 
York, X. Y. 

'Oblamcd from th.e Eastman K'xL.k C'-mj.ir.y, Rr-:’:- 
estcr. Xc-.v York. 
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TABLE III 

Substances with no activity in influencing the course of 
irradiation disease 



Number of 
dogs 

Mor- 

tality 

Post-radiation 
survival j 

Exhib- 

iting 

gross 

bleeding 


Started 

1 

Survived 

fer 

cent 

Average 

days 

Range 

days 

j>er cent 

Control 

37 

15 

60 

20 

13-20 

64 

Hesperidin 

methyl 




17 



chalcone 

6 

2 

67 

13-22 

100 

Quercitin 

6 

3 

50 

14 

12-15 

67 

Esculin 

6 

3 

50 

15 

13-19 

100 

Quercitrin 

9 

5 

44 

16 

12-22 

78 

Naringin 

6 

3 

50 

21 

17-28 

50 

Sodium 1 







gentisate ■ 

5 

2 

40 

19 

15-22 

80 

Dopa 

6 

3 

50 

14 

12-15 

50 


obtained with the feeding of rutin are given in 
Table II to provide some basis of comparison. 

In brief, it is to be noted that as observed with 
rutin, treatment with hesperidin, epimerized d- 
catechin, homoeriodictyol and morin reduced the 
incidence of hemorrhage and mortality of the ir- 
radiated dogs (Table II). Animals which suc- 
cumbed from the effects of irradiation were grossly 
similar whether or not a flavonoid was given; 
hypoplasia of hematopoietic centers, generalized 
purpura and visceral hemorrhages were always ob- 
served. In general, dogs which survived exhibited 
fewer and smaller induced petechiae. The results 
from careful hematological studies can be sum- 
marized as follows; averaged values from dogs 
treated with the substances listed in Table III were 
identical with those of the untreated dogs while 
the changes seen in the peripheral blood of dogs 
given the compounds in Table II resembled those 
recorded for rutin-treated irradiated dogs (12). 
In the latter, the significant differences observed 
were a reduced rate of anemia formation, an in- 
crease in erythroblasts and nucleated red blood 
cells, and a significantly lower sedimentation rate. 

Effect oj other agents in irradiated dogs 

Since flavanones can be degraded in vitro to a 
benzopyrone, it appeared possible that the latter 
type of compound might retain certain of the anti- 
irradiation effects of the parent flavonoids. Ac- 
cordingly, coumarin * was selected as an illustra- 
tive compound and tested in the usual fashion. Of 
six dogs, only two (33 per cent) succumbed 15 


(12-19) days after irradiation with some reduc- 
tion in hemorrhagic tendencies. 

In vitro tests (15) have indicated that members 
of the “vitamin P” group are effective in inhibiting 
the activity of hyaluronidase. A suggestion was 
entertained that increased hyaluronidase activity 
in the roentgen irradiation disease might induce 
certain features of the vascular dysfunction and 
“disintegration” (16).” This was fortified by re- 
ports that “vitamin P” compounds possessed anti- 
hyaluronidase activity in in vitro tests (15). The 
recent note of Meyer (17) of potent hyaluronidase 
inhibitors in the quinoid structures raised the pos- 
sibility that these substances might also influence 
the course of irradiation disease. Thus, 3, 4-dihy- 
droxyphenyl alanine (dopa) ® and sodium genti- 
sate ® were tested in the standard manner and the 
data are summarized in Table III. Although only 
two of five dogs (40 per cent) treated with sodium 
gentisate succumbed, the surviving animals were 
critically ill. It is to be noted that in so small a 
test series, the fate of one animal will influence the 
mortality by 20 per cent. In no significant man- 
ner did the hyaluronidase inhibitors influence the 
course of irradiation disease in dogs. 

Effect of ascorbic acid on the anti-irradiation ac- 
tivity of vitamin P compounds 

Twelve dogs were given 100 mg. of 1-ascorbic 
acid orally three times daily beginning one week 
pre-radiation, and after the standard exposure to 
350 r the test substance was given four additional 
weeks (12). Six dogs (50 per cent) succumbed 
after 12-14 days post-radiation and the clinical 
course and hematological data of all animals were 
identical to the control irradiated dogs (Table IV) . 
Subsequently this treatment, which had been in- 
effective in itself, was combined with the substances 
selected from the “inactive” list in Table III. 
These were hesperidin methyl chalcone and quer- 
citin. Thus, 100 mg. of ascorbic acid plus 50 mg. 
of hesperidin methyl chalcone were given orally 
three times daily to five dogs, and 100 mg. of as- 
corbic acid plus 50 mg. of quercitin were given to 
10 dogs. The medication was continuous through- 

In other studies, we have observed that neither irradi- 
ation disease nor rutin nor a combination of both, produced 
an alteration in the urinary excretion of hyaluronidase from 
the dog. Incubating dog blood with hyaluronidase re- 
sulted in no hematological changes. 
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TABLE IV 

Effect of supplementing ascorbic acid with inactive jlavonoids 
on the course of irradiation disease 



Number of 
dogs 

Mor- 

tality 

! 

Survival 

post-radiation 

Exhib- 

iting 

gross 

bleeding 


Sfarled 

Survived 

per 

cent 

Average 

days 

Range 

days 

per cent 

Control 

37 

IS 

60 

20 

13-20 

64 

Ascorbic 

acid* 

12 

6 

50 

13 

12-14 

100 

Ascorbic 
acid plus 
quercitin 

i 

] 

10 

9 

10 

11 


70 

Ascorbic 
acid plus 
hesperidin 
methyl 
chalcone 

1 

5 

! 

1 

1 

i 

80 

19 

17-21 

80 


* 100 tng. by mouthy given three times daily beginning 
seven days before irradiation and thereafter for 28 days. 


out in the usual manner from one week pre- 
radiation to four weeks post-radiation. The results 
of these tests are summarized in Table IV. The 
hematological data from all groups listed in this 
table were very similar. 

DISCUSSION 

It has been suggested that the inconsistencies 
in the past studies on “vitamin P” have arisen pri- 
marily because the need for this agent is not easily 
demonstrated under normal physiologic circum- 
stances. Another complication encountered has 
been the derivation of an adequate diet free of the 
universally distributed flavonoids. A further de- 
terrent has been an ignorance of the species re- 
quirements for "vitamin P.” Certainly, the latter 
has been a formidable obstacle in the program of 
this laboratory and to date, consistent data have 
been obtained only with the dog but not wdtli the 
rabbit, rat, guinea pig or mouse.'® 

The technique of acute whole-body, mid-lethal 
irradiation in the dog produces predominantly a 
vascular derangement detectable most directly in 
the clinical course of the animal. Autopsy has 
demonstrated the existence of multiple wdespread 
\ascular lesions although the usual histopathologi- 
cal examination of vessels in the irradiated tissues 
has not revealed the origin of the disintegration. 
The nature of a true “vascular purpura” is discus- 
sed by Hiramatsu (IS). He differentiates this 

'® Field. J. B., and Rekers, P. E. To be published. 


state from a "purpura of the blood” which in- 
cludes a thrombocytopenia and presumably the ex- 
istence of any anticoagulant such as heparin (14). 

In the course of these studies with the flavanones 
it has been observed that neither is the course of 
the usual post-radiation panhematopenia and se- 
vere thrombopenia altered significantly by pro- 
tective flavonoids, nor has it been observed that 
these agents inhibit heparin." Thus, it might ap- 
pear that these agents affect the vascular system 
directly, perhaps participating as a principal in 
the "wear and tear” of a part or all of the vascu- 
lar system, inhibiting its degeneration and either 
stimulating, or being incorporated in, its regener- 
ation. In support of this proposition is the ob- 
servation that the process of vascular disintegra- 
tion together with universal cellular catabolism and 
necrosis are accelerated in the irradiated animal. 
It appears that the "strain” of repair elicits the 
positive anti-hemorrhagic effects of the flavonoids 
in the mid-lethal irradiated dog when the usual 
dietary complement of these agents becomes inade- 
quate. 

“Vitamin P” has been identified as a wide va- 
riety of flavonoid compounds in the past (4, S, 19- 
21). Claims of activity have been made for many 
of the substances included in the present report. 
Eventually our present program envisions the 
“screening” of an even larger number of com- 
pounds with the dog irradiation technique and the 
results of these tests will be given on subsequent 
occasions. Howe\'er, it appears that the following 
flavanones possess in common, an approximately 
equal capacity to protect the 350 r x-irradiated 
dog; they are rutin, hesperidin, epimerized d-catc- 
chin, homoeriodictyol and morin. It is quite pos- 
sible that there exists a considerable qualitative and 
quantitative variation of anti-hemorrhagic capacity 
amongst these substances. However, it would be 
hazardous to draw anything but limited conclusions 
from the present data. The purpose of this report 
is simply to identify compounds which have "pro- 
tected” the irradiated dog under given specific 
conditions. 

Since the “active” agents possess the same fun- 
damental flavanone structure it appeared incon- 

" Heparin will increase the Jedimcntali-vn rate of Wsx^l. 
and althoni^h mlin in and in *itro reduces incrcare-1 
redinientation rates, it <k-ef not afTecl the !<ro!cc.zH o>- 
aRubtion time of heparinired 
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sistent that other very similar compounds and 
flavonol glucosides as quercitrin and naringin failed 
to influence the course of irradiated dogs. Par- 
ticularly disappointing was the performance of 
quercitin, the aglucone of rutin. With the latter 
substance only 1 1 per cent of the dogs succumbed 
to the effects of irradiation. Given quercitin, 50 
per cent of the dogs died with severe irradiation 
disease. Thus, the demonstration of the synergis- 
tic action of ascorbic acid when given concomitantly 
with quercitin, which reduced mortality to 10 per 
cent, is of considerable interest. The inter-rela- 
tionship of vitamin C and “vitamin P” has been 
sharply debated. Zilva (8) indicated that ascorbic 
acid alone would maintain capillary repair while 
Szent-Gyorgyi suggested that ascorbic acid prob- 
ably exerts a catalytic effect potentiating the action 
of “vitamin P.” The present data support the lat- 
ter view and it may be predicted that supplemen- 
tary treatment with ascorbic acid may potentiate 
an anti-hemorrhagic action of other flavanones as 
naringin and quercitrin reported at present as 
“inactive.” Study of this problem is in progress. 

Apparently degradation of the parent flavanone 
molecule sacrifices anti-hemorrhagic activity. 
Thus, esculin and hesperidin methyl chalcone 
failed to “protect” irradiated dogs even when 
ascorbic acid supplemented the chalcone in one 
test. These findings are in disagreement with re- 
ports of high “vitamin P” activity for these sub- 
stances as derived through indirect assay methods 
(20, 21), or when petechiae formation was meas- 
ured in rats wdth a thrombocytopenia resulting 
from treatment with an anti-platelet serum (22). 
Two of the six dogs (33 per cent) given coumarin 
succumbed compared with a mortality of 60 per 
cent in untreated dogs. Until a larger series of 
dogs is tested, this result cannot be interpreted as 
any more than a suggestion that a molecule smaller 
than the flavanones may “protect” irradiated dogs. 

The possibility that the “spreading factor,” hy- 
aluronidase, plays a role in the course of roentgen 
irradiation disease and may be implicated “in ac- 
centuating capillar)' fragility rather than induc- 
ing direct change in capillar)' permeability” (16) 
appears unlikely. This impression is supported 
by the failure of potent hyaluronidase inhibitors 
as dopa and sodium gentisate to influence the 
course of irradiation disease. Contrar)' to other 


claims (15) that “vitamin P” inhibits hyaluroni- 
dase, neither has the administration of large quan- 
tities of flavonoids had any effect on the hyaluroni- 
dase levels in the urine of the normal dog nor have 
preliminary tests implicated hyaluronidase in the 
evolution of roentgen irradiation disease of dogs. 

SUMMARY 

1. Exposed to 350 r single-dose, total-body x-ir- 
radiation, 60 per cent (22 of 37) untreated control 
dogs succumbed with a prominent hemorrhagic 
syndrome. Five flavanone substances appeared 
roughly of equal activity in reducing the hemor- 
rhagic signs of the irradiation disease when ad- 
ministered continuously pre- and post-radiation. 
When rutin was fed, 11 per cent (three of 27) of 
the dogs succumbed; with hesperidin, 17 per cent 
(one of six) ; with epimerized d-catechin, 10 per 
cent (one* of 10) ; and with homoeriodictyol none 
of five and with morin, none of six irradiated dogs 
succumbed. 

2. Other flavonoids and their derivatives did not 
significantly reduce either the mortality or hemor- 
rhagic changes in irradiated dogs. These included 
hesperidin methyl chalcone, esculin, quercitin, 
quercitrin and naringin. With the benzopyrone, 
coumarin, 33 per cent (two of six) of the dogs suc- 
cumbed suggesting slight anti-irradiation activity. 

3. Ascorbic acid alone failed to influence the 
course of irradiation disease and 50 per cent (six 
of 12) of treated dogs died. However, when as- 
corbic acid was given simultaneously with quer- 
citin which by itself was ineffective (50 per cent 
mortality), only 10 per cent (one of 10) dogs suc- 
cumbed exhibiting reduced signs of the disease. 
No increase in protective activity occurred when 
ascorbic acid and hesperidin methyl chalcone were 
given together. 

4. It is suggested that previous misunderstand- 
ing of the nature of “vitamin P” has arisen from 
both the failure to recognize that several flavonone 
analogues possess very similar anti-hemorrhagic 
“activity” and that ascorbic acid has the capacity 
to potentiate “activity” in other flavanones. 

5. Potent hyaluronidase inhibitors as dopa and 
sodium gentisate failed to influence the course of 
irradiation disease in dogs. It is suggested that 
the “spreading factor,” hyaluronidase, plays little 
or no role in the evolution of this disorder. 
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INTRODUCTION 

In 1940 T’ang and Wang (1) measured the 
erythrocyte sedimentation rate and the plasma 
viscosity in 176 cases of pulmonary tuberculosis 
and 56 cases of tuberculosis of other organs. 
These writers concluded from their data that the 
plasma viscosity determination may be a more sen- 
sitive test for activity of tuberculosis than the sedi- 
mentation rate. 

Independently, in 1942, Whittington (2) in a 
study of the mechanics of the erythrocyte sedimen- 
tation rate suggested that this procedure might 
with advantage be replaced by plasma viscosity 
measurements. 

The method was tried on 63 tuberculous patients 
by Miller and Whittington (3) who found that the 
plasma viscosity was a more reliable index of the 
clinical condition than the erythrocyte sedimenta- 
tion rate. The general findings of the latter paper 
were confirmed by Houston, Harkness and Whit- 
tington (4) and by Harkness, Houston and 
Whittington (5) after 645 estimations of the 
plasma viscosity — 223 of these were of pulmonary 
tuberculosis ; 385 were of a variety of diseases and 
37 were of normal persons. Although these data 
indicate that the plasma viscosity is significant in 
following the course of persons with pulmonary 
tuberculosis, they show emphatically that the test 
is non-specific. 

For the past 20 years the accepted laboratory 
method of estimating the general reaction of rheu- 
matic diseases has been the erythrocyte sedi- 
mentation rate. From this earlier experience, a 
trial of the plasma viscosity test in rheumatic dis- 
eases also seemed desirable. Cowan and Harkness 
(6) have reported 320 viscosity estimations made 
at the Royal Infinnary, Sunderland, in various 
rheumatic diseases. They found that the viscosity 
test was much more reliable than the eiythrocj’te 
sedimentation rate, and that the measurements of 


viscosity appeared to be a promising method of in- 
vestigation in rheumatic diseases. 

Woodmansey and Wilson (7) have reported 
similar findings. While Race (8) believes that in 
the more severe clinical conditions the plasma vis- 
cosity test is superior to the erythroc 3 d;e sedimenta- 
tion rate, he considers that the erythrocyte sedi- 
mentation rate may be the more sensitive in detect- 
ing the earliest changes in rheumatic disease. 

The statistics of the present paper are based on 
the results obtained up to the end of February 1948, 
at Sunderland, and to the end of December 1947, at 
the Crossley Sanatorium (Table I). 

So far as we know, the subject of plasma vis- 
cosity has not yet been discussed in the American 
literature : our results are, therefore, presented in 
order that readers in the United States can form an 
opinion on what we consider to be the most useful 
of the physical, non-specific laboratory estimations. 

METHODS AND MATERIALS 
I. Methods 

The type of viscometer that we have used throughout 
our tests is accurate to about one part in 500, and re- 
quires only about 0.7 ml. plasma for each test. This is 
the Whittington viscometer, of which a full specification 
has already been published (4), together with the details 
of calibration and operation. Like the original large- 
capacity Ostwald type of instrument (of which it is a 
modification) this viscometer requires a waterbath and a 
stop-watch as additional apparatus. 

As anticoagulants, our experience with sodium citrate 
solution, potassium oxalate, mixed oxalates and heparin 
leads us to believe that the present choice lies between 
the 3,8% aqueous solution of sodium citrate (1 volume 
solution: 4 volumes blood) and the Heller and Paul 
mixture (9) of potassium and ammonium oxalates as 
used for the Wintrobe erythrocyte sedimentation rate. 

The range of normality with 3.8% sodium citrate solu- 
tion is both absolutely and relatively narrower than with 
oxalate; thus the differentiation between normal and 
pathological is easier with the citrate technique. It has 
the disadvantage that the proportion of citrate solution 
to plasma depends on the volume of erythrocytes present 
since a given volume of whole blood is added to a fixed 
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TABLE I 

Number of plasma viscosity estimations 


Laboratory 

(Anticoagulant) 

3.8% Sodium Citrate Solution 

(Anticoagulant) 

Heller & Paul's Ojcalate Mixture 

Total 

1 Normal 

i 

Pulmonary 

tuberculosis 

j Other 

Total 

1 Normal 

Rheumatic 

1 disease 

1 

Other 

I 

Total 

Crossley Sanatorium, Frodsham 

1 14 

499 

1 

513 



— 

— 

513 

Royal Asylum, Montrose 

19* 

134* 

268* 

421* 


■bB 

255* 

264* 

685* 

Royal Infirmary, Sunderland 

4t 

23 

37t 

64t 

47t 

750 

169t 

966t 

l,030t 

Total 

37 

6S6 

305 



750 

j 

424 

l,230*t 

2,228* t 


* 264 tests were performed using both Sodium Citrate and Mixed Oxalates. 
1 27 tests were performed using both Sodium Citrate and Mixed Oxalates. 


volume of citrate solution. It is therefore necessary to 
make an accurate hematocrit estimation followed by an 
empirical correction to the observed plasma viscosity, so 
as to allow for the proportion of citrate solution diluting 
the plasma in a given case. 

The oxalate results are satisfactory for most clinical 
purposes. As the volume of blood to be added to the 
prepared bottle is not critical, it is certainly the method 
of choice where the collection of blood is undertaken in 
imperfect conditions, such as in a busy out-patient depart- 
ment. Also, it is convenient to estimate the plasma vis- 
cosity on a portion of a sample of blood removed for 
other hematological investigations. 

When examining such colloidal solutions as plasma, 
serum, etc., the “viscosity" value depends on the dimen- 
sions of the particular individual viscometer. The dif- 
ferences between two viscometers with the same plasma 
may be considerable. It is essential therefore to stand- 
ardize the viscometers to a common standard. The meth- 
ods of standardization have been discussed elsewhere (4, 
10 ). 

Quarter-ounce (7 ml.) capped bottles arc prepared for 
5 ml. of blood by evaporating in an incubator 02 ml. of 
an aqueous solution containing 2% potassium oxalate and 
3% ammonium oxalate. Five ml. (±0.5 ml.) of venous 
blood, drawn with minimal stasis, is added. The con- 
tents arc mixed by gentle rocking to avoid the formation 
of froth. In the laboratory the blood is centrifuged to 
separate the plasma. One ml. of the plasma is pipetted 
intofn^small evaporating dish, the viscometer is filled, 
and thd- viscosity is estimated as detailed previously (4). 
While it is preferable to complete the estimation as soon 
as possible, serial testing has shown that delay of as much 


as five days in some instances has not altered the viscosity 
results. 

When sodium citrate is used as the anticoagulant, 2 ml. 
of a 3.8% aqueous solution is pipetted into a 10-ml. 
volumetric flask or a centrifuge tube graduated at 10 ml. 
Venous blood is added exactly to the mark and gently 
mixed. A sample is removed for hematocrit estimation. 
The remainder is treated as for the oxalate blood above. 
An empirical correction has to be applied to this viscosity 
to make allowance for the variation in the plasma-citrate 
mixture due to anemia. A nomogram for this correction 
has been published (4). 

On the basis of the complicated inter-relationship of 
the citrate plasma viscosity to the maximum citrate 
erythrocyte sedimentation rate the viscosity range has 
been divided into 11 zones. These zones are of special 
interest with reference to pleural effusions. The limits 
of the zones are in Table II. 

II. Patient Material 

(o) Tuberculous patients: Clinical grouping of the 
patients is based on a recent Ministry of Health circular 
(11) which can be briefly summarized as follows; 

A-category: patients in whom tubercle bacilli have 
never been discovered. 

B-categoo" patients in whom tubercle bacilli have 
been demonstrated at some time. 

Each category' is subdivided as follows; 

Group 1. Slight or no constitutional disturbance: 
physical signs and radiological findings of very lim- 
ited extent: no complications (tuberculous or other) 
of prognostic gravity. 


TABLE II 

Division of citrate plasma viscosity rar.^e into zones 


Zot\t 

Number 

IB 


! 

3 

1 

< 

5 

1 

1 ^ 

7 

1 1 
1 ® - 1 

i 

9 

10 

tl 

Range 

1.400 

1.515 

1.S15 

1.55S 

1.555 

1.555 

i 

1.585 

1.671 

1.071 

1.69S 

1.09S 

1.702 

1.702 

1.832 

1 

B 

■ 

1.003 ! 
2.038 

2.03S 
and over 
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TABLE III 


The plasma viscosity in rheumatic conditions 



Number 

Plasma viscosity 

Average 

packed 

ceil 

volume 

Average 

Average 

total 

plasma 

protein 

Condition 

of 

tests 

Usual range 

Average 
of series 

Wintrobe 

E.S.R. 

Normal 

56 

(43)* * * § 

1.700-1.950 

(1.700-1.950) 

1.835 

(1.853) 

per cent 

44.6 

(42.9) 

mm.jhr. 

f. per cent 

7.12 

(7.15) 

Rheumatic fever 

Acute 

Chronic 

16 

11 

2.250-2.900 

2.025-2.250 

2.449 

2.091 

36.1 

40.1 

45.3 

21.0 

7.80 

7.85 

Rheumatoid arthritisf 

Residual deformity only 

23 

(8) 

1.740-1.990 

(1.740-1.990) 

1.909 

(1.909) 

41.9 

(41.8) 

15.0 

(19.8) 

7.24 

(7.40) 

Chronic 

387 

(154) 

1.950-2.300 

(1.950-2.300) 

2.119 

(2.121) 

42.2 

(42.6) 

24.7 

(25.2) 

7.77 

(7.30) 

Subacute 

79 

(22) 

2.300-2.550 

(2.300-2.550) 

2.506 

(2.513) 

41.1 

(40.8) 

34.6 

(36.1) 

8.56 

(8.50) 

Acute 

29 

(16) 

2.500-3.600 

(2.500-3.400) 

3.002 

(2.897) 

39.9 

(38.8) 

35.9 

(38.8) 

i 9.50 
(9.54) 

Infective polyarthritis (atrophic)t 

Chronic 

Subacute 

58 

8 

1.850-2.300 

2.450-2.700 

2.067 
2.550 ■ 

43.6 

38.4 

20.7 

30.4 

7.64 

8.44 

Chronic hypertrophic osteo-arthritis§ 

IBQii 

1.875-2.075 

(1.875-2.075) 

1.929 

(1.921) 

43.9 

(44.1) 

13.4 

(8.5) 

7.38 

(7.31) 

Non-articular rheumatism || 

16 

(10) 

1.725-1.950 

(1.725-1.950) 

1.888 

(1.896) 

45.3 

(46.3) 

7.8 

(6.7) 

7.23 

(7.34) 

Still’s disease 

7 

2.050-2.850 

2.352 

34.2 

45.0 

8.01 

Gout 

11 

1.800-2.300 

2.051 

44.0 

23.8 

7.65 

Atrophic spondylitis 

14 

1.750-2.300 

1.983 

44.1 

13.0 

7.40 


* The figures within the parentheses are the statistics for the first 320 tests in Rheumatic Diseases, as previously 
published (Cowan and Harkness [6]). ’ ^ 

t Rheumatoid arthritis — synonym, Atrophic polyarthritis. 

i Infective polyarthritis (atrophic) — cases of atrophic polyarthritis where there is a definite focus of infection 
c.g. in a nasal sinus, which is related to the arthritic condition. ’ 

§ Chronic osteo-arthritis — synonym. Hypertrophic, degenerative osteo-arthritis. 

II Non-articular rheumatism — synonym, Fibrositis, Bursitis, Panniculitis, Periarthritis, Myalgia, etc. 


Group 3. Profound systemic disturbance or constitu- 
tional deterioration, and marked impairment of func- 
tion, cither local or general. All cases with grave 
tuberculous or non-tuberculous complications are 
placed in this group. 

Group 2. All cases which cannot be placed in Group 
1 or Group 3. 

The Ministrj- of Health grouping is made on admission 
and it is not established practice to revise downward any 
such grouping in the case of a recovering patient. How- 
ever, an A-catcgor>- patient would be transferred to the 
B-category if tubercle bacilli were demonstrated at any 
time during the course of treatment. 

(h) Rhciirr.atic patients: These patients were classified 
a< in Table III under “condition." 


RESULTS 

I. In Tuberculosis 

Figure 1 shows the distribution of average vis- 
cosities in 330 tests on 289 individuals (including 
37 controls). During the period since our last 
publication of results for pulmonary tuberculosis 
(4) we have performed 275 viscosity tests on 
tuberculous patients.^ 

When interpreting Figure 1, it must be borne in 
mind that the viscosity values are only averages. 
If, for example, a sufficient number of B.2 sana- 

^All results in this part are for citrate plasma. 
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torium cases be tested, the average of their \'is- 
cosities will probably be found to be about 1.746. 
Nevertheless, the graph shows how, on the whole, 
the viscosity increases with the spread of disease, 
since the average viscosities rise fairly steadily 
from the normals to the most adranced (B.3) 
catcgor}-. 

Tlie graph does not show, of course, how the 
viscosities of recovering patients ultimately return 


to the normal range, but we now have sufficient 
experience to be able to state definitely that this 
is so in the patients discluargcd w’thout physical 
signs. 

Where the disease ends fatally, we have ob- 
served a terminal phase in whidi the final advances 
of the disease are accompanied by a fall in viscos- 
ity towards the normal range. Tijis phenomenon 
has been termed “terminal decay." 
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In Figure 2 we show the distribution according in viscometric zone 7 (1.762 to 1.832), and 32 
to the citrate plasma viscosity zones of those cases (76%) are in zones 6 to 8. These results suggest 
with definite clinical and radiological evidence of that zones 6 to 8 form a region in which it is highly 
the production of clear pleural fluid at the time probable that exudative cases will lie. 
when the blood was removed for the test. Forty- It has been our experience that if a pleural ef- 
two tests on 32 patients are given: 22 (52%) are fusion be aspirated while the viscosity is in zone 7, 



3- S, (i. 7. •. to. tl. tt. 


VISCOSITI ZONE NUMBER [v, CITRATE) 


Fig. 2 
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the fluid reforms at once. In other cases whose 
viscosities are either above or below zones 6 to 8, 
fluid does not reform after aspiration, although if, 
later, the viscosity should return to the critical re- 
gion, the fluid may reform. 


No physical explanation of this phenomenon can 
yet be attempted ; but it appears to be of potential 
importance in the management of pleural effusions, 
especially as a complication of artificial pneumo- 
thorax. 



DISTRIBUTIOH OF AVERAGE VISCOSITIES 

eirritcMT a»iti ce^tviAiiTt m tmi *iii*te 
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AVERAGE PLASMA VISCOSITIES AND SEDIMENTATION RATES 
(i«« CLINICAL S E V E R I T I E . I N RHEUMATOID ARTHRITIS, 

Fig. 4 


It is of interest to report that in our only case 
of tuberculous pericarditis the fluid was formed 
when the plasma viscosity was in the critical zone 
6 to 8 range, 

11. In Rheumatic Disease " 

From our experience with more than 750 tests 
in rheumatic disease, the results can be sum- 
marized as follows: 

(fl) In every case in which the plasma viscosity 
was raised to an abnormal level (above 1.950) 
an underlying organic cause was ultimately found. 

{b) In rheumatic fever, the plasma viscosity 
increased as the disease progressed and decreased 
during recovery. If, during recover}', the nature 
of the disease process changed from an acute to a 
chronic type, the change was shown by the cessa- 
tion of fall or even by a rise in the plasma viscosity ; 
the viscosity was a more sensitive index of this 
change than the temperature, pulse or erythrocyte 
sedimentation rate. 

- .'Ml result's in tin's part .are for oxalate plasma. 


(c) In rheumatoid arthritis the increase in the 
plasma viscosity was roughly in proportion to the 
severity of the pathological changes in the loco- 
motor system and to the systemic reaction. 

The viscosity values changed with variation in 
the clinical condition. It required but slight 
changes clinically to produce significant alterations 
in the viscosity. With clinical improvement the 
viscosity values approached those found in nor- 
mal persons. 

In many instances where the plasma viscosity 
was raised, the erythrocyte sedimentation rate 
was within normal limits, yet clinically the disease 
process was active. Conversely, in many cases 
where residual deformity remained and there was 
no other indication of systemic upset, the erythro- 
cyte sedimentation rate remained elevated while 
the viscosity had returned to the normal range. 

Figures 3 and 4 present graphically the results 
given in Table III, indicating the increase of the 
plasma viscosity with increasing severity of the 
disease. Figure 4 emphasizes the inability of the 
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erythrocyte sedimentation rate to differentiate 
between subacute and acute conditions. 

(d) In cases of non-articular rheumatism where 
there appears to be no systemic reaction, the 
plasma viscosity values remain within normal lim- 
its. 

(e) With chronic hypertrophic osteo-arthritis, 
there were indications of little or no systemic re- 
action and this was reflected in the viscosity results. 

(/) The findings of the other groups of the 
rheumatic diseases are given in Table III and 
Figure 3. 

CASE HISTORIES 

I. Tuberculosis 

Case C. 280, a female, aged 30, was admitted to the 
Crossley Sanatorium on July 23, 1946, with extensive 
tuberculous infiltration of the upper third of left lung, 
with cavitation, and slight infiltration of right outer 
infraclavicular region. 


This patient received routine sanatorium treatment for 
two months, resulting in improved general condition. 
Left artificial pneumothorax was induced (Day “minus 
38” — chart reference). Following persistent nose-bleed- 
ing, the blood-clotting time was estimated and found to 
be considerably above normal. She was given 60 mgs. 
water-soluble Vitamin K analogue daily (Day “11”). 
At routine screening of the chest a minimal effusion in the 
left costo-phrenic angle was noted (Day “minus 4”). 

The various laboratory tests carried out, beginning at 
Day 0, are plotted in Figure 5. Day 81, left internal 
pneumolysis : three band-adhesions found, two divided 
and one to the third rib partially divided. On Day 122, 
the effusion had spontaneously cleared, the cavity re- 
mained patent. On Day 214, second internal pneumoly- 
sis : as much as possible of the third adhesion was divided. 
Left effusion developed at once after operation; and 60 
ml. of clear fluid were aspirated on Day 221. This left 
a very small effusion in the costo-phrenic angle, which 
had cleared spontaneously by Day 269. The cavity was 
closed by Day 293 and thereafter clinical progress was 
uneventful. 
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This case illustrates several points which we feel are 
worth discussing. A glance at the chart shows three 
obvious peaks. All three peaks have definite clinical 
significance. Peaks 1 and 2 are related to internal 
pneumolysis, while the third peak is probably a reaction 
to increasing hours of exercise. 

A most interesting feature of peak 1 is that the rise 
in viscosity was first noticed on Day 73, eight days before 
the operation, and this rise continued steeply on Day 77, 
as shown. The patient was informed some time between 
Days 69 and 73 that adhesion-section would be performed 
on Day 81 ; and fear of the proposed operation is sug- 
gested as the cause of the pre-operational rise. A similar 
explanation is offered for the pre-operational rise at 
peak 2. 

In support of these observations, we would refer to the 
findings of Macfarlane and Biggs (12) who have inves- 
tigated the occurrence of fibrinolysis associated with 
trauma. They found that in some cases “fear of im- 
pending operation” appeared to cause positive results. 
They also drew attention to parallel observations made 
by Latner (13) who recorded fibrinolysis in normal sub- 
jects during air-raids. 

We feel that the rise shown by the last few readings 
may also have a psychological explanation, since the 
patient was notified on Day 374, after many months of 
sanatorium sojourn, of her actual “discharge date.” 

These phenomena appear to show that the plasma vis- 
cosity can be an extremely sensitive index of a patient’s 
condition. 

The occurrence of pleural effusion is shown hatched 
on the viscosity chart. The initial effusion was observed 
at Day "minus 4,” so that we have no record of the 
viscosity reading at the time of production of fluid. The 
amount of fluid present as observed radiologically did not 
appear to increase after Day 0, despite the fact that the 
plasma viscosity passed through zones 6 to 8 prior to and 
following the pneumolysis. Later, however, as the vis- 
cosity felt further the effusion cleared spontaneously by 
Day 122. From this point until the second pneumolysis, 
the pleural cavity remained dry. Immediately after this 
operation when the viscosity was within zones 6 to 8, a 
second effusion occurred. This was aspirated on Day 221 
when, according to the graph, the viscosity was in zone S ; 
and apart from the small residuum left at aspiration, no 
further accumulation of fluid took place. By Day 269, 
the pleural cavity was dry. 

II. Rltcuviatic Diseases 

1. Acufc Rheumatic fa^’cr. Three weeks before ad- 
mission to the hospital, B. R., a male, aged 42 years, 
had a sore throat which was followed eight days later by 
c!evat«l temperature, joint pains and other evidence of a 
classical attack of acute rheumatic fever. Salicylates 
were administered in doses sufficient to cause buzzing in 
the ears, witli only partial response. The patient was 
admitted to the hospital on July 22, 1947. 

Sextium salicylate internally and methyl salicylate 
Iccilly to tlic painful joints were continued until .-August 


13, 1947, when the sodium salicylate was discontinued 
(because of toxic symptoms) and replaced by calcium 
aspirin. The plasma viscosity and the erythrocyte sedi- 
mentation rate on August 12, 1947, showed a moderate 
reaction. The alteration in treatment was followed im- 
mediately by an acute recurrence of joint pains, elevation 
of temperature, sweating, etc., and this worsening was 
reflected in the increase of viscosity of August 18, 1947, 
while the erythrocyte sedimentation rate showed an ap- 
preciable reduction. 

On August 17, 1947, the sodium and methyl salicylate 
were resumed. On August 23rd, while the patient was 
receiving large prophylactic doses of penicillin, some 
decayed teeth were removed. Thereafter improvement 
was continuous until his discharge on September 11, 
1947 (to rest at home). Again the improvement was 
reflected in the plasma viscosity changes ; the erythrocyte 
sedimentation rate rose inexplicably on August 25th, 
thereafter also mirroring the clinical improvement. 


Date 

P.C.V. 

(%) 

Plasma 

Plasma 

Maximum 

citrate 

viscosity 

protein 
{g.ltOO ml.) 

E.S.R. 

(mm./ftr.) 

8-12-47 

41.2 

2.186 

7.34 

55.7 

8-18-47 

38.5 

2.228 

7.13 

41.2 

8-25-47 

39.0 

2.183 

7.42 

43.5 

9- 4-47 

41.4 

2.107 

7.24 

35.1 

9-11-47 

41.3 

1.997 

6.91 

28.8 

1- 9-48 

47.2 

1.895 

6.95 

7.4 


When the patient reported three months later to the 
* out-patient department both tests had returned to normal 
values ; there was no clinical indication of activity ; there 
was no evidence of cardiac involvement by the disease. 

The plasma viscosity here appears to be a useful index 
of the pathological processes occurring in the patient. 

2. Chronic Rheumatoid Arthritis. O. G., a female, 
aged 25 years, gave birth to a normal healthy baby in 
July, 1946. Three months later she began to complain 
of pain and stiffness of the small joints of the fingers, 
and then of a tendency towards ulnar deviation of the 
fingers at the metacarpo-phalangeal joints. Gradually 
pain and swelling developed in both knees, and there was 
swelling of the right ankle joint. 

There was fusiform swelling of the small joints of the 
fingers, ulnar deviation at the metacarpo-phalangeal joints, 
periarticular thickening of both wrists with limitation of 
dorsiflexion of the right wrist; both knees were hot and 
swollen, and there was limitation of flexion of the right 
knee by 20®; the right ankle was “puffy” and painful, 
although there was full range of movement. General 
medical examination revealed no focus of infection; urine 
showed no abnormality; skiagram of chest was negative. 
Skiagrams of the involved joints showed changes typical 
of rheumatoid (atrophic) arthritis. The picture was 
typical of a case of chronic rheumatoid arthritis of some 
months' duration. 

She had been confined to bed at home for eight months 
prior to admission to hospital on July 2, 1947, when her 
blood test gave the following results: 
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Date 

7-2-47 


P.C.V. 

(%) 

41.2 


Plasma 

viscosity 

2.117 


Plasma 
protein 
iS.ttOO ml.) 

7.S4 


Wintrobe 
E.S.R. 
(mm-llst hr.) 


Treatment consisted of rest in bed, active physical ther- 
apy, procaine and lactic acid injections (Waugh [14]) 
to the affected joints, and a course of gold injections 
(myocrisin). She improved slowly, and by August 20, 
1947, she was reported to be capable of standing alone 
and walking with assistance. The improvement was re- 
flected in her next result; 


9_9_47 39.6 2.038 7.45 — 

Treatment was continued. Ferrous sulphate tablets 
were given to combat the anaemia. Improvement was 
continuous; and she was discharged on September 30, 
1947, walking unassisted. 

9-30-47 40.4 1.974 7.16 — 

Three months later, at the beginning of December, she 
had an attack of influenza. This was followed by a 
flare-up of all the involved joints. The condition had 
deteriorated from one of temporary quiescence to one of 
marked activity, the change being shown also in the 
laboratory results. 

12-22-47 43.4 2.326 8.46 28 

The patient rested in bed and a further course of 
physical therapy and myocrisin was given. At the end 
of the course the pain in the joints had diminished, and 
weight-bearing was again possible. 


3-9-48 39.3 2.103 7.70 40 


The clinical impression at that time was that the 
disease condition was being controlled; the fall in the 
plasma viscosity supported this contention, in spite of 
the rise in the erythrocyte sedimentation rate. Out- 
patient treatment was continued. Unfortunately, on June 
28th, she reported pain in the right hip which had not 
been affected previously; a skiagram of this joint showed 
changes typical of atrophic arthritis. The plasma vis- 
cosity reflected this increase in the activity of the disease, 
in keeping with the involvement of a new joint (a major 
one). On the other hand, the crj'throcjte sedimentation 
rate decreased. 


7-1-48 42.9 2.213 8.35 32 

3. Chronic Hypertrophic Oslco-arthritis. K. M., a 
female, aged 50 years, gave a historj’ of pain and stiff- 
ness in both knees of six weeks' duration. She had had 
no other illnesses in her life and no historj’ of injury 
was given. 

There was marked periarticular thickening of both 
knees, and considerable quadriceps wasting. There was 
no increased local heat and no sj-novitis. Her fingers 
showed Heberden’s nodes. Skiagrams of the Imccs 
showed the appearance ts-pical of chronic hj"pcrtrophic 
osteo-arthritis. Her laboratorj- results were: 


Here, as is usually the case in chronic hypertrophic 
osteo-arthritis, the plasma viscosity was within normal 
limits. 

4. N on- Articular Rheumatism. J. H., a male, aged 34 
years, had chronic fibrositis of the upper back almost 
continuously following rheumatic fever at the age of 17 
years. July 17, 1948, after three days in which an acute 
flare-up made it impossible for him to move his head or 
shoulders without acute pain, his laboratory’ findings were : 


Date 

7-17-48 


P.C.V. 

(%) 

45.2 


Plasma Plasma Wintrobe 
viscosity protein E.S.R. 

Ig.lJOOml.) (mm./Jslhr.) 

1.849 7.31 — 


DISCUSSION 

The plasma viscosity test is non-specific. We 
feel, however, that it is valuable in following the 
progress of various rheumatic diseases as well as 
pulmonary tuberculosis. It depends almost en- 
tirely on changes in the plasma protein (especially 
the fibrinogen and globulin fractions), since ultra- 
filtrate experiments have -shown that the viscosity 
of the ultrafiltrate fluid is practically constant. 

If the liver is regarded as the organ which is 
chiefly responsible for the formation of these 
plasma proteins then the plasma viscosity is a 
measure of a change in a liver function, in response 
to a disease process in the body. 

It is not surprising that in pulmonary tubercu- 
losis the systemic reaction and hence the plasma 
viscosity should parallel the severity of the disease 
process. In rheumatoid arthritis also the plasma 
viscosity varies directly with changes in the joints 
and soft tissues. This emphasizes the general na- 
ture of rheumatoid arthritis and the fact that the 
changes in the joints are only one part of the whole 
disease process. 

In striking contrast are the findings in hyper- 
trophic osteo-arthritis — a localized condition with 
little systemic reaction — where marked changes 
can occur in the joints with ver3’ little alteration in 
the plasma viscosity. Similar conclusions can be 
made for the other rheumatic diseases. In non- 
articular rheumatism there is an absence of sys- 
temic reaction; and little change in the plasma 
riscosity. Increased viscosity does occur, however, 
in such systemic diseases as gout, Still’s disease, 
infective polyarthritis ® and atrophic spondylitis. 

Since the plasma viscosity is aflectcd only by the 
plasma proteins, the question arises as to v.h.ctl-.cr 
it would not be more accurate and infomntive to 


5-22-47 


37.9 


1.S71 


10 


- See foctr.ote. Table III. 
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measure the proteins themselves. Consideration 
of Table III and the individual case histories will 
show that the total plasma protein is not so sen- 
sitive or reliable an indication of the clinical 
changes as the plasma viscosity. The estimation of 
the plasma viscosity is technically much simpler and 
less open to error than the estimation of the protein 
fractions. Our experience with over 250 parallel 
estimations of the plasma viscosity and protein 
fractions has indicated clearly that the viscosity 
test is by far the more sensitive ; the viscosity may 
have reached definitely abnormal levels when the 
fractions are still within the usual range of normal 
values. It is possible to find abnormal protein frac- 
tions associated with a normal viscosity, but many 
of these are cases of terminal decay, to which 
reference has already been made : in this instance, 
protein fractionation may be more informative than 
the viscosity test. 

We have not been able to detect any uniform 
plasma protein pattern associated with plasma vis- 
cosities in zones 6 to 8, where pleural effusions tend 
to form. In addition to this zone there is another 
of great clinical significance which cannot be de- 
tected readily by protein fractionation. Into the 
range of 2.025 to 2.175 (oxalate) fall the majority 
of cases who are suffering from chronic conditions 
of all types — rheumatic fever, rheumatoid arthritis, 
infective polyarthritis, syphilis and pyogenic infec- 
tions. If in the course of a disease two viscosity 
values, at a few weeks’ inten^al, fall into this zone, 
it is highly probable that the disease is of a chronic 
nature; we have noted this happening on several 
occasions during recovery from acute rheumatic 
fever when the condition has taken on a chronic 
nature. The importance of the ability of the test 
to detect a change from an acute to a chronic 
process need not be stressed from the aspect of 
prognosis and treatment. 

Although the plasma viscosity test and the 
erythrocyte sedimentation rate may both reflect 
changes in the plasma proteins, the results of the 
two tests may be dissimilar. Careful correlation 
of the results of these tests with the clinical con- 
dition has shown that the plasma viscosity is not 
only the more reliable but that the erythrocjde 
sedimentation rate can be definitely misleading. 
The superiority and the reliability of the plasma 
viscosity test become very obvious when indi- 
vidual patients have serial examinations during 


the course of their illnesses. While it must be 
admitted that in some cases with clinically apparent 
early disease the erythrocyte sedimentation rate 
will begin to rise before the plasma viscosity starts 
to change, there have been instances in which an 
abnormally high erythrocyte sedimentation rate 
has been found in an apparently normal person and 
no cause for this increase has ever been found. 
In contrast is our experience with over 2500 plasma 
viscosity tests where in every case of a high vis- 
cosity value the cause of this increase was ulti- 
mately detected. 

CONCLUSIONS * 

1. The plasma viscosity has been estimated in 
656 tests on cases of pulmonary tuberculosis and 
in 750 tests on cases of rheumatic disease. 

2. The results have been considered generally 
and some representative cases have been given in 
detail. 

3. The plasma viscosity test is not specific. It 
depends on changes in the plasma proteins. 

4. The plasma viscosity indicates systemic reac- 
tion to disease processes. 

5. As an indication of the presence of and 
changes in the systemic reaction the test is sensitive 
and reliable. 

6. The systemic reaction (and hence the plasma 
viscosity) mirrors the changes in the local lesions 
in pulmonary tuberculosis, rheumatic fever, and 
rheumatoid arthritis, 

7. The formation of pleural effusions is usually 
associated with plasma viscosities within a narrow 
range of values. 

8. Chronic disease processes are also associ- 
ated with a narrow range of viscosity values. 

9. The value of the plasma viscosity test to the 
clinicians treating pulmonary tuberculosis and 
rheumatic diseases is discussed. 
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Presidential Address 

CLINICAL RESEARCH AS A CAREER 
By WESLEY W. SPINK 


On May 10, 1909, Dr. S. J. Meltzer, the first President 
of this Society, addressed the members on the subject, 
"The Science of Clinical Medicine: What it Ought to 
be and the Men to Uphold it.” In his introductory' re- 
marks he said, "The honor of the presidency of a society 
goes with the privilege of discussing some of the aims of 
that society.” In discharging my responsibility as Presi- 
dent, forty years after Dr. Meltzer, I am tempted to 
review the accomplishments of this Society, but such 
would be idle boasting. I would like to call your atten- 
tion to the history of this Society by Dr. J. Harold 
Austin of Philadelphia which appears in the March, 1949 
issue of the Journal of Clinical Investigation. It is well 
worth reading. Dr. Meltzer was deeply interested in the 
capable young individual who elected a career of clinical 
research. Since today, more than ever, young individuals 
arc continuing to manifest an interest in clinical investi- 
gation, I would like to discuss with you some of the 
problems relating to their training. 

The Clinical Investigator as a Clinician 

Clinical investigation implies the critical study of human 
beings in sickness and in health. This suggests many 
ramifications of effort. While fruitful studies on human 
disease may be pursued within the confines of laboratory 
walls without the investigator ever coming in contact 
with patients, someone has had to define the problem or 
problems in disease that the patients present. It cannot 
be emphasized too strongly in this day of highly special- 
ized techniques and laboratory research that successful 
clinical investigation is dependent upon a knowledge of 
disease in human beings. If one is setting out to -resolve 
a problem in human disease, it is desirable to know as 
much as possible about the natural history of that disease. 
This information is not to be gleaned in an armchair, 
pouring over books and journals, but rather by the per- 
sistent observation of patients on the wards and in the 
dispensaries. The individual interested in a career of in- 
vestigation should pursue further clinical training after 
completing his internship by selecting an appointment in 
which he will be given responsibility for the care of 
patients and in an institution where he will have the time 
and facilities to engage in research. Competent advisors 
should be readily available to aid him in his clinical activi- 
ties and to lend direction to his investigations. 

Wlut attitude should the resident in clinical medicine 
interested in a career of research and academic medicine 
take toward certification by one of the specialty boards 


of medicine? This is not the place to discuss the trend 
toward specialization in medicine as reflected by the 
specialty boards. But I see no valid reason why the 
resident should not fulfill the requirements of certification 
while he is obtaining his training. If he expects some day 
to have an academic appointment of any merit, in which he 
will be responsible for the clinical training of undergraduate 
and graduate medical students, he should at least possess 
that general knowledge of medicine which is necessary to 
pass the examinations of a specialty board. Furthermore, 
after he has had his formal residency training and has 
had an opportunity to engage in research activities, he 
may desire to go into the practice of medicine, or, much 
against his wishes, economic circumstances and obligations 
may make it mandatory that he enter into care of his own 
patients. Engaged in the private practice of medicine as 
a highly trained clinician, certification by a specialty 
board will be a decided advantage. However, it is diffi- 
cult to lend a sympathetic ear to the individual whose 
primary interest in a residency is to fulfill the require- 
ments of a specialty board and who applies for an ap- 
pointment on a service devoted to teaching and clinical 
investigation with this purpose in mind. 

The Clinical Investigator and the Basic Sciences 

Clinical investigation today, contending as it does with 
the complexities of human disease and the assimilation of 
quantitative information, has narrowed the possibilities of 
carrying out fundamental research at the bedside of the 
patient. Highly technical knowledge is essential and the 
special tools of a basic discipline are frequently needed. 
The clinician may obtain help with his problem by turn- 
ing to his colleagues in the basic sciences or to skilled 
laboratory technologists. Under these circumstances, he 
throws himself on the mercy of others for the accuracy 
of the acquired data and for their interpretation. It is 
difficult to evaluate laboratory results if one is unac- 
quainted with tlie basic principles involved, and one can- 
not seek out the sources of error if he is ignorant of 
laboratory methods. Therefore, in the prosecution of 
clinical research, it is frequently necessary for the clin- 
ician to take time out and go into the laboratory. A 
year or two may be devoted to one of the basic sciences 
such as physiology, bacteriology, or pharmacology. To- 
day it is not unusual for clinicians to concentrate on a 
review of the advances in the fields of chemistry or 
physics. A brilliant chapter in the history of clinical 
investigation includes modern cardiovascular surgery 
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achieved by the amalgamation of basic physiologic prin- 
ciples and improved surgical techniques worked out in 
the laboratory on lower animals. The surgical correction 
of coarctation of the aorta was not evolved by the method 
of trial and error on human subjects, but the techniques 
emanated from the laboratory after months of painstaking 
thought and effort. 

The Clinical Invesligator and the Research Team 

One of the developments in recent years in clinical 
research has been the organization of personnel as a team 
in the prosecution of a problem. This tendency toward 
joint effort was accelerated during the last war. For 
many projects there are distinct advantages that accrue 
from pooling the abilities of several investigators. Among 
the disadvantages lurking in such an endeavor is the 
shackling of the independence of thought and initiative of 
young investigators. Any individual who wants to do 
original work in clinical research must be extremely dis- 
criminating in electing to participate in a large project 
lest his freedom of thought and action be smothered by 
the desires of his supervisors. This trend toward team 
research applies not only to the medical sciences but also 
to other fields. 

The Clinical Investigator and the Preparation of Data 
for Publication 

It is unfortunate that many investigators in the course 
of their training have not been given direction in com- 
municating their results to others. While this applies 
also to the verbal presentation of data, 1 am particularly 
concerned with the preparation of manuscripts for publi- 
cation. Such an endeavor often represents several years 
of work by the individual, and an institution may have 
expended thousands of dollars in giving that person an 
opportunity to carry out the research. And yet it is 
pathetic to see the results embodied in an inarticulate 
exposition. That young investigators are not being given 
guidance is manifested by the appeal made by the editors 
of the Journal of Clinical Investigation in the issue for 
September, 1948, when they cited the deficiencies of papers 
being submitted to them and asked that more diligence 
and care be given to the preparation of a manuscript. 
Some principal investigators are so engrossed with their 
own research and personal interests that they have neither 
the time nor the concern for aiding the young investigator 
in the assimilation of his data and preparing them for 
publication. The writing of a scientific paper is not easy, 
and there arc no short cuts in preparing an accurate and 
readable report. 

The Clinical Investigator and His Economic Status 

Individuals who elect to spend three or more years as 
a resident in one of the clinical disciplines face the grim 
reality that the financnl return at best is but sufficient 
to meet the basic needs of c.\istcncc. It is to be re- 
gretted that this applies to those who arc encouraged to 
extend this postgradu.atc peried of training and continue 
on with clinical investigation. Considerable admiration 


must be extended to the courage of the war veteran with 
a wife and children who has made the decision to stay 
with clinical research. Too often, able individuals find it 
utterly impossible to continue on with the stipends ac- 
corded them, and they drop out and go into more lucra- 
tive fields of medical endeavor, especially private practice. 
It has become quite obvious that medical schools, hos- 
pitals, and institutes of research cannot satisfactorily 
finance the medical program of graduate training in 
medicine. It is also apparent that private enterprise in 
general cannot continue to support medical research as 
in the past. Where, then, are the institutions charged 
■with the responsibility of training clinical investigators to 
turn for financial aid? Major support today is coming 
from the Federal Government. The taxpayer is footing 
large expenditures of funds for medical education and 
research. Because of this postwar development, I would 
like to discuss briefly Federal aid that is coming from 
three sources. First, a most remarkable union has been 
made between medical education and the Veterans Admin- 
istration. This joint enterprise has resulted in an excel- 
lent training program for residents in the various special- 
ties, and it has encouraged sound clinical investigation. 
The end result has not only been of considerable aid to 
the medical schools in discharging their obligations for 
postgraduate medical training to the veterans, but the 
patients have benefited from the skilled medical care. If 
a large segment of clinical material is to be hospitalized 
under the Veterans Administration in the future as at the 
present time, it is absolutely essential that medical schools 
continue with this cooperative effort. But the union will 
only continue successfully if the same high standards set 
up by the Deans’ Committees and the Veterans Adminis- 
tration continue in force. A second type of Federal aid 
to medical education and research is that manifested by 
the United States Public Health Service. These funds 
have been administered wisely and have supported many 
excellent research projects. In addition, the Public 
Health Service has fostered a modest but sound program 
of education and research for promising young individ- 
uals. A third type of Federal aid to education and re- 
search is that distributed by the military branches. It 
seems almost incredible that in a free society desperately 
seeking ways to achieve world peace, tremendous sums of 
money should be allocated to militarj' agencies for applied 
and fundamental research, particularly when mudi of the 
research has no direct bearing on militar>- activities. 
While freedom of thought and action in research has 
accompanied the Army and Xavy grants for medical 
investigations, it should never be forgotten that anythin,-; 
earmarked military implies security and tliat, under these 
circumstances, freedom nmy be stifled overnight i.n t.he 
interests of “national security." 

Some young investigators arc sorely grieved, an ! per- 
Iiaps rightly so. at the sca.nty financial returns afforded 
tliem during their fornative yc.ars. If tl:e‘e individ rak, 
anticipate later on in life an mr-ome comrr-.er.'urate v.ith 
their labor and ccntr.ffutions to medical re’.earch, tlc-y 
will be sadiy disappointed. A% the ;. cur.g investipj;. r 
matures, and after he las estaldishei .’.is ahihty aj a 
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clinician and as a scientist, he is often faced with the 
serious decision as to whether he can continue in the 
field of medical research on a full-time basis. Too many 
times, economic circumstances demand that he compro- 
mise and attempt the blending of the private practice of 
medicine with clinical research. It is not my purpose to 
belabor the question of private practice versus the full- 
time clinical investigator, but this problem confronts most 
men who are attempting to develop and direct medical 
research. As he concluded his address to the first meet- 
ing of this Society, Dr. Meltzer stated, “Teaching medi- 
cine and furthering its science is a very serious business 
which ought to be carried on by men who are ready to 
devote all or most of their time to it — but let me tell you ; 
beware of practice. It is a bewitching gravej'ard in which 
many a brain has been buried alive with no other com- 
pensation than a gilded tombstone.” Twenty years later, 
another great figure in clinical research. Sir Thomas 
Lewis, wrote, “No investigator can be successful who 
allows, or is forced by circumstances to allow, solicitude 
for his patients to preoccupy his mind.” While it would 
be highly desirable today for competent young men to 
continue on a full-time basis, we cannot escape the bald 
fact that hospitals and medical schools are able to support 
in this manner but a very limited number of these indi- 
viduals. I am of the opinion that a man can carry on a 
restricted private practice and engage in clinical research. 
Under these conditions, a clinician is often a better 
teacher and, if clinical investigation means the study of 
human disease, patients coming to him for advice may 
be of considerable aid in the resolving of a clinical prob- 
lem. But unfortunately, the well-trained clinician pos- 
sessed of desirable personal characteristics is often sought 
after by other physicians and patients to the detriment of 
his research. A soaring income accompanied by an ele- 
vated social position frequently has more enchantment 
than the self-sacrifice and many frustrations that go with 
clinical research. 

The Clinical Investigator and His Obligation to Society 
The era in which we are living has been called the 
Scientific Age, and now we are told about the coming 
Atomic Age. Society with its “cold wars” and anxious 
tensions expects and needs leadership from scientists. 
While the attention of the public is centered chiefly on 


those working in the fields of nuclear physics and elec- 
tronics, the medical scientist has also grown in stature. 
Is the medical man prepared to assume his responsibility 
of leadership ? One of the undesirable aspects of medical 
education is the emphasis placed upon the natural sciences 
and the scant attention given to the study of history, 
political economy, and the social sciences. When the 
student of medicine in this country finishes his under- 
graduate and .postgraduate education, he has received the 
finest technologic training available in the world today. 
But he has not been educated for a position of leadership 
in society at large. He does not know, nor often does he 
appear to care, about the social, political, and economic 
changes disturbing the equilibrium of society. In his zeal 
to unravel a mystery of pathologic physiolgy at the bed- 
side or in the laboratory, he has no time for the problems 
of the world with its clashing ideologies, opposing cul- 
tures, social hatreds, and nationalistic pride masking eco- 
nomic greed. The medical school curriculum could stand 
a little more emphasis upon social pathology, even at the 
expense of morbid anatomy. The young clinical investi- 
gator is the leader of medical education tomorrow. In 
concluding my remarks this ’morning, I would like to 
plead that the young medical scientists do not hide within 
their ivory towers of learning, oblivious of the com- 
munity and its problems. As the investigator pursues his 
training, let him give time and thought to the immediate 
issues facing mankind. As he attempts to mold and in- 
fluence the thinking and attitudes of medical students 
under him, let him remind his charges that the possessor 
of a medical degree is a humanitarian rather than merely 
a doctor dispensing his technologic skill to the highest 
bidder. Let him instill within his students the desire to 
acquire a social conscience. Let the young instructor 
inculcate upon his classes the fact that environmental 
factors are often more important in the genesis of human 
illness than organic changes. Finally, he knows and his 
students know that the distribution of medical care will 
undergo some changes. Let him beseech his students as 
they attempt to resolve this problem in their own minds 
that they utilize the experimental method in which con- 
clusions are reached only after accurate data have been 
assimilated rather than on the basis of ignorance and 
selfishness. 
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Value of Blood and Urine Lactate Response to Physical 
Effort as an Index of Physical Fitness. David I. 
Abramson, and (by invitation) Robert W. Keeton, 
Warren H. Cole, H. H. Mitchell, J. M. Dyniewicz, 
M. C. Gephardt, S. J. Presley, and W. R. Kearney, 
Chicago, 111. 

The effects of various work loads on the lactic acid in 
the blood and urine were studied in a group of patients in 
widely different states of physical fitness as judged by 
clinical standards. When all were subjected to the same 
small amount of work on a treadmill, the individua.ls in 
good physical condition showed much less of an increase 
in the blood lactate level, with the peak of the curve ap- 
pearing sooner, than was observed in those in poor shape. 
The patients falling in categories between the two ex- 
tremes demonstrated changes which could be correlated 
with their relative states of physical fitness. From the al- 
terations noted in urine lactate content, the patients could 
only grossly be divided into good or poor performers. 

When the individuals walked on the treadmill almost to 
the point of exhaustion, the variations in blood lactate re- 
sponse were such that further subdivisions with regard to 
gradations in physical fitness were made possible. In the 
patient in excellent shape, the blood lactate curve showed 
a peak, occurring at a relatively low point, early in the 
exercise and then a fall during the remainder of the walk; 
this continued into the post-exercise period. The individ- 
ual in the next lower category did not demonstrate the 
fall during the latter part of exercise but a plateau instead. 
The patient in poor physical shape showed an ascending 
slope during exercise and a peak, occurring at a much 
higher level, late in the post-exercise period. 

Following a major surgical procedure and its associ- 
ated period of physical inactivity, many of the patients 
demonstrated alterations in the blood lactate curve which 
were interpreted as a decrement in the efficiency of their 
reaction to the work load. 

It is concluded that the blood lactate response to exer- 
cise is a sensitive index of physical fitness. 

Genetic Studies of 201 Persons with Hereditary Hyper- 
cholesterolemia {Thirty-five Families and Twenty-nine 

Individuals). David Adlep.sberg and Albert D. 

Parets (Introduced by Ernest P. Boas), New York, 

N. Y. 

Continuing previous studies, 35 families (172 members) 
and 29 individual patients with hereditarj' hj-percholcstero- 
Icmia (Familial Xanthomatosis), totalling 201 persons, 
were investigated. Forty-nine patients (24 per cent) ex- 
hibited the full syndrome of hjTKircliolestcrolemia, coronar}’ 
artery disease and one or more of the following : xanthoma 
tuberosum or tendinosum, xanthelasnu and juvenile or 
senile corneal arcus; 122 had h>’percho!estro!cmia (509 
mg. per cent or more) ; 61 exhibited xanthelasma; 25 ex- 


hibited xanthoma and 35, comeal arcus. Coronary artery 
disease was present in 80 patients (40 per cent) . Among 
these, serum cholesterol was determined in 66 and was 
found elevated above 300 mg. per cent in 57. Thus, the 
two most frequent abnormalities encountered in these xan- 
thoma families were hypercholesterolemia and coronary 
atherosclerosis. Xanthelasma and arcus were ne.xt in fre- 
quency, while xanthoma was found least often. Genetic 
analysis revealed that the inborn error of cholesterol me- 
tabolism was inherited as an incomplete dominant trait. 
The significance of these findings in the etiology of coro- 
nary artery disease is discussed. 

The Role of Phospholipids in High-Lipid Sera in Cirrho- 
sis and Nephrosis. Edward H. Ahrens, Jr., and 
Henry G. Kunkel (Introduced by Sidney Rothbard), 
New York, N. Y. 

In a large series of lipemic (milky) sera from 15 pa- 
tients with nephrosis and non-lipcmic high-lipid sera from 
20 patients with biliary cirrhosis the ratio of phospholipids 
to total lipids (PL/TL) was found to be high in non-lip- 
emic sera and low in lipemic sera. In fasting sera with 
total lipids ranging from 600 to 2,900 mg. per cent, PL/TL 
in non-lipemic sera was 0.29 or higher in 22 of 24 in- 
stances, whereas in lipemic sera PL/TL was 0.25 or lower 
in IS of 19 instances. These data suggest that the clarity 
of high-lipid sera in biliary cirrhosis is explained by the 
characteristically large proportion of phospholipids, since 
these lipids arc markedly hydrophilic by nature of their 
water-soluble side-chains. By this concept lipemia is due 
to a low proportion of hydrophilic lipids rather than, as 
commonly postulated, to an absolute increase of neutral 
fat 

This hypotliesis was tested by destroying lecitliin and 
sphingomyelin of scrum enzymatically, using Cl. welchii 
Iccithinasc which splits phosphorylcholinc from lecitliin 
and sphingomyelin, depriving these lipids of their hydro- 
philic side-chains and leaving water-soluble diglyccridcs. 
Exposure of normal and high-lipid sera to this enzyme 
produced a lipemia indistinguishable grossly and micro- 
scopically from that of nephrosis, and the degree of turbid- 
it)' measured spcctrophotomctrically was linearly propor- 
tional to tlie total lipid content 

Further studies showed that under certain conditions 
measurable cnrj-matic hydrolysis of scrum phospholipids 
occurred before turbidity appeared or increased. Thus, it 
was demonstrated in high-lipid sera of ncph.rosis as svel! as 
cirrhosis tliat phospholipids c.xcrt a.n appreciable solubiliz- 
ing effect upon grossly elcs'ated hyd.'ojihobic lipids. 

These data have possible application in studies cf fit 
transport and dep>ositicn of fat in tissues. 

.-1 New’ Theory cf Blood Cccyu'.c'.ior. udih p *>%/,'<•/- 
erenoe to the Rcle cf Prrit-TOT-d Ccr 
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tors. Benjamin Alexander and (by invitation), 
Greta Landwehr and Robert Goldstein, Boston, 
Mass. 

Serum contains a substance which, arising during co- 
agulation, can accelerate the conversion of prothrombin 
in plasma to thrombin by thromboplastin plus calcium. 
Many of its properties have been delineated, and it has 
been separated in a fraction comprising 20 mgm. of pro- 
tein from 100 cc. of serum. Evidence indicates that it is a 
new clotting factor, distinct from Ac-globulin of Ware 
and Seegers, Factors V and VI of Owren, or Labile Fac- 
tor of Quick. 

The amount of accelerator which evolves during coagu- 
lation is related to the amount of prothrombin consumed. 
In hypoprothrombinemia — congenital, dicumarol induced, 
or resulting from liver disease— -abnormally small amounts 
of accelerator are elaborated. Furthermore, the inter- 
action of purified prothrombin preparations with thrombo- 
plastin and calcium yields substantial amounts of accele- 
rator in addition to thrombin. Accordingly, it is proposed 
that prothrombin (M.W. 140,000) may be split during its 
conversion to give thrombin (M.W. 70,000) and the ac- 
celerator, This concept is suggested also by remarkable 
similarity in some respects between prothrombin and the 
accelerator. 

The agent cannot accelerate prothrombin conversion in 
the absence of a non-prothrombin factor present in fresh 
plasma. Also, a short interval (approximately 2 minutes) 
is required for these components to interact. The plasma 
moiety is labile and appears identical with Labile Factor, 
Factor V and Plasma Ac-globulin, all of which, it is gen- 
erally agreed, are probably the same. 

On the basis of the above a new theory of blood coagu- 
lation is proposed; in the presence of thromboplastin and 
ionized calcium the prothrombin and serum is slowly 
cleaved to yield thrombin and serum accelerator. Under 
tlie influence of the serum accelerator plasma Ac-globulin 
(Factor V, Labile Factor) is converted to serum Ac- 
globulin which then accelerates the conversion of addi- 
tional prothrombin to thrombin and more serum accel- 
erator. 

The overall reaction thus proceeds with ever increasing 
velocity until the prothrombin is almost entirely consumed. 
Reduction in serum accelerator after dicumarol adminis- 
tration rather than the hypoprothrombinemia per se may 
explain the efficacy of this drug in the prevention and 
treatment of thromboembolic disease. 

Renal Function in Multiple Myeloma. John B. Arm- 
strong (Introduced by Jerome Harris), Durham, 

N. C. 

Patients with multiple myeloma frequently die in ur- 
emia. Pathological examination has emphasized blockage 
of the renal tubules by protein casts, as the cause of the 
renal failure. If this were true, functional tests should 
show approximately equ.il decrease in glomerular and tub- 
ular function. 

Eight patients with a clinical diagnosis of multiple mye- 
loma, confirmed by x-ray, bone biopsy, and other exami- 


nations, were selected who showed no evidence of other 
kidney disease. All patients had normal blood pressures 
and NPN concentrations. The glomerular filtration rate 
(Cin), effective renal plasma flow (Cpin), and tubular 
secretory maximum (TmpAn) were determined, each value 
being an average of two or more urine collection periods. 

In each instance, all three functions were depressed to a 
lesser or greater degree. In three patients the tubular 
secretory maximum was much better preserved than glo- 
merular filtration. The severity of renal impairment did 
not seem to correlate with the hematologic or serum pro- 
tein abnormality, nor with the amount or duration of 
Bence Jones proteinuria. The renal functional impairment 
resulting from hemoglobin- and myoglobin-uria, studied 
experimentally by Corcoran and Page, showed greatly de- 
pressed tubular maxima, compared to the other renal 
functions, whereas in these patients the converse was the 
rule. 

Tubular obstruction by precipitated protein does not ade- 
quately explain the renal impairment frequently found in 
patients with multiple myeloma. The pathological find- 
ings often show relatively little blockage. In one patient 
who died suddenly without uremia or dehydration, few 
casts were seen. It seems likely that cast formation may 
be part of the terminal picture of this disease and not the 
fundamental basis of the renal failure. 

A Comparative Study of the Effects of Tetraethylammo- 
ntum Chloride and Veratrum Viride on Blood Pressttre 
of Normal and T oxemic Pregnancies. N. S. Assali and 
Albert A. Brust (Introduced by Eugene B. Ferris), 
Cincinnati, Ohio. 

Humoral maintenance of toxemic hypertension as con- 
trasted with largely neurogenic blood pressure control at 
term of normal pregnancy has been suggested by observa- 
tions after autonomic bockade with tetraethylammonium 
chloride (TEAC). Application of this concept has been 
further investigated in the present study in which verat- 
rum viride, frequently used in the treatment of toxemia, 
has been subjected to physiologic evaluation. Ten normal 
term pregnancies and 12 toxemic pregnancies have been 
studied with blood pressure assay using intravenous 
TEAC and veratrum. 

Negligible blood pressure response to veratrum occurred 
at term and postpartum of normal pregnancy, whereas 
TEAC invariably produced marked blood pressure fall 
prepartum and minimal responses after delivery. 

In toxemia, veratrum lowered systolic and diastolic 
levels by 50 per cent of the total blood pressure. TEAC 
administration to the same patients reduced the blood 
pressure by only 10 per cent With postpartum recovery 
from toxemia the marked veratrum response disappeared. 
As veratrum blood pressure floors rose to levels com- 
parable to those observed postpartum of normal preg- 
nanej-, the TEAC floors descended to the same range. 

Veratrum side effects (bradycardia, epigastric burning, 
nausea and vomiting) occurred regularly, but the magni- 
tude of the depressor response was independent of these 
vagal stimulation components of the drug action. Ad- 
ministration of TEAC at the height of veratrum action in- 
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variably abolished the side effects, yet the depressor action 
persisted. 

The data: (1) Demonstrate diametrically opposing 
blood pressure effects of TEAC and veratrum in botli 
normal pregnancy and toxemia. (2) Eliminate vagal 
stimulation as the cause of the marked depressor responses 
to veratrum in toxemia. (3) Indicate that the blood pres- 
sure of the toxemic hypertensive is consistently sensitive 
to veratrum. (4) Offer clues for discussion of possible 
modes of mediation of veratrum depressor responses in 
toxemia. 

The Problem of Infection of Man with the Virus of New- 
castle Disease of Chickens. F. B. Bang and David T. 
Karzon (Introduced by Joseph L. Lilienthal Jr.), Bal- 
timore, Md. 

From two of three cases of acute conjunctivitis occur- 
ring in laboratory personnel working with the virus of 
Newcastle disease, we have isolated this virus on two 
occasions each. These individuals did not develop a high 
titer of neutralizing substance in their fresh sera. In a 
survey of eight other persons exposed in the laboratory 
but who had not had conjunctivitis, one was found whose 
fresh serum neutralizes more than one million lethal in- 
fectious doses for the chick embryo. After heating to 56° 
C, for one-half hour, this serum loses a large part of its 
activity, neutralizing less than one thousand lethal doses. 
When the serum is diluted, there is a very rapid drop in 
its titer of neutralizing substance. This appears to stand 
in contrast to a slower fall in titer when the immune serum 
of chickens convalescent from experimental Newcastle 
disease is similarly diluted. The substance has been con- 
sistently present in fresh samples of serum taken from this 
person during the past year. No substance of comparable 
activity has been found in the other sera tested. The na- 
ture of the heat labile component is under study. 

A Quantitative Analysis of the Effects of Adrenocortico- 
tropic Hormone (ACTH) on Potassium {K) and 
Phosphorus (P) Metabolism. Frederic C. Bartter, 
Paul Fourman, Anne P. Forbes, William M. Jef- 
fries and Eleanor Dempsev (Introduced by Fuller 
Albright), Boston, Mass. 

In man, ACTH affects K and P metabolism each by 
three established mechanisms. For K the>’ are: (I) the 
loss of protoplasm, (2) the retention of extracellular fluid 
(cx.f.), and (i) tlic specific effect of adrenal "salt" hor- 
mone in causing K loss. For P tliey are: (1) the loss of 
protoplasm, (2) the retention of e.c.f., and (i) the loss 
of bone (osteoporosis). 

Bal.mcc studies witli ACTH arc reported. "Correc- 
tions ’ arc applied to the K and P excretions for proto- 
plasm, c.c.f., and bone changes. A fourth effect of ACTH 
on K and P is thereby unmasked, namely, K and P reten- 
tion "on" ACTH, and K and P loss "off" ACTH. Tlic 
deviations of K and P so revealed arc highly correlated. 
This fotirth mechanism affects K in the opposite direction 
to that of the "s.alt” hormone, and is not elicited hy desox- 
yccrlicostcrone alone. 


We infer that this fourth effect represents passage of K 
and f into and out of cells, possibly associated with glyco- 
genesis and glycogenolysis, respectively. We suggest that 
the K and P liberated when protoplasm is broken down 
are retained with glycogen. The net result is a transfor- 
mation of protein energy to the more readily available 
glycogen energy. 

Apparent Role of Shock in Production of Renal Damage 
Accompanying Hepatic Injury. James H. Baxter 
(Introduced by Benjamin M. Baker, Jr.), Baltimore, 
Md. 

Rats fed diets containing pyridine regularly developed 
acute hepatic necrosis; the animals which survived long 
enough developed cirrhosis. Before death, the animals 
usually appeared pale and were cold to the touch. The 
livers of animals autopsied in the terminal stages of 
necrosis were engorged with dark blood. There was 
marked obstruction to perfusion of fluid through the livers. 
Bleeding from the rectum sometimes occurred. Disturb- 
ances of hepatorenal vasotropic factors (Shorr), in addi- 
tion to obstruction and trapping of blood in the liver, may 
have contributed to the production of shock. 

Many of the rats fed pyridine also developed renal in- 
jury. Degenerative changes and sometimes necrosis oc- 
curred in the convoluted tubules. Regenerative changes 
followed, with the formation of cellular buds or masses in 
the region of the straight segments. Generalized or local- 
ized dilatation of tubules with flattening of epithelium was 
regularly observed, and areas of cortical scarring and 
atrophy resulted when length of sundval permitted. 

Liver injury frequently occurred in animals without 
Iddney injury. However, kidney injury was seldom ob- 
served prior to the occurrence of extensive liver injury, 
even though some animals remained on the diets for weeks 
without developing liver injury. Furthermore, the most 
extensive renal injury occurred in animals which remained 
in shock for considerable periods or which survived re- 
current episodes of shock. It appeared likely that the 
renal injury was at least in part due to shock, resulting in 
impairment of cortical circulation with anoxia of tubular 
cells, oliguria, and increased concentrations of protein in 
the urine. Similar mechanisms may participate in the 
production of renal injury under a wide variety of cir- 
cumstances. 

Preliminary Studies on an Indirect Method for Determin- 
ing Portal Pressures. William B. Bean and (by invi- 
tation) William D. Paul and Murray Franki.i.n, 
Iowa City, Iowa. 

There arc circumstances in which it is desirable to know 
whctlicr or not pressure in the portal vein is elevated. 
Previous observations on portal pressures have been con- 
fined to experimental animals except for a few direct meas- 
urements obtained during abdominal operations. We luisc 
approached the problem in normal persons and Ihoie with 
clinical signs of cirrhosis of the li-. cr by ch'er.ing t.hrougii 
the proctosco 7 >c cr !igmo;do:co;>e cliangcs in color of the 
mucosal surfaces vslih measured inorcmer.'.s of intralumi- 
nal pres '-arc. 
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Tht escape of air upwards, in the colon is prevented by 
inserting an inflatable rubber bag attached to a tube. The 
sigmoidoscope is connected with a water manometer and 
by T-tube to a rubber bulb pump and small air reservoir 
so that air pressure within the rectum and sigmoid can be 
varied at will and measured readily. Subjects are pre- 
pared by cleansing enemas. The rubber bag is inserted, 
the proctoscope introduced and the bag is inflated. The 
glass window with adaptor for communicating with the 
manometer and pressure reservoir are adjusted. With the 
patient in the left lateral (Sim’s) position, the anatomical 
center of the liver is approximately on the same level as 
the observed mucosa. Pressure must be increased slowly 
to reduce intestinal movements and cramps. At levels be- 
tween 10 and 20 cm. of water, the pink color fades and 
many vessels are seen against the pale background. Be- 
tween 40 and 60 cm. the caliber of the vessels narrows. 
With manual pressure over the liver, the level at which 
blanching occurs is elevated to 30 cm. or more. Similar 
levels have been noted in persons with portal hypertension 
and cirrhosis. The method may be useful in evaluating 
pain thresholds in the lower bowel and the acute effects of 
drugs. 

Myofilaments and Myofibrils of Cardiac Muscle. H. 
Stanley Bennett, Seattle, Wash. 

Electron micrographs have been obtained of frog cardiac 
muscle elements fixed in formaldehyde or trichloracetic 
acid and fragmented with blender and homogenizer. The 
preparations have yielded pictures of myofibrils, which 
prove to be packed with parallel myofilaments similar to 
those found in striated skeletal myofibrils by Hall, Jakus, 
and Schmitt. The cardiac muscle myofilaments are 
slightly thicker than those of skeletal muscle, averaging 
240-260 A in diameter, and show an axial repeating period 
of about 400 A when unstretched. As in skeletal muscle, 
the filaments appear to be indefinitely long, extending 
through many sarcomeres. Evidence of fine structure 
within the 400 A period can be seen, but the material does 
not permit definitive analysis of such details. The fila- 
ments arc capable of being stretched readily and fortu- 
itously during fragmentation or on the supporting film, so 
that periodicities from 375 A to about 750 A may be meas- 
ured, depending on the degree of stretching. Electron 
micrographs of cardiac muscle myofibrils show the various 
bands visible with tlic light microscope, but the bands are 
less distinct than in skeletal muscle. The Z-band is about 
0.15^ wide in cardiac muscle. 

The Effect of a Cation Exchange Resin on Electrolyte 

Balance and Its Use «! Edematous States. Eugene Y. 

Beecee, Leslie Iitwin, Benjamin Rosenberg and Ros- 

LYN Jackentiial (Introduced by Alfred E. Cohn), 

New York, N. Y. 

An exchange resin, Liquonex CRW, which removes cat- 
ions from solution in e.xchangc for hydrogen was fed to a 
subject on a constant diet. An electrolyte balance study 
was conducted for three weeks before, five weeks during, 
and three weeks following the administration of the resin. 
.Approxim.atelv 50 per cent of dietary sodium and 70 per 


cent of dietar}' potassium appeared in the stool. There 
was no evidence of a calcium deficiency. A compensated 
acidosis was induced by the liberation of hydrogen ions 
in exchange for sodium ions. The excess chloride, phos- 
phate, and sulphate anions were balanced in the kidneys 
by formation of ammonia. 

Fixation of sodium in the gut is equivalent to restrict- 
ing sodium in the diet ; hydrogen ion release is the equiva- 
lent of giving ammonium chloride or an acid ash diet. 
Both of these procedures are commonly used to help pre- 
vent edema formation. Therefore, two patients suffering 
from heart failure and edema and one from cirrhosis of 
the liver and ascites were fed the resin. In the two cases 
of congestive heart failure on a diet containing 6 grams of 
salt daily, the use of resin replaced the need for mercurial 
diuretics and salt restriction. In the patient with cirrho- 
sis of the liver on a similar diet, the ascitic fluid dis- 
appeared in 22 days without the use of mercurial diuretics. 
A well marked but still compensated acidosis was produced 
in the normal individual and in the patient suffering from 
cirrhosis of the liver. These observations indicate that a 
■cation exchange resin can restrict the absorption of sodium 
from the intestine. Use of the resin may therefore be- 
come important whenever it is desirable to maintain a high 
protein low sodium diet. 

Studies in the Renal Mechanisms for the Excretion of Po- 
tassium. Robert W. Berliner, Thomas J. Kennedy, 
Jr. and James G. Hilton (Introduced by A. B. Gut- 
man), New York, N. Y. 

When large amounts of potassium salts are adminis- 
tered to normal dogs by constant intravenous Infusion, the 
amount excreted in the urine may exceed that filtered by 
as much as 80 per cent. Exact reproduction of such ex- 
periments is mechanically difficult in humans, but potas- 
sium clearances greater than glomerular filtration rate 
have been observed in normal man, and in normal and 
hypertensive man on the rice diet. 

The coexistence of a secretory mechanism for excre- 
tion of a substance ordinarily filtered and reabsorbed 
has not previously been observed. The paradoxical be- 
havior of K% capable of moving across the tubular epi- 
thelium in opposite directions, makes evaluation of the 
relative magnitude of the reabsorptive and secretory mech- 
anisms difficult since only the resultant can be examined. 
Efforts to evaluate the roles of these two opposing mech- 
anisms have been made chiefly in dogs. 

Chronic administration of moderate doses of potassium 
by inducing tolerance, facilitates excretion of sudden 
large loads of this ion at more rapid rates and at lower 
plasma concentrations than in unprepared dogs. 

Infusion of potassium with non-reabsorbable anions 
such as ferrocyanide or thiosulfate regularly results in 
ratios of excreted to filtered higher than with reabsorb- 
able chloride. Moreover, in such experiments, the min- 
imal secreted potassium is so much larger than the anions 
which could possibly have been secreted that cation ex- 
change must have occurred. Hypothetical mechanisms, 
the overall result of which is ionic exchange, are dis- 
cussed. 
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When infused sodium thiosulfate or ferrocyanide is 
progressively replaced by the corresponding potassium 
salt, change from net reabsorption to net secretion of po- 
tassium is first associated with increased excretion of 
chloride and bicarbonate, and, later, reduced excretion of 
sodium. This probably indicates that excretion of large 
amounts of potassium is initiated by depression of re- 
absorption and enhanced by cation exchange. 

Studies in Hypothermia: Part I — Oxygen Consumption, 
Transport and Utilisation in Dogs at Low Body Tem- 
perature. W. G. Bigelow, W. K. Lindsay, R. C. Har- 
rison, R. A. Gordon and W. F. Greenwood (Intro- 
duced by James A. Dauphinee), Toronto, Canada. 

This is the report of the first of a series of studies deal- 
ing with the physiological effects produced in dogs by 
general hypothermia. 

Twenty-seven mongrel dogs were cooled to body tem- 
peratures of 20° C. or lower, by being placed in a con- 
trolled temperature room at -10° C. Oxygen consumption 
was determined in the first experiments by analysis of 
expired air collected in a Douglas bag and in the later 
ones by the use of a modified Tissot spirometer. Arterial 
and venous oxygen saturations and carbon dioxide con- 
tents were measured at intervals. The dogs were revived 
by placing them in a water bath at 42° C. 

One hundred and twenty valid determinations of oxygen 
consumption during the process of cooling and rewarming 
are reported. Early in the study it was found essential 
to eliminate all shivering and to maintain normal arterial 
oxygen consumption. Anesthesia was used to accomplish 
the former, artificial respiration the latter. Oxygen con- 
sumption was found to decrease steadily and in a rela- 
tively constant manner at the rate of 5 per cent per de- 
gree Ccntrigrade of temperature lowering, and to in- 
crease at a similar rate during rewarming. 

The determination of arterio-venous oxygen differences 
revealed that, at least down to 18° C. and in the presence 
of a satisfactory heart action, tlie circulation in these 
cooled dogs was adequate to transport oxygen to the 
tissues. 

The finding that the increase of oxygen consumption on 
rewarming paralleled the decrease on cooling, together 
with the fact tliat the general deportment and response 
of tlie dogs that survived showed no evidence of tissue 
hypoxia, indicates that tissues in the cold state are cap- 
able of oxygen utilization. 

Generalized hypothermia under the conditions of this 
study reduces tissue oxygen consumption without produc- 
ing significant tissue hypoxia. 

Coronary Blood Floxv, Cardiac Oxygen Consumption and 

Efficiency in .Man. R. J. Bing, M. H.smmono, J. 

Handelsman. S. R. Powers, F. Seekcer. J. Eckex- 

iiorr, \V. Goodale, J. Haekensciiiel and S. Kety 

(Introduced by Alfred Bhlock), Baltimore, Md. and 

Philadelphia, Pa. 

The coronars' blood flow and oxygen consumption per 
100 grams of left ventricular tissue lave been studied in 


30 individuals, by combining the nitrous oxide method 
with coronary sinus catheterization. Left ventricular effi- 
ciency was calculated for normal heart muscle. In hyper- 
trophy, only low values for efficiency can be considered 
significant, since total left ventricular weight cannot be 
estimated. Tests were performed on normal individuals, 
and on patients with anemia, essential hypertension and 
coarctation. Four patients in failure were also studied. 

In the normal, left ventricular flow averaged 65 cc./lOO 
grams/ minute, left ventricular oxygen extraction 12 vols. 
per cent and left ventricular oxygen consumption 7.8 cc. 
/lOO grams/ minute. The normal left ventricular effi- 
ciency averaged 23 per cent. In anemia, the coronary 
flow was increased, left ventricular extraction and oxygen 
consumption/100 grams/minute were reduced. In essen- 
tial hypertension coronary flow/100 grams/minute, left 
ventricular oxygen extraction and oxygen consumption 
/lOO grams were normal. In coarctation coronary flow 
/lOO grams/minute, AV difference and oxygen consump- 
tion/lOO grams/minute were increased. In failure the 
coronary flow/lOO grams/minute was reduced and the 
oxygen extraction slightly increased. The oxygen con- 
sumption/100 grams/minute was normal. These findings 
indicate that 1, chronic increase in load results in no 
change in oxygen consumption per unit weight but in a 
total increase in oxygen consumption due to hypertrophy. 
2, The cardiac efficiency in failure is low. 

Characteristics of Visceral Sensation in Man, as Observed 
in Normal Subjects and Patients with Unilateral Sym- 
pathectomy. J. R. Bingham (by invitation), F, J. 
Ingelhnger and (by invitation) R. H. Smithwick, 
Boston, Mass. 

Deep somatic pain in man can be differentiated from 
abdominal visceral pain. In 5 subjects, deep somatic pain 
was produced by injecting the intraspinous ligaments and 
the rectus abdominis with hypertonic saline. Before, dur- 
ing, and after deep somatic pain so produced, a balloon 
was distended in various parts of tlie duodenum and 
jejunum. The two tj'pes of pain were perceived to be 
clearly different These observations do not support the 
statement of Lewis that deep somatic and abdominal vis- 
ceral pain are identical. 

After unilateral sjanpathectoray, pain produced by dis- 
tending the gut is referred to tlie unoperated side. This 
obsersation was unequivocal in the 10 patients studied. 
The degree of lateralization appeared to vary witli the 
site of stimulation. Greatest lateralization occurred with 
duodenal or biliary tract pain, less with high jejunal, and 
least with low jejunal or high ileal pain. This observa- 
tion may c.xp!ain the contradictor}- findings of otliers. 

.•\ftcr unilateral ss-mpathcctomy, the pain threshold is 
elevated. In 4 patients (2 subjected to intestinal, a.nd 2 to 
biliary tract distention), almost double t!;e a.mo-unt o: joi.-! 
stimulus was required after, as was neede<l Ix-forc sym- 
pathectomy. In 5 other patients, if-idied only post-cp-er- 
atively, the pain threshold was e'e-.-ate-J as compared with 
the normal average. This cb'ervation may expla;.-! s-.5rr 
unilateral symto.th.ectcmy semetimes rciimcs viscera! lU-in 
arising from a bilaterany innrr-.ated ergar. 
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The common duct is bilaterally innervated. Distention 
of the common duct produced pain in one patient with a 
right unilateral, and in one patient with a left unilateral 
sympathectomy. This observation, confirming Ray’s, em- 
phasizes that complete desensitization of the biliary tract 
cannot be achieved by right sympathectomy. 

Metabolic Fate of Injtised Erythrocytes in Man. F. Ross 
Birkhill, Mary A. Maloney and Stanley M. Leven- 
SON (Introduced by John B. Youmans), Chicago, 111. 

The metabolic fate of infused erythrocytes in adults 
made significantly polycythemic by transfusions has not 
been known. Only inadequate and incomplete information 
has been available on erythrocyte survival and bone mar- 
row function in such individuals. Data on these points 
were obtained in two normal adult males on a constant 
diet receiving serologically indentifiable, fresh, separated 
erythrocytes. Observations were made on body weight, 
nitrogen, potassium, and phosphorus balances ; circulating 
plasma protein and erythrocyte mass ; erythrocyte survival ; 
sternal bone marrow ; reticulocyte counts ; serum bilirubin 
concentration; urobilinogen excretion; and liver function. 

Survival time of the infused erythrocytes was not short- 
ened. The infused red cell mass decreased at a normal, 
expected rate of 0.8 per cent per day. Concomitantly, 
the mass of the recipient’s own erythrocytes declined at a 
rate of 0.4 to 0.8 per cent per day in direct proportion to 
the amount of tlie infusions. This progressive fall in the 
subject’s own erythrocyte mass was probably due to eryth- 
ropoietic depression rather than to abnormally increased 
destruction. This is suggested by the normal survival of 
the infused erythrocytes and by urobilinogen excretion con- 
sistent with breakdown of the total red cell mass at a 
normal, not an increased, rate. There was a direct linear 
relationship between the extent of bone marrow depres- 
sion and the degree of induced polycythemia. 

A slow, steady excretion of 0.5 to 1.0 grams of nitrogen 
per day (above the control equilibrium value) began 
shortly after the infusions and continued for one month. 
The total extra nitrogen excreted was roughly equal to 
the total nitrogen content of the infused erythrocytes. 
However, this e.xcess nitrogen derived only in small part 
from the infused red cells. The greater part could be 
accounted for almost completely by nitrogen diverted from 
normal erythrocyte synthesis as a result of marrow 
depression. 

The Effect of Increased Intra- Abdominal Pressure Upon 

Renal Excretion of IVatcr, Sodium and Potassium in 

Normal Human Subjects and in Patients with Diabetes 

Insipidus. S. E. Bradley, and (by invitation) G. H. 

Mudge, W. D. Blake and P. Alphonse, New York, 
N. Y. 

Elevation of intra-abdominal pressure in man by appli- 
cation of a pneumatic girdle under a pressure of 80 mm. 
Hg has been shown to depress glomerular filtration, renal 
blood flow, and maximal tubular glucose reabsorption and 
diodrast excretion. The output of urine is greatly re- 
duced and the urinary concentrations of such substances 


as mannitol and inulin increase. Further studies were 
undertaken to assess the role of the antidiuretic hormone 
of the pituitary in this phenomenon and to determine 
whether electrolyte retention also occurred. 

Mannitol, p-aminohippurate (PAH), sodium, and po- 
tassium clearances were determined simultaneously in six. 
normal human subjects and in five patients with uncon- 
trolled diabetes insipidus before, during, and after ab- 
dominal compression. In all but in two normal subjects 
and one patient with diabetes insipidus, glomerular filtra- 
tion (as mannitol clearance) and renal blood flow (PAH 
clearance) decreased significantly, and the excretion of 
sodium, potassium, and water was regularly reduced. 
These responses were identical in both groups of sub- 
jects. Sodium and water output usually fell more than 
filtration, whereas changes in potassium excretion ap- 
peared to parallel changes in filtration. In most in- 
stances, the urinary concentration of sodium decreased 
during compression. All values tended to return toward 
the control levels following release of pressure. Increased 
intra-abdominal pressure appears to induce a renal reten- 
tion of water and electrolytes primarily as a result of a 
reduction in glomerular filtration, independently of the 
production of antidiuretic hormone. Augmented tubular 
re-absorption of water and sodium may account for dispar- 
ities between changes in filtration and in sodium and 
water excretion observed in some subjects. 

Tetralogy of Anomalous Pulmonary Drainage, Auricular 
Septal Defect, Right Ventricular Hypertrophy and Pat- 
ent Ductus Arteriosus. Robert A. Bruce, Frank W. 
Lovejoy, Earle B. Mahoney, George B. Brothers, 
Paul N. G. Yu and Raymond Pearson (Introduced 
by Nolan L. Kaltreider), Rochester, N, Y. 

Since patent ductus arteriosus is usually amenable to 
surgery, and ligation of an anomalous pulmonary vein has 
been recommended, the combination of both lesions to- 
gether with auricular septal defect and right ventricular 
hypertrophy presents a complicated clinical problem. 
Two out of 12 possible patients reported in the literature 
lived for 19 and 27 years. We have studied 2 cyanotic 
young women, one of whom was proved to have this 
tetralogy at autopsy, and the other had similar findings by 
catheterization. The first had frequent major hemoptyses 
for which she was subjected to ligation of an anomalous 
right pulmonary vein demonstrated by catheterization. 
She died of pulmonary edema, immediately following liga- 
tion of the anomalous vein. The second had marked club- 
bing but no hemoptyses. The x-ray findings in both were 
a relatively small heart despite enlargement of the right 
auricle and prominence of the pulmonary conus and of 
vascular markings in tlie lungs. Each had right axis devi- 
ation electrocardiographically. Exercise studies showed 
transient paradoxical response in the respiratory efficiency 
attributed to the shunts. The right ventricular pressure 
considerably exceeded the systemic pressure in both pa- 
tients, and in one catheterization of the left ventricle dem- 
onstrated that the duration of systole was less than that of 
either the right -v’entricle or systemic pulse. This was in 
accord with Brody's hypothesis that the right ventricle 
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could supply a major part of the systemic circulation 
through the ductus. Our experience shows that cyanosis 
contra-indicates ligation of an anomalous pulmonary vein 
whenever it is demonstrated to be draining into tlie right 
heart and that in this tetralogy patency of the ductus is 
essential. Slides of the laboratory data, anatomical find- 
ings in the first patient, and cinefluorograms (courtesy of 
Dr. Sibley Watson) of both are shown to demonstrate this 
particular tetralogy of congenital cyanotic heart disease. 

The Lack of Correlation between Glomerular Filtration 
Rate, and Serum Electrolyte Concentration Changes, 
Urinary Electrolyte Excretion, or Edema Formation 
Following Sodium Loads in Subjects with Normal Kid- 
neys, Glomerulonephritis, and the Nephrotic Syndrome. 
Charles H. Burnett, (by invitation) Belton A. Bur- 
rows and (by invitation) Robert R. Commons, Boston, 
Mass. 

The effects of sodium loads administered intravenously 
to subjects with normal renal function, and with glomeru- 
lonephritis in different stages were studied. Normal re- 
sponses to 200 to 460 milliequivalents of sodium (as 0.5 
M sodium bicarbonate) included; serum concentrations, 
sodium increased, potassium slightly but definitely de- 
creased; urinary excretion, sodium and potassium in- 
creased; percentage excretion of filtered ion (calculated 
from Cio), sodium slightly and potassium markedly in- 
creased; ratio of reabsorbate concentration to serum con- 
centration (R/S), sodium remained close to unity, potas- 
sium fell (as much as 25 per cent). The direction of 
these changes was consistent despite individual variations 
in filtration rate and urine flow. 

A different sequence resulted in the nephrotic syndrome, 
with normal or only moderately low glomerular filtration 
rates; sodium rose or was unchanged in the serum, uri- 
nary excretion failed to increase, percentage excretion of 
filtrate remained low, but Rk,/S.v. was unchanged. 
Further edema always resulted. With one e.xception, the 
effects on potassium metabolism were identical with, or 
more marked tlian, those occurring in normals. 

In glomerulonephritis, without edema or heart failure, 
both the normal and nephrotic responses occurred. Abil- 
ity to excrete the sodium load diminished as Cia fell ; but 
excess sodium was better excreted than in nephrosis, and 
edema never resulted. The potassium responses were ac- 
centuated in tliat percentage excretion of filtrate often 
exceeded 100 (suggesting renal tubular secretion of this 
ion). 

It is concluded, that since tire rate of sodium excretion 
could not be correlated uniformly witli cither the glomer- 
ular filtration rate or tubular rcabsorption of sodium, tlic 
mechanism of edema formation remains undisclosed in the 
diseases studied. It is suggested that the almost inrari- 
ablc change in potassium metabolism resulting from sod- 
ium administration may represent an important factor in 
the maintenance of salt and water cquilibrimn. 

The Incidence of Liver Ir.z‘olvetncni in Chronic etmeehi- 

csit. RjcJJARn B. C.srrs and (by invitation) Atixm 

Bennett. Oiicago, HI. 


The incidence of liver involvement in chronic amoebi- 
asis is of interest both because of its bearing on treatment 
and also because of its role in the production of symp- 
toms. In order to provide both a sensitive and a specific 
method of establishing the presence of amoebic hepatitis, 
the response to emetine of a group of liver function tests 
was studied. Observations were made on a series of IS 
consecutive cases of chronic amoebiasis. All cases had 
symptoms but in no instance was fever present Liver 
function tests including the cephalin cholesterol floccula- 
tion, thymol turbidity, serum alkaline phosphatase, serum 
bilirubin, bromsulphalein, 24 hour urine urobilinogen and 
urine coproporphyrin were performed before and after a 
course of emetine. In 11 cases the initial tests indicated 
mild liver dysfunction. Following emetine the abnormal’ 
findings returned to normal promptly or dropped sharply 
in almost all instances indicating a specific therapeutic 
response. In 10 of these II cases liver tenderness and 
symptoms consistent with hepatitis were present initially 
and also responded to emetine. 

We believe that these findings indicate that a specific 
hepatitis is present in a large percentage of cases of 
chronic amoebiasis and is responsible for many of the 
symptoms. Unless other agents can be shown to be ef- 
fective emetine should probably be used routinely in all 
cases of amoebiasis. Further studies are being conducted. 

The Golgi Apparatus in the Cells of Synovial Tissue and 
Related Structures. Pedro M. Catogcio and L. Ray- 
mond Morrison (Introduced by Charles L. Short), 
Boston, Mass. 

A study was made of the relationship between the size, 
configuration and localization of the Golgi element and the 
histological findings in tissue from joints, bursae and 
ganglia removed at operation from seventy-five patients. 
In some instances the relationship to the joint fluid was 
also studied. 

The material was prepared according to the Da Fano 
technique. Tissue from some of the cases was also 
studied by other methods. 

The clinical diagnoses were: normal joints, acute trau- 
matic arthritis, chronic traumatic arthritis and degenera- 
tive joint disease, rheumatoid arthritis, miscellaneous joint 
disease, bursitis, ganglion. 

Examination of the sections showed a wclI-dcvclopcd 
Golgi element in the s>-novial cells. In some cases it was 
small, granular or simple and delicately looped and was 
often indifferently located within llic ciToplasm of small 
cells ; presumably in the “resting state." This appearance 
was usually associated with apparently normal sj-novial 
tissue. In other instances the Golgi apparatus was large, 
comp1c.x and lay in relation to the free border of t};e cell 
and was presumably “active.” These ipecirr.cns sh.owed 
various si'novial tissue alte.-ations : increased number of 
s>T50vial cells, larger cells, villi and oitc.n r>cri\-a:cu!ar 
roand<cIl infiltration. 

If mcrcase in size a-ud complc.xi!y c: t?;r Golgi arpa- 
ratus is evidence of ir.crtaitd activity cf tb.e cells, th.c 
above findings suggest that the ssmovial cel's in rheu- 
matoid arthritis are eften more active tlan in rjormt! 
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joints. In degenerative joint disease the activity of these 
cells appears to be between that in rheumatoid arthritis 
and that in normal joints. 

In the small number of joint fluids available, compari- 
son of the fluid characteristics with the appearance of the 
Golgi element in the tissue cells does not provide adequate 
evidence to aid in determining whether or not synovial 
cells produce mucin. 

Simultaneous Determination of Cardiac Outjnit by the 
Acetylene and Direct Pick (Right Heart Catheterisa- 
tion) Procedures. Carleton B. Chapman, Henry L. 
Taylor, Craig Borden, Austin Henschel, and Ancel 
Keys (by invitation) and Richard V. Ebert, Minne- 
apolis, Minn. 

Nineteen simultaneous measurements of the cardiac out- 
put by the acetylene and direct Pick (right heart catheter- 
ization) techniques were carried out on 7 normal subjects. 
The Grollman formula was used for acetylene determina- 
tions. The mean cardiac indexes were 2.47 + 0.56 (acet- 
ylene), and 3.27 + 0.78 (direct Pick) liters per square 
meter per minute. When plotted against each other, the 
results obtained by the 2 methods showed a definitely 
linear relationship (r = 0.87). Statistical analysis 
showed that the small deviation from a perfectly linear 
relationship was due to individual method errors. If the 
acetylene output (.r) is known, the direct Pick output 
(y) can be calculated from the formula y = 1.1682^ 4- 
0.7420, the standard error of the estimate being + 0.41. 
The Grollman formula, therefore, can be made to yield 
results which closely approximate those obtained by the 
direct Pick procedure simply by altering the numerical 
constant. 

In order to determine how much, if any, of the predict- 
able difference between results of the 2 methods is due to 
recirculation of acetylene, 30 samples of pulmonary arter- 
ial blood were taken at from 9 to 55 seconds after acetylene 
entered the pulmonary alveoli. When the partial pressure 
of acetylene in the blood was plotted against time, re- 
circulation began between 10 and 20 seconds after begin- 
ning of rebreathing and progressed in a linear fashion. 
For tlie interval between the first and second gas sam- 
ples (9 to 19 seconds), the calculated mean partial pres- 
sure of acetylene in pulmonary arterial blood was 3.5 mm. 
Hg or about 5 per cent of the mean partial pressure of 
acetylene in the alveoli (61.5 mm. Hg). This confirms 
the view that such recirculation as occurs during the first 
20 seconds after acetylene enters the alveoli is not enough 
seriously to affect the validity of the method. 

Some Cardiac and Extracardiac Effects of Digitalis Gly- 
cosides. Don W, Chap.man and Carroll A. Handley 

(Introduced by James A. Greene), Houston, Texas. 

Studies were undertaken to ascertain what relationship, 
it any, existed between the intravenous administration of 
digitalis glycosides and the serum concentrations of potas- 
sium and sodium and their effect on tlie electrocardio- 
graphic tracings: hematocrite; the plasma volume; and 
the c.xtracellular fluid. 


Digitoxin and digoxin were employed in concentrations 
from 0.1 to 0.2 mg./kg. body weight in twenty-seven dogs. 
Serial electrocardiograms were taken from lead 2 and 
blood samples were drawn at hourly intervals for the esti- 
mation of serum potassium and sodium. Sodium thiocya- 
nate and T1824 were employed to ascertain changes in 
extracellular fluid and plasma volume at four to ten-hour 
intervals. Hematocrite determination was by the Win- 
trobe method. 

When digitalis was administered in small doses so that 
relatively minor or no electrocardiographic effects were 
obtained, in general, there was but little change in the 
other studies. In larger doses an approximate qualitative 
relationship between the increasing height of the serum 
potassium and the electrocardiographic alterations, as seen 
in potassium intoxication, were noted. The initial changes 
observed were an increase in the amplitude of the T 
waves, followed by a decreased size of the R waves, and 
an increased amplitude of the S wave. In some, there 
was a disappearance of R waves with a depressed RST 
segment or a widening of the QRS complex. In others 
a partial or complete auricular arrest may have preceded 
the development of intraventricular block. Ectopic 
rhythms such as single or multiple premature ventricular 
contractions may be seen. However, in some instances, 
no direct correlation was noted with the height of the 
serum potassium. Marked increases in the hematocrite, 
a lowering of the plasma volume, and an increase in the 
extracellular fluid was observed when there were marked 
changes in the electrocardiographic tracings. 

Multiple-Balloon-Kymographic Recording of Variations 
in Motility of the Upper Small Intestinal Tract in Man, 
Emphasising the Need of Long Control Observations 
for the Adequate Evaluation of Drug Action. Wil- 
liam P. Chapman, (by invitation) Eirwyn N. Row- 
lands, and Chester M. Jones, Boston, Mass. 

Knowledge of spontaneous variations in intestinal mo- 
tility in healthy subjects observed over long periods was 
regarded as essential for the evaluation of drugs, particu- 
larly when given orally. Fourteen studies averaging four 
hours in duration were made in twelve subjects, all ex- 
cept one being healthy young adults. Motility was re- 
corded from the duodenum and upper jejunum using a 
four-lumen tube with balloons spaced at four-inch inter- 
vals. Placebos without verbal suggestion were adminis- 
tered on an average of fifty-one minutes after the start 
of the recording. Relative changes in contractions and 
"tone” or sustained tension of the intestine were assessed 
by visual inspection of the records and by polar planim- 
cter measurements of surface areas beneath the tracings. 

With individual exceptions, the group showed during 
the second, third, and fourth hours of observation a de- 
cline in peristaltic contractions fluctuating from thirty to 
thirty-seven per cent. Sudden, striking decreases in ac- 
tivity lasting from five to twenty minutes followed the 
spontaneous occurrence of spasms. Segmental waves, 
tliough difficult to assess, seemed to follow the course 
of peristaltic waves. “Tone” varied with alterations in 
the types of contractions and tended to increase slightly 
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with the passage of time. Most individuals showed a 
specificity of pattern as regards frequency, amplitude and 
duration of contractions and "tone.” 

Without a full appreciation of the spontaneous decline in 
contractions during long observation periods, the tendency 
of contractions to be temporarily abolished or decreased 
following spasms and individual motility variations, it 
is impossible to evaluate adequately the pharmacologic 
effects of drugs on intestinal motility. This is particu- 
larly true of drugs administered orally. Multiple bal- 
loon recording permitted simultaneous assessment of ad- 
jacent intestinal segments. Changes in motility appeared 
not to be conditioned by the administration of placebo as 
employed in this study. Infrequency of pain prevented 
its correlation with motility patterns. 

Effects of Salt and Protein Restriction on Blood Pressure 
and Renal Hemodynamics in Hypertensive Patients. 
H. Chasis and (by invitation) W. Goldring, E. Breed, 
A. Bolomey and H. W. Smith, New York, N, Y. 

Twelve patients with essential hypertension were se- 
lected at random. Observations were made on blood 
pressure, glomerular filtration rate, renal blood flow and 
maximal tubular excretory capacity. The patients were 
maintained on a salt and protein restricted diet identical 
in composition with the rice diet suggested by Kempner, 
for from IS to 98 days. Renal function measurements 
were made in 10 of the patients ; in 9 the rate of glomeru- 
lar filtration was reduced, in 8 the renal blood flow was 
decreased, and in 6 the maximal tubular excretory capac- 
ity was reduced. In 10 of the 12 patients no lowering of 
blood pressure was effected by the restricted diet used in 
this study. In the remaining two patients decrease in 
blood pressure levels of 24 and 22 mm. Hg systolic and 
14 and 14 mm. Hg diastolic occurred. However, in view 
of the spontaneous variability of blood pressure levels, 
crudity of the sphygmomanometric method and difficulty 
in selection of a datum of reference during the control 
period, we are unwilling to accept as significant such rela- 
tively slight and transient reductions as indication of ef- 
fectiveness of the dietary regime employed in this study. 

In view of the adverse effects observed on renal hemo- 
dynamics and the transient and insignificant reduction of 
blood pressure we conclude that salt and protein restric- 
tion was ineffective therapy in the 12 hypertensive pa- 
tients studied. 

Studies on the Initiation of Coagulation by Surface Con- 

tael. C. Lockard Conley, Robert C. Hart.makn and 

John S. Lallev (Introduced by G. Canby Robinson), 

Baltimore, Md. 

Using siliconc-trcatcd apparatus blood was obtained 
from normal human subjects without the use of anticoagu- 
lants. The formed elements were removed by high-speed 
centrifugation at low temperatures. Direct microscopic 
examination of the undiluted plasma revealed as a rule 
less than 10 platelets per cubic millimeter. In some in- 
stances no platelets were seen. PLasmas prepared in this 
manner regularly clotted u-ithin a few m.ir.utes at 57' C. 


following the addition of ground glass. Platelet extracts 
prepared by grinding washed platelets in glass containers 
also brought about coagulation. However, the concen- 
trated platelet extracts did not cause. coagulation to occur 
more rapidly than did ground glass when added to these 
essentially platelet-free plasmas. The rate of clot forma- 
tion following the addition of ground glass was related 
to the amount of glass added and was independent of the 
number of platelets or quantity of platelet extract present. 
The amount of prothrombin converted during coagulation 
seemed directly related to the amount of platelet material 
available. When plasma was clotted by ground glass in 
the virtual absence of platelets, prothrombin consumption 
seemed negligible. Unlike normal plasma, hemophilic 
plasma deprived of its platelets failed to clot on contact 
with glass. 

Normal platelet-deficient plasma could be kept in sili- 
cone-treated tubes at 37° C. for relatively long periods of 
time without spontaneous coagulation even though clotting 
occurred promptly following the addition of ground glass. 
Although fresh normal plasma invariably clotted on con- 
tact with glass, portions of this plasma stored for 24 
hours at 2° C. in some instances failed to clot on the addi- 
tion of ground glass. 

These observations suggest that the initiation of coagu- 
lation by surface contact may be brought about by altera- 
tions produced in the plasma itself and not necessarily by 
platelet changes. 

Effects of Intravenous Reduced Glutathione (GSH) 

Upon Glycostiria and Hyperglycemia Induced in Man 

by Adrenocorticotropic Hormone (ACTH). Jerome 

W. Conn and (by invitation) Lawrence H. Louis and 

Margaret W. Johnston, Ann Arbor, Mich. 

We have reported that sustained glycosuria and hyper- 
glycemia can be produced in man by administration of 
ACTH and that tliese manifestations of a developing dia- 
betic state are accompanied by a decreasing concentration 
of blood glutathione. We have hypothesized that a pu- 
rine metabolite having an allo.xan-likc effect is responsible 
for reducing the intracellular availability of free sulfhy- 
dryl groups (necessary for normal function of many en- 
zyme systems), causing functional abnormalities witliin 
the islet-bcta-cclls as well as blocinng normal glucose 
utilization peripherally. In addition to hyperglycemia, 
ACTH decreases renal tubular rcabsorption of glucose, 
presumably as the result of inhibition of an enzyme within 
the tubular cpetlicliura. 

A thirty day metabolic balance study was made to de- 
termine whctlicr or not administration of large amounts 
of GSH would reverse (during continued .ACTII admin- 
istration) an already established hyperglycemia and gly- 
cosuria produced in a normal man. GSH in hfe.c 
amounts was given on tlse fourtli day of a six day ACTH 
period. Renal glycosuria occurred! on t.he firs! day of 
.-\CTH. Hyperglycemia began on the .second day an I 
continued with increasing intmrity throughcc:! the entire 
-•^CTH period except curing the interve! n hen GSH trur 
administered. Ti-.is reversal was dra.-natic l-ut t.-a.nsitory. 
lasting for one to two hours after each injection of GSH. 
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During these periods the urine was free of sugar. Most 
striking were (1) sharp elevation of the renal threshold 
and (2) a fall of the blood sugar level. 

Not all of the metabolic effects of ACTH were reversed 
by GSH. This means that corticoid production was not 
blocked but that improved performance occurred in those 
systems requiring free S-H groups for their normal func- 
tion. Among other reversed effects noted following GSH 
was a most profound change in the number and character 
and the peripheral blood cells. 

All of these sharp reversals produced by GSH during 
ACTH administration strengthen our hypothesis and im- 
ply important hormonal influences upon enzyme activity. 

Observations on the Hemolytic Mechanism in Paroxysmal 
Nocturnal Hemoglobinuria. William B. Crosby (In- 
troduced by William Dameshek), Boston, Mass. 

The red cells in paroxysmal nocturnal hemoglobinuria 
(PNH) are easily hemolyzed by the action of a heat- 
labile substance present in normal human plasma. This 
substance is similar in many respects to complement. 
Like complement, its hemolytic activity is blocked by hep- 
arin, although the amount of heparin needed for this in- 
hibition is somewhat less than that needed to inhibit com- 
plement. Titers of 1 ; 4,000 will almost completely block 
the hemolytic system of PNH in vitro. 

Protamine, a potent heparin antagonist, prevents this 
heparin inhibition. Yet alone in the hemolytic system, 
protamine acts like heparin and inhibits hemolysis. 

Titration with protamine or heparin in the PNH hem- 
olytic system yields in each case, a sigmoid curve which 
breaks upward at about 1 : 3,000 and levels off at about 
1 : 8,000. When cell suspensions containing the two 
antagonists in equal concentration are mixed, protamine 
seems much the stronger. Four parts of heparin cause 
no inhibition of hemolysis in the presence of one part of 
protamine. 

A patient with PNH was given intravenously fifty mg. 
of heparin. This at once reduced the ability of his plasma 
to hemolyze his cells when incubated in vitro. During 
the ensuing si.x hours the hemolytic potency of his plasma 
gradually recovered. To a second patient, 80 mg. of 
heparin were given at the time of a transfusion in the 
hope of preventing a transfusion reaction to which she 
was prone. But a violent hemolytic reaction followed. 
In both of these patients the hemolytic mechanism was 
blocked in z’iiro by heparin. 

Protamine and heparin are antagonistic by virtue of 
powerful and opposed electrostatic charges. Each alone 
is cap.able of inhibiting hemolysis in the hemolytic system 
in PNH. When both are present together in the hemo- 
lytic system they inhibit one another, and hemolysis oc- 
curs. Their effect is probably due to inhibition of a com- 
plcraent-like substance present in normal human plasma. 

Primary Aseptic Meningitis: A Clinical Syndrome of Di- 
verse Etiology. Ebwakd C Curxex and (by invita- 
tion) Joseph L. Melxick, and Erkest W. Shaw, New 
Haven, Conn. 


During the summer of 1948 a number of children and 
young adults were admitted to hospitals in Connecticut 
and Rhode Island with the clinical syndrome of primary 
aseptic meningitis. In most instances a diagnosis of poli- 
omyelitis was made. These cases considerably exceeded 
in number those with paralytic poliomyelitis. The clinical 
and laboratory findings were studied in selected patients 
with representative non-paralytic illnesses. 

Prominent initial symptoms were fever, headache, and 
vomiting. Nuchal rigidity and stiffness of the back were 
common but transitory complaints. The leukocyte counts 
approximated normal. The cerebrospinal fluid revealed 
a pleocytosis, usually less than 500 and predominantly 
lymphocytic; the protein content was normal or slightly 
elevated. 

The course of the illness was brief and uncomplicated. 
All patients recovered completely. In patients with this 
syndrome, differentiation of non-paralytic poliomyelitis 
from mild non-paralytic illnesses due to other causes usu- 
ally could not be made from clinical findings alone. 

Attempts were made to recover the causative agent 
from representative patients with primary aseptic menin- 
gitis. Suspensions of stool from 2 of 14 patients tested 
induced poliomyelitis in monkeys. Similar suspensions 
injected into suckling mice resulted in the recovery of a 
filterable agent resembling that reported by Dalldorf and 
Sickles. Separate strains were obtained from 5 patients. 
Attempts to recover this agent from 9 other patients with 
aseptic meningitis (including the 2 whose stools induced 
poliomyelitis in monkeys), from 2 patients who developed 
paralytic poliomyelitis in 1948 in Connecticut, and from 
20 patients with other illnesses were unsuccessful. 
Further efforts are in progress to characterize this agent, 
to correlate its occurrence with clinical and serological 
findings, and to determine whether infection by it repre- 
sents a distinct disease entity. 

Physiologic, Metabolic, and Electrolytic Balance Studies 

of Hypertensive Patients While on the Rice Diet. H. 

CuRRENS, E. A. S. Reid, E. A. MacLachlan and M. L. 

Terry (by invitation) and A. M. Butler and P. D. 

White, Boston, Mass. 

In an effort to determine the modus operandi of the 
rice diet two men (one had previously undergone sympa- 
thectomy) were studied before and after instituting die- 
tary therapy. The following pertinent observations were 
made. 

The blood pressure fell in one patient after two weeks 
(174/126 to 160/111) and the other after three months 
(166/112 to 141/87) on the diet. The addition of nine 
grams of salt per day to the latter resulted in a rise 
(164/103). . 

A negative balance was observed for sodium, chloride, 
calcium, phosphorus, and magnesium on the diet. One 
patient had a positive potassium balance of about 20 milli- 
equivalents per day. The serum concentration of these 
electrolytes remained essentially the same. The negative 
nitrogen balance was approximately five grams per day 
during the first week on the diet decreasing to one gram 
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after three months. The seram albumin fell significantly 
after three months. 

An abrupt fall of the basal metabolic rate of about 12 
points was observed after beginning the diet No signifi- 
cant weight loss was noted. The insensible weight loss 
per day remained the same. 

The plasma volume as measured by the Evans blue dye 
before and after the institution of the diet was found to 
remain constant 

Renal clearance tests revealed a subnormal glomerular 
filtration rate during the control period which decreased 
after starting the diet No change was noted in the ef- 
fective renal plasma flow. The tubular excretory mass 
was observed to decrease on the diet 
The change in blood pressure observed was not associ- 
ated with a significant change in plasma volume or serum 
electrolytes. The addition of sodium chloride resulted in 
a rise in blood pressure, A persistent negative nitrogen 
balance was noted. 

Metabolic Studies in Infants During Recovering from 
Vomiting. T. S. Danowski and (by invitation) L. 
Greekmak, J. H, Peters, R. Gow and F. Mateer, 
Pittsburgh, Pa. 

Six infants with pyloric stenosis, together with 1 other 
with vomiting and diarrhea of undiagnosed origin, have 
been studied during convalescence by the balance method. 
The majority had characteristic hypochloremia and alka- 
losis. Azotemia was present in one. At the start of the 
individual studies, but following therapy with solutions 
of saline and glucose, 4 had abnormally low concentrations 
of serum potassium. The initial serum sodium ranged 
between 123 and 152 milliequivalents per liter. 

Oral intake was then completely withheld, without fur- 
ther vomiting, until the obstruction had been relieved. 
During this time the patients received parenteral glucose 
solutions, small amounts of saline, and, in all but one in- 
stance, practically no potassium. The potassium intake 
again became significant, however, upon resumption of 
oral fluids and food. 

During recovery while on cither parenteral or oral in- 
take all subjects retained sodium and chloride. The chlo- 
ride space, assumed at the start to be IS per cent of the 
initial body weight for purposes of calculation expanded 
progressively until, in some instances, it exceeded by a 
considerable margin the volumes usually assigned to ex- 
tracellular fluid. Hypokalemia appeared, or usually in- 
creased further if already present, in si.x patients. Low 
levels developed even though urinary losses were only a 
fraction of a millicquivalent per day. With potassium ad- 
ministration the urinary excretion increased, but did not 
equal the intake. This retention points to preexisting 
deficits and suggests renal conservation of potassium. 
The data do not identify the renal and extra-renal losses 
of poUissium in the etiologj" of potassium deficits incurred 
prior to these studies. They do point, in spite of undue 
rises in the ddoride sp.acc employed to partition external 
liakiiiccs lietucen cells and extracellular fluid, to a com- 
bination of dilution of cxtracclluhr fluid and transfer of 


potassium into cells as the mechanism of hypokalemia dur- 
ing therapy. 

Aniifibrillatory Actions of an Alpha-Fagarine Analog 
(N-Methyl-N-i3-4 dimetlioxybcnsyl) - B - (4, meth- 
oxyphenyl) — Ethylamine — HCIS). Joseph R. Di- 
Palma, (by invitation) John E. Schults, Richard A. 
Reiss and Joseph J. Lambert, Brooklyn, N. Y. 

The exact chemical structure of a Fagarine is unknown. 
A new compound, approaching its proposed formula and 
having similar biological effects and superior in respects 
to potency with low toxicity has been synthesized. 

In cats the new compound is 2.3 times more active than 
quinidine and 1.3 times more active than a Fagarine in 
stopping electrically induced auricular fibrillation. The 
effects on blood pressure, pulse and EKG are similar to 
quinidine. Nevertheless, its acute i.v. toxicity for cats is 
less than either quinidine or a Fagarine. 

When assayed in humans with normal hearts the Q-T 
segment is increased on the average by 0.06 sec. with a 
dose of 100 mgm. and by 0,09 sec. with a dose of 200 
mgm. i.m. Similar doses of quinidine in the same pa- 
tients increased the Q-T segment by O.Ol and 0.03 sec. 
respectively. This may be taken as good evidence that 
the drug is capable of increasing the refractory period of 
heart muscle and that it is more potent than quinidine in 
this respect 

In S patients with chronic auricular fibrillation the f-f 
interval was increased on the average 28.2 per cent with 
a dose of 100 mgm. i.m. This slowing of the rate of au- 
ricular circus movement is much greater than could be 
anticipated from a similar dose of quinidine. 

Clinical study of 10 patients, 7 with auricular fibrilla- 
tion, 2 with auricular flutter and 1 with ventricular tacliy- 
cardia permit the following conclusions. Two cases of 
auricular fibrillation and one with flutter were restored 
to a regular sinus rhythm. In one instance restoration 
occurred with a dose of only 50 mgm. i.m. A very seri- 
ous disadvantage of the drug is that like o Fagarine it 
has a tendency' to initiate ventricular ectopic foci. Be- 
cause its chemical structure is kmown the possibility ex- 
ists of developing a dcrii-ativc of equal potency but lack- 
ing this undesirable feature. 

A Method for Estimating, preoperalively, the Function of 
Thyroid Tumors; Its Significance in the Diagnosis and 
Treatment. Brown M. DoEyxs and Benct Skanse 
(Introduced by Edward D. Churdiill), Boston, Mass. 

An estimate of function of a discrete thyroid nodule 
contributes in a major way to the diagnosis and trc.it- 
rnent of such a goiter. Many studies indicate t.hat func- 
tion oi such nodules can be rehted to their avidity for 
radioiodinc. An in vivo technic has been devise<l for de- 
tecting the degree of concentration o; radioiodine i.n •.•ari- 
ous parts o! the thyroid. This iccl'.nic p-ermiis an crtirr.a- 
tion of the relative function cf discrete n>iu!es as 
cempared wih the rcm-iinir-.g thyroid. 

The conventional Geiger-l.fuiler counters arc incapsMe 
cf locating point sources svithin the tiuyroii lecause c; the 
anatomical and physical rekticcuhips involved. 
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A Specially constructed directional counter has been 
found capable of locating and differentiating relative con- 
centrations of radioiodine over small areas of the thyroid. 
In more than 50 patients the results of observations made 
with this technic were found to agree with radioauto- 
graphs made from the same tissue removed at operation. 
Such differentiation in the function of thyroid nodules 
contributes significantly to the intelligent treatment of 
these goiters. 

Hyperfunctioning adenomas of the thyroid are recog- 
nized as a source of clinical or masked hyperthyroidism 
which may produce cardiac damage. Their recognition 
and removal are often followed by remarkable improve- 
ment, This method of preoperative study has been of 
value in recognizing many such lesions. 

By this method of locating the concentrated radioiodine, 
an incidental non-functioning nodule in the thyroid of 
Graves’ disease may be distinguished from a hyperfunc- 
tioning adenoma producing hyperthyroidism. Since the 
management of these two problems may differ, the obser- 
vations are important. 

In our experience cancer of the thyroid collects less 
radioiodine than normal thyroid tissue. The finding of a 
nodule with a decreased or absent function eliminates the 
large group of hyperfunctioning nodules and thus in- 
creases our suspicion of malignancy. 

Pulmonary Circulatory Dynamics in Mitral Stenosis and 
Left Heart Failure. J. W. Dow (by invitation), L. 
Dexter, and (by invitation) F. W. Haynes, J. L. 
Whittenberger, and B. G. Ferris, Boston, Mass. 

Pressures in tlie pulmonary artery and pulmonary “ca- 
pillaries” were measured with Hamilton and saline man- 
ometers. Blood flow through the lung was determined 
by the direct Fick principle. Pulmonary arteriolar resist- 
ance was determined by the Poiseuille equation. 

In patients with mitral stenosis and left heart failure, 
pulmonary “capillary” pressure was elevated. In mild 
cases, the pulmonary artery pressure was likewise ele- 
\'atcd, while the pulmonary artery-pulmonary “capillary” 
pressure gradient, blood flow, and pulmonary arteriolar 
resistances remained normal. In more advanced stages, 
the pulmonary “capillar}'” pressure at rest exceeded the 
osmotic pressure of plasma, the pulmonary artery pres- 
sure became extremely elevated, and the pulmonary arteri- 
olar resistance rose to high levels due in part to a de- 
creased cardiac output but mainly to a 'high pulmonary 
artery-pulmonary “capillary" pressure gradient. 

It is concluded that in mitral stenosis and left heart 
failure (1) the pulmonarj’ “capillar}'” pressure is ele- 
vated, sometimes exceeding the osmotic pressure of 
plasma, (2) the pulmonar}' arter}' pressure rises to a sim- 
ilar extent in early cases and in advanced cases the rise 
is out of all proportion to the rise in pulmonar}' “capil- 
lar}-" pressure due to constriction of the pulmonar}' arte- 
rioles thus producing an obstruction to blood flow prox- 
imal to the pulmonar}- capillary bed. 

Bfect of Treatment on Renal Functions and Electrolyte 
Excretion in Congeslhr Heart Failure. David P. 


Earle, Jr., (by invitation) Saul J. Farber and John 
D. Alexander, and Ludwig W. Eichna, New York, 
N. Y. 

Serial observations on renal functions, daily electrolyte 
excretions and cardiovascular status were made on 2 pa- 
tients during various phases of congestive heart failure. 
They were maintained on regular hospital diet and mode- 
rate ward activity, and received no therapy other than 
digitalis products. Glomerular filtration rate (GF), 
renal plasma flow (PF) and TmPAH were reduced while 
the filtration fraction (FF), venous pressure (VP) and 
weight were elevated in both during tlie congestive failure 
phase. As edema was lost there was fall in VP and FF 
and some improvement in GF and PF. These changes, 
however, were slight and the functions did not return to 
normal. Electrolyte excretions paralleled water balance, 
but at no time did electrolyte excretions fall to very low 
levels. 

The acute effects of intravenous digoxin on the above 
functions were also studied. Rather prompt increases in 
water and sodium excretions were noted, even in the ab- 
sence of significant change in GF, PF or FF. Water 
and electrolyte excretions appeared to be inversely re- 
lated to the VP. In instances where VP fell but re- 
mained elevated well above normal, little or no increase 
in water or electrolyte excretion was observed. Simi- 
larly, marked diuresis was observed following intravenous 
injection of aminophyllin, without significant change in 
renal hemodynamics. 

These data are compatible with the thought that im- 
paired water and electrolyte excretion in congestive heart 
failure is not necessarily related primarily to the com- 
monly observed changes in renal hemodynamics. It ap- 
pears that increased renal venous pressure may play an 
important role in retention of water and sodium in con- 
gestive heart failure of man. Data bearing on the pos- 
sibility that cardiac glycosides may act on renal tubular 
mechanisms of electrolyte reabsorption is also presented. 

Effect of Protein Starvation on the Clinical Course, Liver 

Function, and Liver Histochemistry of Patients wiih 

Active Liver Disease. Richard Eckhardt, Norman 

Zamcheck, Richard Sidman and George Gabuzda 

(Introduced by Maxwell Finland), Boston, Mass. 

To clarify the role of protein in the treatment of human 
liver disease, 3 deeply jaundiced patients with active al- 
coholic cirrhosis (fatty) were provided with food ade- 
quate in calories but not sufficient in protein to maintain 
nitrogen equilibrium (0.5, 0.2, and 0.0 grams per kilogram 
body weight daily for 24, 8, and 11 days, respectively). 
Although negative nitrogen balance persisted, each mani- 
fested clinical improvement, a decrease in liver size and 
tenderness, a rapid fall in serum bilirubin and in urine 
bile, and a progressive decrease in urine urobilinogen 
(measured in 2 patients). Nitrogen balance became pos- 
itive when 1.0 to 1.4 grams of protein per kilogram daily 
were given. Improvement continued, but appeared less 
marked because of the extent of previous change. The 
scrum albumin concentration and thymol turbidity and 
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flocculation tests, although frequently abnormal, showed 
no consistent pattern of change. 

Histochemical studies were made of liver tissue ob- 
tained by biopsy from the last 2 patients before and dur- 
ing the low protein period and during the increased pro- 
tein feeding period. Five “protein starvation” biopsies 
showed an initial low cellular protein content which 
further diminished, moderate to marked fat which re- 
mained unaltered, and shrunken cells. Necrosis was not 
observed. The three “protein repletion” biopsies showed 
a marked increase in protein content, a progressive de- 
crease in fat, and a return of cell size and appearance to- 
ward normal. Liver glycogen progressively increased 
during both periods of study, while fibrosis (minimal) 
remained unchanged. 

It is concluded that, under the conditions of this study, 
improvement in clinical status and in liver function oc- 
curred in spite of negative nitrogen balance occasioned by 
diets grossly deficient in or devoid of protein. Liver his- 
tology, however, failed to reflect this improvement, and 
morphologic improvement appeared only with the pro- 
vision of adequate exogenous protein and the maintenance 
of positive nitrogen balance. 

Studies on the Pathogenesis of Nephrotic Edema. How- 
ard A. Eder and pRANas P. Chinard (by invitation), 
Henry D. Lauson, and (by invitation) Roger L. 
Greif, Alma Hiller, George C. Cotzias and Donald 
D. Van Slyke, New York, N. Y. 

The availability of concentrated human albumin for 
intravenous administration has made possible extensive 
studies of the sequence of events occurring during the de- 
velopment of nephrotic edema. The initial event is pro- 
teinuria. The renal mechanism involved has been exam- 
ined in nephrotic patients by measurements of the albumin 
clearance under conditions of changing plasma concentra- 
tions following infusion of albumin. It has been found 
that the excretion is proportional to the plasma concentra- 
tion, and that the albumin/creatinine clearance ratio is 
constant over a wide range of concentrations, unless the 
blood volume increases, in which case the ratio also in- 
creases. Our present concept is tliat in nephrosis albumin 
is filtered through tlic glomerular membrane in abnorm- 
ally large amounts, and that almost all of the filtered 
albumin is excreted, tubular reabsorption being relatively 
.slight The continued excretion of albumin results in 
hypoalbuminemia, and, in accordance with tlic Starling 
hypothesis, the plasma volume decreases absolutely as well 
as relative to tlie extracellular fluid volume. The dimin- 
ished plasma volume is believed to be responsible for the 
decreased renal excretion of water and salt which is the 
immediate cause of edema. This belief is based on the 
observation that the excretion of these substances rises 
sharply when the plasma volume is expanded following 
the administration of albumin. The fact that tlie rate of 
glomerular filtration is increased at the same time sug- 
gests that the retention of salt and M-ater during accumu- 
lation of edema may be attributed at least in part to a dc- 
the rate of glomerular filtration, relative to the 
intrinsic (i.r., non-!'.ormona1) tubular reabsorptivc activ- 
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ity with respect to water and salt. In addition, there is 
some evidence to suggest that increased secretion of salt- 
active adrenal hormones and antidiuretic hormone may 
play a role in the retention of salt and water. 

The Mechanism of Anemia and Its Infience on Renal 
Function in Chronic Uremia. Charles P. Emerson, 
Jr., and Belton A. Burrows (Introduced by Chester 
S. Keefer), Boston, Mass. 

The assumption that anemia in uremic patients is due 
to inadequate blood production rather than to excessive 
blood destruction has been tested in four cases of chronic 
nephritis with marked anemia and azotemia. Hemato- 
logic and metabolic studies were performed before and 
after successive transfusions of marked red cells which in 
each instance could be distinguished by means of selective 
agglutination technics from those of the recipient. The 
relative rates of erythropoiesis and hemolysis were esti- 
mated from the results of serial hematologic examinations, 
including separate measurements of the concentration and 
total volume of circulating donor and recipient red cells, 
the degree of reticulocytosis and of bilirubinemia. Paral- 
lel determinations were made of the concentrations of 
non-protein nitrogen and electrolyte constituents of the 
blood, the total volume of extracellular fluid, and the vol- 
ume and composition of the urine, as a basis for evalu- 
ating the influence of anemia and the effect of corrective 
blood replacement on renal function. 

The data obtained indicated that anemia in these cases 
was mainly attributable to a depression of erythropoiesis, 
but also suggested that a contributory factor in its patlio- 
genesis was the presence of excessive hemolytic activity, 
evidenced by the unusual rapidity with which donor red 
cells were destroyed following transfusion, tlieir elimina- 
tion from the blood of the recipient occurring at l.S to 3 
times the normally e.xpectcd rate. With respect to the 
clinical and metabolic effects of massive transfusions it 
was impossible, in this scries of patients, to demonstrate 
any correlation between tlic degree of renal decompensa- 
tion and the grade of coexisting anemia. Complete cor- 
rection of the latter by means of artificial replacement 
therapy failed in all instances to lessen or to increase tlic 
severity of the uremic manifestations or to influence tlic 
progress of the underljdng renal disease. 

The Iisstilin Glucose Tolerance Test — At: Improved Pro- 
cedure for the Detection of Hypoglycemia Unrespon- 
siveness in Pituitary and Adrenal Jr.r.ijJicieney. FraN'K 
L. Engel and (by invitation) James L. Scott, Dur- 
ham, N. C. 

The usefulness of the insulin tolcra-nce test for the diag- 
nosis of conditions diaracteriicd by hjiviglyccniia unre- 
sponsiveness is limited by the danger of serious h\-pog’y- 
ccmic reactions in those patients in v.hom the test sh.ouM be 
most valuable. Smaller doses of insulin often yield equiv- 
ocal results requiring rep-etition of the tcM. To overcame 
these objections adiu.-.lagc has l-ecn laVen of the feet th.at 
hj'paadrena! and h)7v''pit'jitary patients r.'.t ev’.y exhi’ it 
hs'P^’t lyccniia unrt£p>on«iver.eii after ir.tulin lut altn a <1;- 
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layed response to oral glucose during hypoglycemia. By 
giving 0.8 gm. of glucose per kilogram orally to the fasted 
subject 30 minutes after 0.1 unit insulin per kilogram intra- 
venously, hypoglycemic manifestations are aborted but 
hypoglycemia unresponsiveness is still apparent. Blood 
sugars are determined before insulin and at 30, 60, 90, 120, 
and 180 minutes. The results are expressed as per cent of 
the fasting blood sugar. In 9 normal individuals and 9 pa- 
tients with non-endocrine diseases the mean maximal rises 
in blood sugar after glucose were 149 and 128 per cent of 
the initial blood sugar at 90 minutes with a return to the 
fasting level at 180 minutes. In 7 observations on Addi- 
son’s disease and 6 on panhypopituitarism the mean max- 
imal rises were only 82 and 84 per cent of the initial blood 
sugar respectively and occurred at 180 minutes. None of 
the latter patients achieved a blood sugar after insulin and 
glucose as high as the lowest peak in the two control 
groups. As a group, 6 patients with anorexia nervosa had 
a mean response not significantly different from the con- 
trols. However, one patient fell clearly into the hypo- 
responsive range and one was borderline. Three patients 
with primary myxedema showed normal curves. Neither 
pretreatment with lipoadrenal cortex, intravenous cortical 
extract (50 ml.) or epinephrine before and after insulin 
restored the response of the hyporesponsive patients to 
normal. 

Skin Reactions to Toxoplasma Antigen in People without 

Knomi History of Infection. Harry A, Feldman and 

Albert B. Sabin, Cincinnati, Ohio. 

One hundred and forty-two residents of the Cincinnati 
area ranging in age from 3 months to 81 years were sur- 
veyed for their reaction to the intracutaneous injection of 
toxoplasma antigen prepared from infected chorioallantoic 
membranes of chicken eggs. The positive reactions, con- 
sisting of red, indurated, swollen, tender and itching lesions 
ranging in size from 60 X SO mm. to 10 X 10 mm. (the 
latter being relatively rare) , reached their maximum in 30 
to 48 hours. The incidence of positive reactions among at 
least 20 individuals in each age group listed was as fol- 
lows: 0-4 years — 0; 5-9 years — 5%; 10-19 years — 14%; 
20-29 years — 20% ; 30-39 years — 50% ; 40-49 years — 
65% ; 50-81 years — 65%. A positive skin test was in- 
variably associated with demonstrable to.xoplasma anti- 
body in the serum. Toxoplasma antibody in varying titer 
was also found in the serum of 7 of 18 persons (39%) 
with negative skin tests. Further evidence in favor of the 
high incidence of toxoplasma antibody among the “nor- 
mal” adult population was obtained when a 15-20 fold 
concentrated, commercial preparation of gamma globulin 
prepared from the plasma of more than 20,000 American 
adults was found to contain toxoplasma antibody in a titer 
of 1 : 256 as determined by the dye test. No agent having 
an antigen in common with toxoplasma and capable of 
giving rise to antibodies for this protozoon parasite has 
been found thus far. Therefore, one must consider the 
possibility that inapparent infection with toxoplasma may 
be verj- widespread, although it is rather curious that the 
incidence of antibodies (and presumably infection) should 
rise so slnrply after the 20th year of life. The to.xoplasma 


skin test is not useful for diagnosis because a strongly 
positive test bears no relationship to titer of antibody and 
a negative test is encountered too often in the presence of 
antibody. 

Studies on the Isolation and Identification of Beta-Hemo- 
lytic Streptococci from Throat Swabs. A. E. Feller, 
(by invitation) George F, Badger, John H. Dingle, 
(by invitation) Richard G. Hodges, and Charles H. 
Rammelkamp, Cleveland, Ohio. 

Investigations of the role of /3-hemolytic streptococci in 
respiratory disease require (i) sensitive methods for de- 
tecting the organisms on throat swabs, especially when 
they are present in small numbers, and (2) reliable meth- 
ods for characterizing the organisms so isolated. For the 
latter purpose, classification according to the serological 
groups of Lancefield is essential. 

The purposes of the present study were (1 ) to compare 
the sensitivity of the conventional streak plate method with 
the technique devised by Pike employing selective media 
for the detection of /3-hemolytic streptococci on throat 
swabs, (2) to devise a simple method for predicting that a 
certain organism can be grouped serologically, short of 
making an extract of each organism and testing it against 
group specific sera, and (5) to determine the reliability of 
the rather simple enzyme technique devised by Maxted 
for preparing extracts of the organisms for serological 
identification. 

Comparison of the streak plate method with the Pike 
technique showed that 96 per cent of 327 consecutive iso- 
lations of groupable streptococci were accomplished by the 
Pike method; in only 4% of the swabs was the streak 
plate positive when the Pike plate was negative. After 
evaluating many procedures it was found that /S-hemolysis 
of sheep blood agar (surface or deep colonies) is a sim- 
ple and reliable criterion for determining that a strepto- 
coccus can be grouped serologically (Lancefield). Or- 
ganisms failing to produce /3-hcmolysis on sheep blood 
agar have thus far not been groupable. Comparison of 
the enzyme technique of Maxted with the conventional 
formamide method of preparing extracts of streptococci 
for serological grouping has demonstrated essentially com- 
plete agreement when employing streptococci producing 
/3-hemolysis on sheep blood agar. The Maxted technique 
Is extremely simple and the extracts react with specfic 
sera in 15 to 30 minutes. 

Iron Metabolism in Hemochromatosis. C. A. Finch 
(Introduced by James P, O’Hare), Boston, Mass. 

Observations have been made relating to the diagnosis, 
pathogenesis, and treatment of hemochromatosis. 

Iron excess may be recognized by sternal puncture, by 
the per cent utilization of radioiron for hemoglobin pro- 
duction, and by determining the per cent saturation of the 
iron binding protein of the serum. The latter has proved 
particularly useful in the recognition of hemochromatosis. 

Since little iron is excreted in man, hemochromatosis 
must be associated with increased iron absorption. In 
animals it has been possible by dietary means to produce 
e.xcessive iron absorption, indicating that the normal mu- 
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CBsal regulation of iron absorption is not effective in cer- 
tain circumstances. It is also suggested by similarity in 
iron distribution in these experimental animals, in pa- 
tients with multiple transfusions and in idiopathic hemo- 
chromatosis, that the iron in all instances represents 
storage iron. Accordingly several patients have been re- 
peatedly phlebotomized. In contrast to normal subjects 
who rapidly exhaust their iron reserves and develop 
anemia, patients with hemochromatosis are able to give up 
large amounts of iron without evidence of iron deficiency. 

These studies provide methods of identifying enlarged 
stores of iron at an early stage in the clinical course of 
hemochromatosis and by phlebotomy a means of remov- 
ing the excessive iron found in this disease. 

Sweat Sodium Concentration in Thyrotoxicosis. Francis 
W. Fitzhugh and Arthur J. Moseley (by invitation), 
and Arthur J. Merrill, Atlanta, Ga. 

Conn has demonstrated an inverse relationship between 
the sweat sodium concentration and the activity of the 
sodium-retaining factor of the adrenal cortex. In the 
course of other studies, we found a low sweat sodium 
concentration in 10 of 11 patients with thyrotoxicosis. 
Our average for 26 determinations in 18 normal subjects 
was 49.1 mEq./l. with a range of IS to 92 mEq./l., all 
but 4 being between 24 and 70. The average for 10 of 11 
patients with thyrotoxicosis was 14.2 mEq./l. with a 
range of 2,4 to 26.6. The remaining patient had a sweat 
sodium concentration of 46.2 mEq./l. The BMR’s of 
these patients ranged from -f 42 to -1-80. 

Five normal individuals were placed on thyroid extract, 
2 grams daily. Three of these had a drop in sweat sodium 
concentration from 51 to 31, 61 to 32.5, and 92 to 22 on the 
7th, 7th, and 4th days respectively. One subject had a low 
control level of 19 mEq./l. and his sodium concentration 
rose to 25 on the 7th day. The fifth individual showed an 
increase from 32 to 63 mEq./l. on the 10th day. Two of 
those who had a fall in sweat sodium concentration were 
restudied with daily sweat sodium determinations. One of 
these had a marked diminution on the 9th day from 38 to 
19.5 followed by a rebound to 42 on the 11th day. The 
other showed no significant change. Reciprocal changes 
occurred in the sweat potassium concentration. No change 
was noted in the number of circulating eosinophils or in 
tlic BMR. 

The determination has been of assistance in diagnosis in 
two patients with thyroto.xicosis whose BMR’s were un- 
satisfactorj" and in whom the diagnosis was uncertain. 

In summary, a new mctliod is offered for tlie diagnosis 
of thyroto,xicosis whicli shows little overlapping with the 
normal. 

hlctahoUc Studies on Cushing’s Syndrome. P. H. For- 

stiAM and E, Funk (by invitation), K. Emerson, Jr. 

and G. \V. T iior.n, Boston, Mass. 

Eosinopenia (less tlian 50 cells per cu. mm.) appears to 
be characteristic of Cushing's sj-ndromc and an elevated 
urinary’ uric acid: creatinine ratio (greater tlun 0.S) fre- 
queruly occurs. Such citanges have been reproduced in 
normal subjects given adrcnocorticotrcpb.ic hormone and 


in patients with Addison’s disease on Compounds E and 
F. Following successful treatment, these values return 
to normal and their change constitutes a helpful indicator 
of the effectiveness of therapy. 

The refractoriness of certain patients with Cushing’s 
syndrome to the salt retaining action of desoxycorticoster- 
one (Soffer) has been confirmed. In a study on the met- 
abolic effects of Compound E in patients with Addison’s 
disease it was found that 100 mg. of Compound E daily led 
to slight sodium and chloride retention. In contrast, such 
patients when treated with desoxycorticosterone and show- 
ing marked sodium retention exhibited a paradoxical in- 
crease in sodium and chloride excretion when given addi- 
tional Compound E, On the basis of these observations 
on the competitive renal action of desoxycorticosterone (a 
powerful salt retainer) and Compound E (a weak salt 
retainer), it is suggested that the desoxycorticosterone 
acetate fastness of certain patients with Cushing’s syn- 
drome may be due to the blocking action on the renal 
tubule of an excess of adrenal steroids of the 11,17-oxy- 
type. 

Electrolyte Abnormalities in Chronic Congestive Heart 
Failure; Effects oj Administration of Potassium and 
Sodium Salts. Charles L. Fox, Jr., Charles K. 
Friedburc and Abraham G. White (Introduced by 
A. R. Dochez), New York, N. Y. 

Plasma, edema fluid and urine electrolytes were studied 
during congestive failure. Plasma sodium was signifi- 
cantly below normal in twenty-seven of thirty patients. 
Plasma chlorides and potassiums ranged from below to 
above normal ; chlorides, however, were relatively in- 
creased. Urinary sodium was low whereas potassium 
was high. Repeat measurements after recovery in five 
patients showed that the low sodiums had increased, 
whereas chloride and potassium shifted toward normal. 

During mercurial diuresis sodium chloride excretion in- 
creased but sodium in urine was usually hypotonic; chlo- 
rides however equalled or exceeded sodium. Potassium 
excretion increased fivefold. 

The data indicated that failure is frequently associated 
with hypotonic extracellular fluid excessive in chloride and 
that during recovery’, relatively more water, chloride and 
potassium are excreted than sodium. The possibility that 
some of the water excreted was of intracellular origin is 
also supported by the rise in the non-colloldal c-xlracellular 
osmotic pressure which might draw water from cells. 
Accordingly, sodium lactate was given to raise extra- 
ceHuiar sodium and bicarbonate concentrations, and potas- 
sium acetate to raise intracellular potassium and bicar- 
bonate, Up to 400 mEq. of each were administered orally 
for periods up to thirty days to six patients in failure. 
Mercurial diuretics previously required were emitted. 
Loss or no gain in v.cight occurred despite positive bal- 
ances of sodium and potassium. Sodium cxcreticn in- 
creased markedly altho-ugh subnenna! fla'ma solium ini- 
tially decrease furt5;er. Sb.lft cf v.-ater ireen i.ntr;- to 
cxiracellular compartments is thereby lurrested, 

Ir.dis-idua! a'iministratic'n tf tl.e ch.lcride and acetate cf 
Na or K increased weight {-ao to six kilogramj therefcee 
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mercurials were required after each single salt period. 
Simultaneous administration of sodium chloride and potas- 
sium acetate caused minimal weight gain despite positive 
Na, Cl, and K balances. 

Extracellular hypotonicity may be associated with intra- 
cellular hypotonicity and depletion, hence separate read- 
justment of either compartment augments edema. Intra- 
cellular abnormalities may also be important in failure. 

Quantitative Studies on Pulmonary Absorption of Aero- 
sols Made with Solutions of Sodium p-Amino Hippu- 
rate. William Franklin and Clarence Denton (by 
invitation) , and Francis C. Lowell, Boston, Mass. 

In the course of laboratory studies on the effect of aero- 
solized drugs and allergenic extracts in pulmonary dis- 
ease, the need arose for a method of determining, with 
some degree of accuracy, the amount of material retained 
by the subject. The use of penicillin (blood levels) or 
radioactive materials (tissue concentrations) was consid- 
ered and discarded as poorly adapted to the problem. 
Promising results have been obtained with aerosolized 
solutions of sodium p-amino hippurate. This compound 
is well tolerated and is rapidly absorbed and quantitatively 
excreted in the urine. The procedure followed was (1) 
to expose the subject to a measured volume of a standard 
aerosol of PAH, (2) to collect material not retained by 
the subject, and {3) to collect the urine over a six hour 
period, with determination of the amount of PAH after 
hydrolysis with acid. 

The aerosol, produced by nebulizers receiving oxygen 
delivered at an accurately measured rate, was passed over 
concentrated sulfuric acid in order to increase stability by 
partial drying into a spirometer (which provided the flex- 
ibility required by the intermittent removal of the areosol 
during the subject’s respiration) and through a flutter 
valve to the subject. Expired aerosol passed through a 
second flutter valve and was collected in a highly efficient 
impinger. Measurements were made of the PAH deliv- 
ered, the PAH in tlie collecting impinger, the valve as- 
sembly, and tlie urine. 

Repeated tests have shown that agreement within 10 per 
cent was obtainable between (1) the amount delivered and 
(2) tlie sum of that found in the urine, the expired air and 
valve assembly. The following results were obtained in 
one test with subject inhaling aerosol for ten minutes: 
amount of PAH delivered — % mgms. ; amount in expired 
air and valve assembly — 54 mgms.; amount in urine — 42 
mgms. 

Studies zrith a Ncxv Method for Quantitative Measurement 

of 1 Content of the Thyroid Gland in Man. A. Stone 

Freedberg, .^LViN Ureles and Marvin Van Dilla 

(Introduced by H. L. Blumgart), Boston, Mass. 

Direct measurement of uptake of radioactive iodine by 
the thyroid has been attempted by two techniques of ex- 
ternal counting: (i) a Geiger-Mueller counter is placed 
against the neck over the thyroid gland; (2) the tube is 
at ^•ar^■i^g distances from the neck. In both instances, 
the twriation in thyroid size and location (depth geometry 


and absorption) have not permitted quantitative measure- 
ment of I content. 

With 4-6 platinum cathode Geiger-Mueller counters 
connected in parallel and arranged in a circle 36-120 cm. 
in diameter, a central source of radiation was moved about 
within a sphere 8-32 cm. diameter concentric with the 
circle of counters; the maximum variation in counting 
rate was 5 per cent. When the source was surrounded by 
muscle, bone, water and saline in quantities approximating 
the human neck there was no significant change in count- 
ing rate. With a constant amount of radioactivity in vol- 
umes varying from S-350 cc. in different shaped containers 
no significant change in counting rate was observed. 
Identical amounts of I in 5 cc. and in 2,000 cc. of water 
placed in gallon jugs showed a decrease of 5 per cent in 
the counting rate in the latter instance. 

Preliminary studies in patients with varying thyroid 
gland size are consistent with mock up experiments. With 
a 4 tube circle of 104 cm. diameter, a central “sphere” is 
present approximately 20 cm. in diameter within which 
movement of the head and neck gave no significant change 
in counting rate. Thyroid uptake and urinary excretion 
has been measured by this method in euthyroid subjects 
and in patients with various thyroid disorders and will be 
reported. 

It is concluded that quantitative measurement of 1“’ 
content of the thyroid gland in man is obtained by the 
above described method independent of the size and loca- 
tion of the gland. 

Evaluation of the Dye Method for Estimating Blood Vol- 
ume in Man. Edward D. Freis, Joseph R, Stanton 
and Charles P. Emerson (Introduced by William L. 
Fleming), Boston, Mass. 

The higher estimation of blood volume using T-1824 
as contrasted with labeled red cells has cast doubt on the 
validity of dye methods for determining blood volume. In 
man the mixing time of T-1824 was relatively complete 
within the first three minutes following which there was 
a uniform and therefore detectable disappearance of circu- 
lating dye which could be corrected by extrapolation. Re- 
peated injections of T-1824 at short intervals indicated 
that there was no undetected dye loss during the initial 
mixing period. Simultaneous determinations of arterial 
and hepatic venous concentrations of dye failed to demon- 
strate significant escape of T-1824 in the liver. 

Measurement of the relative velocities of dyed plasma 
and identified red cells during a single circulation through 
a peripheral vascular bed revealed that in the capillaries 
the mean velocity of the cells was greater than that of 
plasma. The capillary hematocrit, therefore, must be 
lower than the large vessel hematocrit. These observa- 
tions support the validity of the dye method for measuring 
plasma volume and indicate that the high values obtained 
for total blood volume with T-1824 are not due to unde- 
tected escape of dye from the circulation but to the dis- 
crepancy in the proportion of red cells and plasma in large 
versus small vessels. 
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A Quantitative Study of the Rate of Renal Excretion of 
Qigitoxin. Meyer Friedman and (by invitation) 
Rene Bine, Jr. and Sanford 0. Byers, San Francisco, 
Calif. 

Hitherto, it has not been possible to determine with 
quantitative methods the role of the kidney in the excre- 
tion of digitalis glycosides. However, by means of the 
embryonic duck heart method, as little as one microgram 
of digitoxin could be detected in the 24 hour urinary output 
of the rat This technique therefore enabled us to study 
the rate of renal excretion of digitoxin in this animal after 
its parenteral administration. 

A series of 10 rats were given by intramuscular injec- 
tion 0.1 meg. of digitoxin per gram of body weight (or 
approximately IS meg. per rat) and the urine was col- 
lected daily for three days. Each 24 hour urine sample 
was analyzed for its digitoxin content. No digitoxin 
could be detected in the initial 24 hour urine collection of 
any rat, indicating that less than one microgram of digi- 
toxin had been excreted during this period. Likewise no 
digitoxin was found in the 48 or 72 hour urine sample of 
any rat. 

A series of 12 rats therefore were injected with 1.0 meg. 
of digitoxin per gram of body weight (approximately 225 
meg. per rat). It was found that there was an average 
excretion of 6.0 meg. of digitoxin (2.5 per cent of amount 
injected) during the first 24 hours following injection. 
No digitoxin, however, was detected in any of the urine 
samples collected during the 48 or 72 hours following 
injection. 

The above results indicate that the renal excretion of 
digitoxin in the rat is either nil or relatively insignificant 
even after the administration of relatively huge amounts of 
the drug. 

Effect of Lipotropic Agents, Testosterone Propionate, 
and Dietary Protein upon Nitrogen Balance in Patients 
with Liver Disease. George J. Gabuzda and Richard 
D. Eckhardt (by invitation) and Charles S. David- 
son, Boston, Mass. 

Four patients with Laennec’s cirrhosis and one with in- 
fectious hepatitis were maintained on basal diets providing 
25, 50, 75, 100 and 100 grams of protein daily. Initial 
control nitrogen balances averaged -4.2, +1.6, +3.3, +5.4, 
and +6.8 grams daily, respectively. The effect of supple- 
ments of choline and methionine, of testosterone, and of 
dictaty protein upon these balances was determined. 

The oral administration of 4.5 to 9.0 grams each of 
choline chloride and dl-mcthioninc simultaneously daiij- 
for 6 to 9 days to these 5 patients did not have a nitrogen 
sparing effect above that whidi could be accounted for by 
retention of part of tlie nitrogen contained in tlicse agents. 

Subsequent to control periods following the administra- 
tion of cliolinc and methionine, 25 mgm. of testosterone 
propionate was administered intramusailarly daily for 6 
days to the 3 patients with intakes of 50, 100. and 100 
grams of protein daily. Their ability to respond to a pro- 
tein anabolic stimulus was indicated by increased nitrogen 
retentions of 12, Z6, and 1.4 grams daily. 


After the reestablishment of nitrogen balances com- 
parable to initial control periods, increases in dietary pro- 
tein of 50 grams daily in the 3 patients on basal intakes of 
50, 75, and 100 grams of protein were accompanied by in- 
creases in daily nitrogen retention averaging 2.6, 3.8, and 
7.1 grams, respectively. The patient in negative nitrogen 
balance while receiving a 25 gram protein basal diet 
promptly established nitrogen equilibrium when the pro- 
tein intake was increased to 50 grams, although previously 
choline and methonine had failed to spare nitrogen. 

Although testosterone propionate had a protein anabolic 
effect in these patients with liver disease, it is concluded 
that positive nitrogen balance was most effectively 
achieved by adequate dietary protein. No appreciable 
nitrogen sparing action could be attributed to choline and 
methionine in the quantities used. 

The Effect of Anoxic Anoxia on the Human Kidney. 
Morton Galdston, Eugene Y. Berger, and Seymour 
A. Horowitz (Introduced by J. Murray Steele), New 
York, N. Y. 

Several factors, among them anoxia, may play a part 
in retention of salt and water in heart failure. The fol- 
lowing experiments were designed to test the effect of renal 
anoxia per se on these phenomena. In 7 subjects with 
normal cardiovascular, respiratory systems, renal function 
during inhalation of 14 per cent oxygen (arterial oxygen 
tension of approximately 50 mm. Hg), a degree of anoxia 
which results in barely perceptible changes in circulatory 
and respiratory dynamics, was compared with renal func- 
tion during the preceding and subsequent periods breath- 
ing room air. Similar studies were conducted in 2 emphy- 
sematous subjects with arterial blood oxygen tensions of 
approximately 50 mm. Hg while breathing room air and 
again, while breathing 100 per cent oxygen. Periods 
breathing room air were considered as the anoxic periods. 
Observations on respiration and circulation were also 
made. 

Renal plasma flow remained the same or tended to in- 
crease during ano.xia in all normal subjects. In the cm- 
phj'scmatous subjects it decreased during inhalation of 100 
per cent oxygen. Cliange in filtration rate during anoxia 
was not consistent in direction or degree. The most pro- 
nounced effect of anoxia on renal function was an invari- 
able and frequently marked increase in the rate of excre- 
tion of sodium, chloride, and water. The alterations in 
respiration and circulation which occurred during inhala- 
tion of 14 per cent and 100 per cent oxygen do not seem 
to account for tlic changes in renal plasma flow. Th.c con- 
clusion is drawn that anoxic ano.xia alone docs not appear 
to result in reduction of rcn.i! plasma flow or retention of 
salt and water. Other electrolyte changes studied will Ijc 
presented. 

Transfer to Xormr.l Red Cells of an Aggluti-.ir Det-.cn- 
siral'le in the Acidified Sera of Patients with AcT-i'-'ed 
Hemolytic Jaundice. Fea::k H. G.ssro.'rs (Intro- 
duced by Thomas Hale Ham), Boitnn, Misi. 

Studies of defihrinited 1 Itxd rambles fre-n 15 ; iti-ntr 
witlt acquired l.rmc'ytic jaundice have s'-.cv.r. agglut:-:!- 
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tions of Ni 5 were found in the uro- and coproporphyrin 
isolated during different periods. The data will be dis- 
cussed in relation to hemoglobin metabolism. 

The Neuromuscular and Ganglionic Blocking Action of 
bis-Trimethylammonium Decane and Pentane Dibro- 
mide (C 10 and C 5). David Grob and Duncan A. 
Holaday (by invitation) and A. McGehee Harvey, 
Baltimore, Md. 

Baton and Zaimis studied the effects in animals of poyl- 
methylene bis-trimethylammonium salts of the general for- 
mula (CH,)r-N-(CH,)n-N-(CHa)a(Br),. They found 
the C 10 derivative (n = 10) to be a neuromuscular block- 
ing agent and the C 5 derivative (n = 5) an autonomic 
ganglionic blocking agent. The administration of these 
compounds to man has shown that they are very effective in 
their blocking action at these sites and are clinically useful. 
The intravenous injection of 2.5 mg. of C 10 in normal sub- 
jects resulted in almost complete paralysis of the muscles of 
the extremities, with relatively slight weakness of swallow- 
ing, speech, and respiration. C 10 was administered to more 
than 60 patients for the relaxation of skeletal muscles dur- 
ing convulsive shock therapy and surgical anaesthesia. 
The effective dose of C 10 was one-third that of d-tubo- 
curarine on a weight or molar basis, and it had relatively 
less effect on the bulbar and respiratory muscles. The ac- 
tion of C 10 was of shorter duration than that of d-tubo- 
curarine. C 10 caused a progressive decline in the muscle 
action potential in response to nerve stimuli. In contrast 
to d-tubocurarine it produced no histamine-like effects. 
C 5 produced evidence of autonomic ganglionic block in 
doses one-tenth to one-twentieth that of tetraethylammon- 
ium, on a weight or molar basis. The intravenous admin- 
istration of 5 to 20 mg. of C 5 resulted in marked postural 
hypotention in most normal and hypertensive subjects, and 
a prompt fall in blood pressure in some hypertensive sub- 
jects. These effects persisted for as long as 3 to 6 hours. 

The Role of the Kidney in the Pathogenesis of Malignant 
Hypertension as Indicated by a Study of Dogs Main- 
tained with an Artificial Kidney after Nephrectomy, Im- 
plantation of the Ureters into the Bozvel or Vena Cava, 
and Ligation of the Ureters. Arthur Grollman, E. 
E. Muirhead and John Vanatta (Introduced by 
Gladys Fashena), Dallas, Texas. 

That the kidney plays a role in the animal economy in 
addition to its recognized function as an excretory organ 
has been inferred, particularly in relation to hypertension. 
However, direct experimental evidence bearing on this 
problem has not been possible since nephrectomy or aboli- 
tion by other means of renal function leads to death from 
cxcretorj' insufficiency before other evidences of renal dys- 
function are manifested. The present study is based on 
observations of more than 150 dogs subjected to (I) bi- 
lateral nephrectomy, (2) bilateral ligation or severance 
of the ureters, or (5) implantation of one ureter into the 
small bowel or into the vena cava with subsequent removal 
of the contralateral kidnej*. Survival of the animals was 
c.xtended by application of an artificial kidney, the use of 


which shall be described. Nephrectomy results In an ele- 
vation of blood pressure and pathological changes in the 
kidneys characteristic of malignant hypertension. These 
observations, which are contrary to those generally held 
on the basis of short survival studies, offer direct evidence 
against the view that renin or other pressor substances 
play a role in the pathogenesis of hypertension. 

In the presence of renal tissue as when a ureter is im- 
planted into the duodenum or vena cava and the contralat- 
eral kidney removed, no elevation in blood pressure ensues. 
However, pathological changes induced by the accumula- 
tion of catabolic waste products from the organism are 
induced. The experiments permit certain conclusions as 
to the relation of the presence of renal tissue, blood pres- 
sure changes and uremia in the pathogenesis of the struc- 
tural changes observed in malignant hypertension. 

The Application of Electron Microscopy to the Study of 
Connective Tissue Constituents. Jerome Gross (In- 
troduced by Walter Bauer), Boston, Mass. 

The electron microscope because of its high resolving 
power is capable of revealing the form of aggregation of 
macromolecules in certain biological systems. When this 
organization is of a constant and regular pattern one is 
provided with an accurate fingerprint of the substance 
which can be used for identification and study of formation 
and alteration. 

The fibrous components of the connective tissue, collagen 
and elastin, are particularly suitable subjects.' Up to the 
present only normal tissues have been studied, in part for 
the purpose of providing a base line for the eventual ex- 
amination of pathological material. An extensive study 
of collagen from many tissues of many animals has re- 
vealed a characteristic fibrillar unit with an axial repeat- 
ing period of 640 A units and a distinctive pattern of intra- 
period fine structure. 

A study of the elastic tissue of the mammalian aorta, 
ligamentum nuchae and fish swim bladder has revealed 
characteristic non-banded branching fibers which when 
digested by trypsin give rise to long filaments 120A in 
width in the form of tight, evenly coiled helices produced 
by the interlacing of finer threads approximately 70A in 
width. The -pitch of the helix, approximately S30A was 
the same for filaments from human, rabbit and rat aorta 
as well as ligamentum nuchae. Boiling the tissue in di- 
lute acid to remove collagen prior to enzyme digestion did 
not affect the filaments. 

The influence of pH and temperature on the state of 
aggregation and helical morphology of these structures 
will be discussed. 

It is concluded that the elastic fiber is a two component 
system composed of bundles of trypsin-resistant filaments 
of characteristic form and size imbedded in a trypsin- 
sensitive, heat-resistant “amorphous” binding matrix. The 
possible relationship of the elastic properties of the tissue 
to this structure will also be discussed. 

The Effects of Sympathectomy and Other Sympathico- 
lytic Procedures on the Cerebral Circulation in Essen- 
tial Hypertension. Joseph H. Hafkenschiel and 
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Henry A. Shenkin (by invitation), Seymour S. Kety 
and William A. Jeffers, Philadelphia, Pa. 

Quantitative data on blood flow, oxygen consumption 
and vascular resistance of the brain were obtained in 
hypertensive patients before and after bilateral lumbo- 
dorsal sympathectomy (9 patients), differential spinal 
sympathetic block (17 patients), parenterally administered 
dihydroergocornine (7 patients) and bilateral stellate 
ganglion block (S patients). 

Cerebral vascular resistance was significantly decreased 
following thoracolumbar sympathectomy, differential 
spinal block and intramusclar dihydroergocornine. Cere- 
bral vascular resistance was not lowered after block of the 
stellate ganglia bilaterally. 

These findings are interpreted as indicating that the in- 
creased resistance in the brain of essential hypertension 
is partially reversible. No evidence has been adduced 
that this resistance is mediated through the stellate gang- 
lia, but our data do not rule out completely a neurogenic 
mechanism. It is of interest that the cerebral blood flow 
and cerebral oxygen metabolism are unchanged with the 
hypotension of sympathectomy and dihydroergocornine; 
the cerebral blood flow decreased significantly only when 
the blood pressure was acutely and severely reduced by 
differential spinal block. 

It is concluded that procedures which produce a pro- 
longed but moderate fall in arterial blood pressure in 
hypertensives do not bring about a sustained reduction of 
the cerebral blood flow when measured in the supine posi- 
tion since the vessels of the brain are capable of compen- 
satory dilatation. When the reduction in blood pressure 
is sudden and excessive, however, the compensation may 
be incomplete. 

Analysis of Mechanism of Cooley’s Anemia by Transfu~ 
sion Survival of Erythrocytes. Henry E. Hamilton 
and Raymond E. Sheets (Introduced by Elmer L. 
DeGowin), Iowa City, Iowa. 

The survival of normal erythrocines and those from pa- 
tients with Cooley's trait were studied after transfusion 
into normal subjects, persons with Cooley’s trait, and pa- 
tients with Cooley's anemia by the Denstedt modification 
of the Ashby differential agglutination technique. A new 
mctliod of analysis was employed in which the ratio of the 
concentrations of the donor's cells to those of the recipient 
ivas used to indicate fluctuations in the plasma volume of 
the recipient, Uie relative rate of disappearance of trans- 
fused crythrocj-tes, the abnormal destruction of the recipi- 
ent s cells, and temporarj* erythropoietic arrest. 

It was found tliat normal crythrocj-tes normally survive 
transfusion into subjects with Cooley's trait and Cooley's 
anemia. The red blood cells from persons with Cooley's 
trait persist normally in the circulation of healthy subjects 
and in subjects with Cooley’s irasL Tlicy also survive a 
normal span in patients with Cooley’s anemia. Aruilvsis 
of the donor-recipient-ccll ratio demonstrates flat the 
mechanism of anemia in Cooley's disease is the rapid de- 
struction of the patient's own erythrocj'tes. Similar hem- 
oljtic episodes 0 . milder degree were also noted in persons 


with Cooley’s trait. In addition, periods of diminished 
and augmented rates of erythropoiesis were noted in nor-' 
mal subjects, persons with Cooley’s trait, and patients 
with Cooley’s anemia. 

(The data will be presented from twelve blood transfu- 
sions in which the method was applied in the study of 
Cooley’s anemia. Controls are derived from many other 
transfusions studied in normal subjects and patients with 
various blood dyscrasias.) 

Effect of InfiitenM Viral Infection on Ciliary Movements 
in the Mouse. Carl G. Harford and (by invitation) 
Mary Hara, St. Louis, Mo. 

Cells of respiratory epithelium of man and other ani- 
mals are equipped with cilia and the movements of these 
hair-like structures are thought to be an important means 
of natural resistance to bacterial infection. One theory 
concerning inception of respiratory infection is that viruses 
destroy the cilia-bearing cells of the epithelium thereby 
enabling bacteria to gain a foothold. In previous experi- 
ments, it was found that lowered pulmonary resistance of 
the mouse to inhaled pneumococci is associated with tlie 
lesion due to infection with influenza virus. The purpose 
of the present study was to determine whether viral im- 
pairment of ciliary action in the bronchi contributes to this 
lowered resistance since influenza virus is known to attack 
the bronchial epithelium. 

In addition to special stains for demonstration of cilia, 
their movement was visualized directly in thin slices of 
fresh lung which were mounted as wet preparations in 
saline. When the margins of bronchi were viewed under 
the microscope with reduced light or by phase micro- 
scopy, the rapid ciliary beat was seen clearly. 

In the viral lesion of 5 days duration, it was found that 
regeneration of bronchial epithelial cells had taken place 
and the cilia appeared normal both in morphology and mo- 
tility. Therefore, in order to observe the maximal effect 
of viral infection on ciliary action, many lethal doses of 
virus were employed and observations were made after 2 
to 3 days so that the greatest number of epithelial cells 
would be in the stage of necrosis. Even under these con- 
ditions, the majority of ciliated cells were not involved 
and profuse ciliary movement was observed regularly. 

These findings do not support the Uieorj' tlrat viruses 
affect resistance by interference witli ciliary action. 

Lh'cr and Kidney Function in Rocky Mountain Sfotted 
Fever. George T. Harreu., Winston-Salem, N. C. 

Chcmothcrapj' or specific immu.notherapy is adminis- 
tered to eradicate an etiologic agent. Specific therapy, as 
opposed to supportive therapy, may not prevent or control 
physiologic disturbances induced by an ir.feclicn. From 
1942-19-t7, liver and kidnej- fu.nction tests ••■.ere tvrrfo.mned 
on 16 duldrcn and 10 adults with Rocl.y tt-'tt-d 

fever. Tests were done on admission, at the clinical p»-a>; 
of the disease, during ccnvalet-rence a.nd after d:r.:.h,ir,~e. 

Liver: Ixtss tiusn 3 gm. o; galactote was exere;e-2 in 11 
tests. In 21 tests, less tluin 2.7 gm. (oral) or 0“ gra 
(IV) cf hippuric add si-as excreted in 15 i.o'ti.nte:. 
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Bromsulfalein was retained 6 times in 18 tests. Serum 
bilirubin exceeded 4 mg. per cent only once. Prothrombin 
time was elevated markedly in 2 patients. Serum albumin 
was below 3.5 gm, per cent in 18 patients. 

Kidney: Urea clearance was below 70 per cent in 9 of 
13 patients. Phenolsulfonphthalein excretion exceeded 65 
per cent (SO per cent in children) in 9 patients. The 
NPN exceeded 40 mg. per cent in 7 patients. Slight al- 
buminaria was occasionally observed. RBC were found 
in the urine in 5 patients and casts in 8. 

Liver damage, related in degree to the clinical severity 
of the disease, was greatest by hippuric acid test and oc- 
curred with or following the clinical peak. BSP, pro- 
thrombin, and albumin alterations occurred during the 
acute febrile phase. Function returned to normal with 
convalescence. 

Kidney damage was less marked in degree, unrelated to 
the clinical severity, occurred before or during the clinical 
peak and returned to normal with convalescence. No 
glomerulonephritis was seen. Azotemia is probably due 
to fluid and circulatory disturbances rather than renal 
damage. 

In 18 patients a high protein diet protected against 
changes in serum albumin and hippuric acid excretion; it 
did not decrease renal function but occasionally overloaded 
the kidney. 

The mechanism responsible for the changes is obscure. 

T/te Response to Adrenocorticotrophk Hormone in Pa- 
tients with Scleroderma and the Therapeutic Use of Tes- 
tosterone. Saul Hertz and (by invitation) Peter H. 
Forsham, Boston, Mass. 

Scattered evidence has pointed to an endocrine faetor 
in scleroderma, but none put forth to date incriminates 
any specific glandular defect. Suggestive features of a 
positive type include the marked incidence of hypercrea- 
tinuria, reduced creatine tolerance tests, low urinary 17- 
ketosteroid excretion and a relationship of onset of periods 
of exacerbation to menstruation, menopause, etc. Pre- 
dominance of the disease in the female sex, and in prepu- 
bertial males, has been impressive. Disorders of calcium 
metabolism (ectopic calcification), negative nitrogen bal- 
ance and marked wasting have been emphasized. We have 
confirmed these findings in our scries. The creatinuria, 
myopathy, negative nitrogen balance, pigmentation and 
occasional low scrum sodium and chloride levels are com- 
patible with some degree of gonadal or adrenal hypofunc- 
tion. That this might be secondary to pituitary under- 
activity is suggested by low FSH titres, I uptake by the 
thyroid and 17-kctosteroid excretion. 

Seven cases have been studied from tlie standpoint of 
17-ketostcroid excretion, creatine tolerance and responses 
to cpinephine and ACTH. 

17-Ketosteroid values on 24-hour urines in this group 
ranged from 1.2 mg. to 6.0. However, 4S-hour tests with 
-•\CTH (40 mg. per day) led to a marked rise in 17- 
kctosteroid excretion and other evidences of "S” factor 
activation. 

Since .ACTH is not available for therapeutic applica- 
tion, we chose to observ'e 4 patients on high dosage of tes- 


tosterone propionate intramuscularly. Dosage ranged 
from 25 to 50 mgs. X 3 per week. Gradual disappearance 
of skin lesions, as well as improvement in esophageal 
involvement (radiologic evidence) took place. Rapid 
weight gain and increased appetite and strength together 
with the establishment of a positive nitrogen balance oc- 
curred. Therapy was continued to the point of develop- 
ment of edema; slight hirsutism and masculinization of the 
voice were encountered. These subsided quickly after 
cessation of therapy and the skin lesions showed no recur- 
rence four to five months after the end of therapy. 

The Pulmonary Vascular Resistance. John B. Hickam 

(Introduced by Eugene A. Stead, Jr.), Durham, N. C. 

Normally the pulmonary arterial pressure is low and 
little affected by changes in blood flow. In congestive 
failure the pressure is high and may be greatly increased 
by exercise without change in flow. It is difficuH to in- 
terpret these observations in terms of the state of the pul- 
monary vessels because the pulmonary arterial pressure 
also depends on the blood flow and the pulmonary venous 
pressure. The latter can not usually be measured. The 
present report presents data obtained from 4 patients with 
atrial septal defect in whom it was possible to catheterize 
both pulmonary arterial and venous systems and to meas- 
ure blood flow, pressure gradient, and pulmonary vacular 
resistance. 

In 2 subjects without apparent pulmonary vascular dis- 
ease, the resistance was extremely low (0.6 to 0.9 mm. 
Hg/l./min.). Blood flows of 15 and 20 l./min. were 
maintained by gradients of 13 and 12 mm. Hg. One sub- 
ject with congestive failure and pulmonary arterial hyper- 
tension had a flow of 15 l./min. with a gradient of only 4 
mm. Hg. This indicates that the high pulmonary arterial 
pressure resulted from transmission of a high pulmonary 
venous pressure back through the pulmonary vascular bed. 
The low gradient suggests passive dilatation of the bed. 
Exercise caused a large rise in pulmonary arterial pres- 
sure, two-thirds of which resulted from an increase in 
venous pressure and one third from an increase in vascular 
resistance. One subject had pulmonary vascular disease 
and a high resistance (80 times that of the preceding 
subject). 

The observations provide quantitative data on the wide 
potential range of pulmonary resistance and suggest the 
means by which congestive failure produces pulmonary 
arterial hypertension. 

Experimental Evidence on the Mechanism of Diabetic 

Ketosis. Lawrence E. Hinkle, Jr., and George A. 

Conger (by invitation) and Stewart Wolf, New York, 

N. Y. 

In a study of 25 human subjects with diabetes mellitus, 
approximately 50 instances of clinical ketosis were ob- 
served to occur in a setting of emotional conflict and in 
the absence of other pertinent factors including infection. 
Moreover, day to day observation of these subjects both 
in and out of the hospital yielded a close correlation be- 
tween life situation, emotion, and the metabolic state as 
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reflected by glycosuria, ketonuria, insulin requirement, and 
the symptoms oi diabetes. 

In an experimental study of nine of the subjects, quan- 
titative measurements of blood ketone and glucose concen- 
trations and concomitant determination of urine volume 
and glucose were made before, during, and after an inter- 
view in which intense emotional conflict was 'engendered. 
Ages of the patients varied from 14 to 60 years, and insulin 
requirements from none to 100 units per day. The chem- 
ical determinations were made on either perpheral venous 
blood or on blood withdra-wn directly from a catheter in- 
troduced into the hepatic vein. In all cases a significant 
elevation of blood ketones, as well as a marked increase in 
the urine volume and rate of urinary glucose excretion, 
occurred during the traumatic interview. In the most 
severe diabetics the rapidity and degree of the increase in 
blood ketones and urine sugar was greatest, but neverthe- 
less a marked degree of ketosis was produced in one of 
the mildest diabetics when the traumatic conflict situation 
was prolonged. The level of the blood glucose also fluc- 
tuated significantly, and was usually lower at the end 
than at the beginning of the experimental period. 

Thus, significant emotional conflict has been shown to be 
associated with a rise in the blood ketone level and a si- 
multaneous “washing out” of glucose through diuresis. 
The evidence indicates that such a mechanism is commonly 
involved in the decompensation of diabetes and the pro- 
duction of clinical ketosis. 

The Usefulness of the Prompt Direct Reacting (!') 
Serum Bilirubin in the Study of Mild or Latent Jaun~ 
dice. F. W. Hoffbauer, Minneapolis, Minn. 

During the last four years the fractional serum bilirubin 
determination according to the Ducci-Watson modification 
of the Malloy-Evelyn method, has been widely applied in 
the study of patients with hepatic, biliary tract, and hema- 
tologic disorders. The method is informative at any level 
of the serum bilirubin, but has demonstrated greater use- 
fulness in mild or latent jaundice. Therefore, for the pur- 
pose of the present study, the cases included have had 
total serum bilirubins not exceeding 3 mg. per 100 cc. 

The level of the prompt reacting (1') serum bilirubin 
has been vcr>' helpful in demonstrating hepatic abnormality 
or low grade biliary obstruction where the total serum 
bilirubin was increased but slightly or not at all. In a 
number of instances of minimal regurgitation jaundice, the 
increase in prompt reacting scrum bilirubin was well cor- 
related with bromsulfalcin retention and positive cephalin 
cholesterol flocculation (parcnchj-mal liver disease), and 
with increases of alkaline phosphatase and scrum choles- 
terol (c.xtrahcpatic biliary obstruction). Gmversely, in 
pure retention jaundice, increases in the indirect reacting 
(T-T) scrum bilirubin, with slight or no increase in the 
1' value, have been quite uniform. 

D.vta correlating the essential clinical features and the 
results of other liver function studies will be analysed and 
discussed. 

Experitnrr.lal Et-idcjtce en the Relative Ryeels cf Life 

Stress and Inhaled Pollen in Ilcy Pover, Tiiost.ts H. 


Holmes and Theodore F. Teeuting (by invitation) 

and Harold G. Wolff, New York, N. Y. 

An experimental attempt was made to clarify the rela- 
tive importance of stressful life situations and inhaled pol- 
lens in the pathogenesis of hay fever. In 30 subjects, IS 
of whom had had hay fever, repeated quantitative studies 
of nasal function were made under uniform conditions in a 
room in which a known concentration of pollen was 
circulated. 

Nasal hyperfunction characterized by varying degrees 
of hyperemia, swelling and hypersecretion of the mem- 
branes as well as eosinophilia in the nasal secretions and 
circulating blood occurred in all subjects, “sensitive” or 
“normal,” exposed to mixed ragweed pollen when the cir- 
cumstances were appropriate. When nasal function was 
average, neither “sensitive" nor “normal” subjects reacted 
to mixed ragweed pollen with sufficient evidence of nasal 
^yperfunction to produce symptoms. However, when 
there was preexisting nasal hyperfunction from whatever 
'cause, both groups reacted to the pollen with marked nasal 
hyperfunction, weeping and sneezing. Thus during diffi- 
cult life situations productive of conflict typical hay fever 
attacks followed pollen inhalation. Conversely, it was 
possible during pollen inhalation in the absence of frank 
hay fever to induce an attack by a discussion of significant 
personal problems and to induce subsidence of the attack 
by reassurance while the pollen is still being inhaled. 

Unilateral procaine block of the stellate ganglion in 10 
subjects yielded evidence that nasal hyperfunction engen- 
'dered by conflict situations was mediated through para- 
sympathetic fibers in the greater superficial petrosal nerve. 
Inhalation of pollen following this procedure precipitated 
the signs and symptoms of unilateral rhinitis which spared 
the non-hypcrfunctioning membrane on the uninjcctcd side. 
It was concluded that “sensitive” individuals differ from 
normals only in degree, that pollen or stressful life situa- 
tions may induce nasal hypcrfunction in either with asso- 
iciated local and circulating eosinophilia and symptoms of 
rhinitis. The various factors provocative of nasal hypcr- 
function with s>Tnptoms of hay fever thus exert an addi- 
tive effect 


Quantitative Estimate of Vasomotor Tone in the Human 
Extremity with Comparative Studies of the Sympathetic 
Blocking and Adrenolytic Properties of Tetracthylam- 
monium, Priscol, and Dihydrocrgocorr.inc. SirtEV W. 
Hoodler, John W. A\’eea, Samuel G. McClella;.* and 
William J. Little (Introduced by Riclard H, 
Lyons), Ann Arbor, Mich. 

Presumably complete bloclmde of ssinpathctic vasomotor 
tone in the human subject without marked organ-c s-ascu- 
lar disease ss-as produced by means of spinal anesshrsia, 
caudal anesUiesia, lumbar p.aravertcbrn! block, cr ssitbin 
2A hours after ss-mpathectomy. Blood flow to t.';e foct. as 
measured by the venous occlusion plethyirr.-'criph. v. as 
regularly i.ncrcased to an averare cf 14 tirr.-s ccr.trol 
values. In contrast, tctraethy'imm-nium (f 'O milliprarr.i 
intravenously) increased V-cryl P.ow to an averare rf 7 
times resting levels and prolurc-l no vat vlilatat'^n after 
simpatlstclcmy or after int.-a-arteria! ad.-nir.iit.'ati:-. In 
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usual clinical doses it therefore produced an approximately 
50' per cent blockade of sympathetic vasoconstrictor tone 
and had no local vasodilator action. 

Priscol (30-50 milligrams intravenously) induced a 
three fold increase in blood flow in the foot and a two fold 
increase in the innervated and denervated hand. Blood 
flow likewise was increased after intra-arterial injection. 
In this dosage the effects of the drug can in large measure 
be accounted for by a local vasodilator action, although 
slight sympatholytic activity can not be excluded. 

Dihydroergocornine (0.25 - 1 milligrams intravenously) 
caused a slow and delayed increase in blood flow to 2.6 
times resting levels in the foot and 2.1 and 2.4 times rest- 
ing levels' in innervated and denervated hand respectively. 
In this dosage the drug has little or no sympatholytic ef- 
fects and may produce vasodilatation after conversion into 
a vasodilator agent or by altering existing vaso-regulatory 
mechanisms which are not mediated through sympathetic 
pathways. 

Adrenolytic activity was measured by determining the 
effect of the drugs on the vasoconstrictor response to 
intra-arterial injection of epinephrin. When tetraethyl- 
ammonium, DHO, or benzodioxane (16 milligrams) was 
administered intravenously, the response to intra-arterial 
epinephrin was not altered. On the other hand priscol 
intravenously had a moderate adrenolytic effect. When 
high local concentrations of the last three drugs were 
achieved by intra-arterial injection, significant adrenalin 
blocking action was demonstrated. 

Iron Metabolism Studies in Normal Subjects and in Pa- 
tients having Blood Dyscrasias. Rex Huff and 
Thomas Hennessey (by invitation), and John H. 
Lawrence, Berkeley, Calif. 

Shemin and Rittenberg have provided a method for ac- 
curate determination of the life of the red cell. With the 
need in mind for a method of determining the rate of pro- 
duction of hemoglobin; iron turnover in plasma and red 
cells of normal subjects and patients having polycythemia, 
leukemia, and refractory anemia has been studied. Total 
subjects numbered 30. 

Iron 59 (80-480 micrograms) was administered intra- 
venously. The plasma iron level was not significantly 
altered ; thus the clearance as measured by the rate of de- 
crease of labeled iron in the plasma was effected at a con- 
stant plasma iron concentration. The coefficient of clear- 
ance (fraction of plasma volume cleared of iron per hour) 
was as low as 0.09 in a refractor}’ anemia patient and as 
high as 3.S4 in a polycythemia patient. The normal value 
was 0.35. 

The appearance of iron 59 in the circulating red cells 
was usually of a double exponential nature. The time re- 
quired for a final level to be reached \-aried from 5 to 40 
days. The trend was toward a more rapid appearance in 
the polycythemics and some of the leukemics. 

The fraction of the total dose present in the circulating 
red cells at equilibrium was computed on the basis of a 
circulating red cel! mass determined by tagged cell meth- 
exjs or by estimation. The fraction utilized varied from 
0.05 in a refractory anemia patient to 0.95 in a patient 


who had had a severe hemorrhage. The average normal 
was 0.80. 

The amount of iron incorporated into red cells per day 
varied from 220 mg. in a polycythemic to 2.9 mg. in a re- 
fractory anemia patient. The average norma! value was 
approximately 20 mg. 

The authors believe that here is a method for the deter- 
mination of the rate of hemoglobin production in normal 
and pathologic states. 

The Role of the Hypothalamus in the Pituitary-Adrenal 
Cortical Response to Stress. David M. Hume (In- 
troduced by Francis D. Moore), Boston, Mass. 

The mechanism responsible for increased secretion of 
anterior pituitary adrenocorticotrophic hormone after non- 
specific trauma and stress, and the consequent rise in the 
litre of circulating adrenal cortical hormone has been 
studied in dogs and man. Trauma, insulin, chemical irri- 
tants, and epinephrine have been used as the stimulators 
of the pituitary-adrenal cortical system. The fall in cir- 
culating eosinophils has been used as an indicator of in- 
creased adrenal cortical activity, as this has been shown 
previously to be a measure of 11-17-oxysteroid output by 
the adrenal cortex, and to be dependent on the secretion 
of anterior pituitary adrenocorticotrophic hormone. The 
integrity of the anterior pituitary and adrenal cortex has 
been shown to be essential for the eosinopenic response to 
stress. 

Anterior hypothalamic lesions in the supra-optic nucleus 
producing diabetes insipidus do not interfere with the nor- 
mal eosinopenic response to stress ; nor does divesting the 
pituitary of its vascular and nervous connections with the 
intact hypothalamus. However, specific localized electro- 
lytic lesions placed in another area of the anterior hypo- 
thalamus abolish the usual eosinopenic response to stress- 
ing agents, even in the presence of an intact pituitary ; and 
significant alterations in response follow lesions in the 
afferent tracts to this area. An extract of the hypothal- 
amus has been prepared which on injection is capable of 
producing good eosinopenic responses in norma! animals 
and also in animals whose hyperthalamic lesions render 
them incapable of responding to any of the stressing agents 
tested. These findings suggest the presence of a hormonal 
mechanism located in the anterior hypothalamus which, 
when activated in stress, will release a substance capable 
of causing an increased secretion of adrenocorticotrophic 
hormone by the anterior pituitary. In the absence of this 
mechanism no increased secretion of adrenal hormone can 
be detected in response to stress by the methods employed. 

electrolyte and Renal Function Studies in Cower Nephron 
Nephrosis. Lloyd T. Isem, Thomas M. Batchelor, 
A. J. Boyle, and S. D. Jacobson (by invitation) and 
Gordon B. Myers, Detroit, Mich. 

\yith the aid of the Beckman flame photometer and 
emission spectrograph, rapid determinations of plasma and 
urinary sodium and potassium were obtained and utilized 
as a guide to therapy in patients with lower nephron 
nephrosis. Simultaneous mannitol, para-aminohippurate. 
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sodium and potassium clearances were determined periodi- 
cally. . Impaired tubular reabsorption of sodium with rela- 
tively high urinary sodium concentration was demonstrated 
during the early stages and restoration to normal reabsorp- 
tive capacity during recovery. Markedly negative nitro- 
gen balances were also observed during recovery. 

In some of the cases, renal functional studies were cor- 
related with the pathological findings in material obtained 
by renal biopsy or at autopsy. The relationship between 
pre-renal azotemia, lower nephron nephrosis, and bilateral 
cortical necrosis of the kidneys will be discussed. 

Studies of the Principle in Liver Effective in Pernicious 
Anemia. VII. The Augmentative Effect of Accessory 
Factors on the Therapeutic Activity of Vitamin B12. 
Bernard M. Jacobson and (by invitation) Ronald C. 
Bishop, Boston, Mass. 

Evidence has accumulated that the therapeutic action of 
liver extract in pernicious anemia depends upon the pres- 
ence of a primary factor, exerting by itself only slight or 
moderate hematopoietic effect, and upon the presence of 
five chemically distinct accessory factors which, in the ab- 
sence of the primary factor, are therapeutically inert, but 
which augment the activity of the primary factor. The 
accessory factors include J-tyrosine, a peptide, xanthop- 
terin, tryptophane, and guanosine. 

The availability of crystalline vitamin B12 made possible 
the study of this material as a primary factor. Erythro- 
cyte regeneration curves were constructed from data in 
the literature and from personal observations concerning 
sixteen patients who received vitamin BI2 parenterally in 
a calculated average daily dose of 2.1 micrograms. When 
contrasted with similar curves representing the effect in 
a larger number of patients of commercial liver extract 
in a calculated average daily dose of 2.1 U.S.P. units, it 
becomes evident that the hematopoietic effect of pure 
vitamin B12 is inferior to that of a comparable dose of 
commercial liver e.xtract. Erythrocyte regeneration fol- 
lowing the administration of a comparable amount of non- 
crystallinc primary factor together with accessory factors 
similarly was more rapid than that induced by vitamin 
B12. Thus, in a range of initial erythrocyte levels from 
1.50 to 1.99 millions per cu. mm., the average daily eryth- 
rocyte increment, in thousands per cu. mm., were as fol- 
lows: commercial liver extract, 78; primao’ factor to- 
gether with accessory factors, 86; vitamin B12, 59. Simi- 
larly, in a range from 2.50 to 2.99 millions per cu. mm., 
the average daily increment was 63, 61, and 31, re- 
spectively. 

The augmentative effect of accessorj* factors on the ac- 
tion of vitamin B12 is illustrated by data of individual 
cases. 

The Role of the Spleen in Radiation Injury. Lxox O. 

Jacobson, adcago, 111. 

In an attempt to study the significance of the spleen in 
recovery from or compensation for radiation injury, four 
groups of mice were prepared. Group I consisted of un- 
treated controls. Mice in groups II. Ill and IV were 


anaesthetized with nembutal and the spleens brought out 
through an abdominal incision with the main pedicle in- 
tact. Groups' III and IV mice were irradiated with 600 
r whole body X radiation (250 kv.) except that during 
the irradiation the mobilized spleens of group IV were 
placed in a lead box with an opening for the pedicle only. 
After irradiation the spleens of groups II, III and IV 
mice were returned to the abdominal cavity. 

The widespread destruction of hematopoietic tissue 
which developed in mice that received 600 r inclusive of 
the spleen (group III) produced a severe anemia, leuco- 
penia and thromboc 3 ^openia. Ectopic erythrocytopoiesis 
in the lead protected spleens of mice given 600 r (group 
IV) compensated with such rapidity for the marrow de- 
struction that no anemia of significance developed. Ec- 
topic granulocytopoiesis and megakaryocytopoiesis in the 
lead protected spleens compensated significantly but at a 
slower pace and less completely for the marrow de- 
struction. 

A marked and sustained decrease in the amount of 
lymphatic tissue occurred in the lead protected spleens 
(group IV) as ectopic hematopoiesis increased. This de- 
crease in lymphatic tissue may be an indirect effect of 
irradiation. 

The rapidity with which erythrocytopoiesis transferred 
from the X ray damaged marrow to the lead protected 
spleen in the absence of anemia suggests tliat the mechan- 
ism of stimulation of erythrocytopoiesis under the condi- 
tions of this experiment may involve some factor or factors 
other than or in addition to the accepted hemoglobin oxy- 
gen relationship. 

Preliminary studies indicate tliat a significantly larger 
number of the irradiated animals with a lead protected 
spleen (group IV) survive than irradiated animals without 
spleen protection (group III). 

Degradation of "Prothrombin-Converting Factor" in Sera 
of Individuals Receiving Dicumarol. Ralph F. Jacox 
and Robert Bays (Introduced by Howard B. Slavin), 
Rochester, N. Y. 

A study of the differential clotting action of fresh scrum 
for fibrinogen and whole 0.01 M oxalatcd plasma, rcvc.al.s 
tliat the scrum coagulating factor is not thrombin, but a 
“prothrombin-converting factor.” This factor rcfjuirc.s 
ionized calcium before it can be actirated from an inert 
precursor c.xisting in oxalatcd plasma or circulating whole 
blood; while the conversion of prothrombin to thrombin 
by the scrum factor takes place in the virtual absence of 
ionized calcium. Immediately after coagulation has been 
initiated by thromboplastin or platelets, a residuum of 
“protlirombin-converting factor" remains in the c.rpressed 
scrum. In individuals with a normal quantity of ph'ma 
prothrombin, the rate of disappearance for derrad.iti'^n) 
of the serum "prothrombin-converting factor" is conttant. 
In sera of individu.als receiving dicumarol. th.e d-g.mdat: .-n 
rate of the serum “p.^'othrombin-cenverting fr.rtor” u!u.'.ny 
surics s'irectly with plasma prt thrmn’ in cce-centrati n. 
By applying the fo.mg.ula 

- I'--.' ef, 

T,-T, 
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wherein ch - cto is clotting time (seconds) of scrum for 
plasma and T, - r„ is elapsed time (minutes) for a given 
change to take place, one can express degradation rate 
(D,R.) as a unit. 

The sera and plasmas of a series of patients receiving 
dicumarol were assayed daily for prothrombin (1 and 2 
stage technique) and serum “prothrombin-converting fac- 
tor’’ degradation rate. Good correlation between the two 
determinations existed, although the measurement of the 
degradation rate of serum “prothrombin-converting fac- 
tor” was no substitute fbr conventional methods of pro- 
thrombin assay. 

Immunologic Studies of an Iron Binding Protein in Hu- 
man Serum. B. V. Jacer (Introduced by M. M. Win- 
trobe), Salt Lake City, Utah. 

The immunologic properties of a crystalline gobulin 
(Fraction IV-7-4) have been examined. This protein, 
isolated by Cohn and coworkers from plasma, has been 
found to have the property of binding with iron in vitro. 
A number of rabbits were immunized to this fraction. 
From a study of the antigen-antibody interactions of these 
antisera with the homologous antigen. Fraction IV-7-4 
appeared to be immunologically homogeneous. 

Standardized antisera were obtained by determining the 
amount of precipitate formed (antigen -f- antibody) after 
addition of varying known quantities of the IV-7-4 anti- 
gen. With this calibrated antiserum the amount of im- 
munologically reactive IV-7-4 antigen in any unknown 
human serum can be determined by the quantitative pre- 
cipitin technique. 

As measured immunologically, the amount of IV-7-4 
antigen in 14 normal human sera ranged from 0.21 to 0.31 
grams per 100 ml. The mean value was 0.27 grams or 
3.4 per cent of the total serum protein. Similarly, im- 
munologic values were obtained for the sera of a number 
of pregnant women and a number of patients with acute 
or chronic infections. The values were increased in the 
pregnant women and reduced in tlie patients with infec- 
tions. This was in accord with the alterations in the 
chemically determined total iron binding capacity of these 
sera. 

The data are interpreted as indicating that the lV-7-4 
protein present in human serum comprises all or nearly 
all of the iron binding protein. 

Metabolic Changes in Heat Acclimatised Men during 

Abrupt Exposure to a Very Cold Climate. Robert E. 

Johnson and Chauncev G. Blv (by invitation), Rob- 
ert M. Kark and (by invitation) C. Frank Consol- 

Azio, Chicago, 111. 

Thirty-two healthy young men, acclimatized for six 
months to Florida weather and unaccustomed to cold 
weather and its hardships, were taken by air from Florida 
(mean temperature -fS7° F.) to a verj’ cold climate with- 
out layover, in January. On arrival in the subarctic, they 
were isolated in “survival areas.” Studies were intensive 
for the first 24 hours (mean temperature -26° F.), and 
less intensive for 11 more days. Two questions were 


asked. What metabolic changes are manifest in un- 
trained, unacclimatized men during abrupt exposure to ex- 
treme cold, even with adequate clothing and environ- 
mental protection? For such changes can unifying 
explanations be found in the literature on cold and heat 
acclimatization, the catabolic phase after injury, or the 
“adaptation syndrome” ? 

Statistically significant responses during the first 24 
hours included : transient hypothermia ; diuresis, with neg- 
ative water balance; hemoconcentration, with increases in 
serum protein, hemoglobin and hematocrit; eosinophilo- 
penia and lymphopenia; neutrophil leukocytosis, with in- 
crease in the percentage of immature forms; hyperuri- 
cemia, hyperphosphatemia and hyperkalemia ; hypona- 
tremia and hypochloremia ; transient retention of sodium 
and chloride, with transient hyperkaluria ; and diminution 
of ascorbic acid in the blood and increase in the urine. 
Most of these changes reverted to normal in 48 hours. 
Statistically significant responses in the last six days of 
exposure included: increase in kidney and adrenocortical 
efficiency, a test dose of water being excreted rapidly at 
very low specific gravity; continued eosinophilopenia and 
lymphopenia; and continued hyperuricemia and hyper- 
phosphatemia. Complete balance data yielded no convinc- 
ing evidence of a catabolic phase. 

The present changes have many similarities to those 
after injection of the adrenocorticotropic hormone, and to 
the “general adaptation syndrome” of animals during 
stress. 

Immunological Studies on Patients with Pneumococcal 

Pneumonia Treated with Penicillin. William S. Jor- 
dan (Introduced by John H. Dingle), Cleveland, Ohio. 

Immunological studies of patients and animals with 
pneumococcal infections have shown that the naturally 
occurring production of antibodies is not affected by ther- 
apy with sulfonamide drugs. Meager data are available 
for patients treated with penicillin. 

The immune response of 44 patients with pneumococcal 
pneumonia treated with penicillin was measured by ag- 
glutination and mouse protection tests. The results indi- 
cated that the antibody response of these patients was com- 
parable to that occurring after spontaneous recovery or 
recovery following treatment with sulfonamides. 

Two patients, one infected with type VIII and one with 
type I pneumococci, were treated within 2 and 3 hours of 
the acute onset of symptoms respectively. Neither pa- 
tient developed a demonstrable pulmonary lesion or 
showed a rise in antibody titer. No other cases treated 
this early were observed. Of two cases treated within 7 
hours of acute onset, both developed mouse orotective 
antibodies and one developed agglutinins. Twenty-four 
cases received penicillin within 2 to 28 hours of the acute 
onset of symptoms. Nineteen of the 24 cases, ur 79 per 
cent, showed demonstrable changes in antibody titers. 
This percentage response is comparable to that which oc- 
curred in the patients treated later than 28 hours after 
onset and parallels the response previously observed in 
patients not treated with penicillin. 
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Correlation of Changes in Renal Circulation with Met- 
abolic Balances of Electrolytes and Nitrogen during Re- 
covery from Congestive Cardiac Failure. A. Kattus, 
A. Genecin, J. H. Sisson, C. Monge, B. C. Sinclair- 
Smith, and E. V. Newman (Introduced by Alan M. 
Chesney), Baltimore, Md. 

Two edematous patients with congestive cardiac failure 
were followed during recovery on bed rest and digitalis 
with metabolic balances of sodium, chloride, potassium and 
nitrogen. Periodic determinations of renal plasma flow 
(RPF) and glomerular filtration rate (GFR) were made. 

One patient was observed for four months, 24 days on 
metabolic balances. There was negative sodium and 
chloride balance for 14 days, the weight and venous pres- 
sure falling to normal. Potassium and nitrogen balances 
were markedly positive during negative sodium balance. 
More potassium was retained than could be theoretically 
associated with the nitrogen stored, possibly indicating re- 
pair of cellular damage incurred during congestive cardiac 
failure. 

GFR remained -within normal limits throughout the four 
months of observation. RPF rose and filtration fraction 
(FF) fell during recovery. Three months later after re- 
accumulation of edema, GFR remained normal, RPF had 
fallen and FF had risen. 

Another patient showed marked sodium chloride loss 
in four days, the weight falling 4 kilograms, followed by 
nine days of sodium chloride retention without increase in 
weight Equilibrium was then established. Exercise 
daily for the next 11 days caused seven days of sodium 
chloride retention, followed by equilibrium. There was 
potassium and nitrogen equilibrium throughout. 

GFR was 50 per cent and RPF 33 per cent of normal 
with an average FF of 0.40 throughout the balance study. 
Later the patient’s rhythm was reverted from auricular 
fibrillation to sinus rhythm whereupon GFR rose from 80 
to 100 cc./min. 

It is concluded that major changes in tlie body balances 
of sodium chloride and water may occur at both normal 
and reduced glomerular filtration rates. In each patient 
major shifts in salt balances, weight and venous pressure 
were not accompanied by significant change in glomerular 
filtration rate. The edematous state was associated with 
a high filtration fraction due to a low renal blood flow. 

Factors Influencing Removal of Bacteria from the Blood 
Stream. Grace P. Kerbv, Bernard C. Holland and 
Samuel P. Martin (Introduced by W. C. Davison), 
Durham, N. C. 

Factors influencing the removal of bacteria from the 
blood stream have been studied effectively by a method 
of combined venous catheterization and bacteremia induced 
by continuous bacterial infusion. The sites of rcmosal of 
the bacteria are determined in the anesthetized dog from 
the b.actcri.il counts of samples of blood removed simul- 
taneously from femoral artery and from veins dramir.g the 
organs studied. 

The major rcmotal of bacteria is accomplished in the 
splanchnic circulation, the liver and spleen showing equz.l 


efficiency in the process. Removal during hind limb circu- 
lation may be of minor importance. No organisms are 
lost on circulation through the lungs. 

Splanchnic removal rate is markedly and significantly 
decreased for a short period of time by thorotrast blockade. 

The basic efficiency of the normally functioning removal 
mechanism varies widely with the bacterium used, being 
much greater in the dog for Escherichia coli and Micro- 
coccus aureus than for Klebsiella pneumoniae. Arterial 
levels of 400 bacteria per ml. are reduced to 100 per ml. 
with each circulation through the splanchnic area. Sus- 
tained bacteremias clear within IS to 30 minutes after bac- 
terial infusion is discontinued. 

Active immunization of the animal increases signifi- 
cantly the removal rate of IGebsiella pneumoniae. Admin- 
istration of normal homologous plasma to the normal dog 
does not alter removal rate, but administration of equal 
amounts of homologous immune plasma results immedi- 
ately in a striking increase in efficiency of splanchnic 
removal. 

These alterations in efficiency of removal of bacteria 
from the blood stream unquestionably influence the ulti- 
mate course of the bacteremia. The extent of possible 
alteration and the exact mechanisms by which the removal 
is achieved and altered in the splanchnic area offer fruitful 
possibilities for further study. The present work points 
again emphatically to the importance of consideration of 
both parasite and host factors in any such continued in- 
vestigation. 

Studies in Protein Metabolism with the Aid of S”-La- 
bcled-Mcthioninc. Laurance \V. Kinsell, Shelton 
Marcen, Harold Tar\er, Julie McB. Frantz and 
Erin K. Flanagan; with the technical assistance of 
Vernon T. Thompson and Robert V. Deal (Intro- 
duced by T. L. Althauscn), Oakland, Berkeley and San 
Francisco, Calif. 

S'Mabclcd-methionine has been administered to normal 
males and to patients with the following entities: (1) 
Chronic Liver Damage, (2) Idiopathic Hypoprotcincmia, 
(3) Cushing’s Sj-ndrome. Incorporation of the labeled 
material in plasma protein, as well as its excretion in 
urine and stool, have been quantitated (in most instances 
as one part of protein balance studies). 

From the results obtained, one may tentatively conclude 
that both the idiopathic In-poprotcinemia s>T.drome and 
Cushing’s s>’ndromc arc characterized by a more than 
normal rate of initial plasma protein formation (as evi- 
denced by incorporation of S ”) followed (certain’y in the 
former and probably in the latter) by c.-eccs5fve catafvolism, 
at a rate such tliat net protein deficiency results. 

The three patients with chronic liver damage so far 
studied show a diminished rate of incorp'oratic-n of th.e 
labeled material into plasma protein, and a subsequent rate 
of disapT^rance not unlpKe tr.at observed in tl e nermusl. 

Urinary sulfate excretion d.ata are in excellent zre-ssd 
with the preceding cltervztis ns 

Crfcrorsy.-cSii-. in the Trest’neri cf the Ac%.‘.r Ma-i'ct:- 
liens cf F'oi.'z.’.’arir. Vras'es.’ and Ft ■ s.'ctse'' 
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Ruiz-Sanchez (Introduced by Paul Reznikoff), New 
York, N. Y. 

Twelve adult patients with acute manifestations of 
brucellosis have been treated with Chloromycetin. All but 
one of these individuals were treated in Guadalajara, Mex- 
ico, and the majority of the infections were caused by Br. 
melitensis. All of the patients were febrile and acutely 
ill when antimicrobial therapy was started. The pretreat- 
ment illness was less than 90 days in 8 of the patients and 
ranged from 7 to 12 months in the remainder. 

The diagnosis of brucellosis was established by demon- 
stration of bacteremia in six patients and by a significant 
elevation in antibody titer in the others. 

Appropriate clinical, bacteriologic and serologic obser- 
vations were made during the acute illness and during the 
ensuing three months. 

In general, Chloromycetin was administered for six or 
ten days, in daily dose of SO to 100 mg. per kg. while feb- 
rile, and 25 mg. per kg. thereafter. 

Clinical improvement after therapy was dramatic. In 
every case temperature and symptoms rapidly diminished 
in the first three days of therapy. The average duration 
of fever was only 2.0 days, except for one individual who 
made an unsatisfactory response after six days of treat- 
ment with low doses. When retreated with higher doses, 
his course was comparable to that of the other patients. 

The Chloromycetin results can be compared with results 
observed following the aureomycin treatment of brucellosis 
by Spink and his associates and by the present writers. 
The immediate response of the patients treated with Chlor- 
omycetin was indistinguishable from the response observed 
after aureomycin therapy. 

Relapse was not uncommon following short periods of 
therapy with either drug. In the chloromycetin-treated 
series, relapse occurred within six weeks of the cessation 
of therapy in five of the twelve cases. The effect of a con- 
siderable prolongation of therapy upon the incidence of 
relapse is under investigation at present. 

The Effect of Radiation on Total Copraporphyrin Excre- 
tion. Henry J. Koch, Jr., Timothy R. Talbot, Jr., 

and Mitchel Bernstein (Introduced by Konrad Do- 

brincr). New York, N. Y. 

The rate of total coproporphyrin excretion in the urine 
and feces has been observed in several patients receiving 
cither the S-day half-life radioactive isotope of iodine or 
x-radiation. In conjunction with this study complete 
hemograms including serial red-cell counts, hemoglobin, 
white-cell counts, platelet counts, bleeding and clotting 
time, bone-marrow biopsy, and liver function tests have 
been followed. 

Three-day aliquots of urine and feces have been ex- 
tracted for total coproporphjTin content according to the 
methods established by Dobrincr and Watson. The etio- 
isomers I and III of coproporphyrin are to be differen- 
tiated in a separate study. 

It has been noted that there is an increase in total co- 
proporphyrin excretion following radiation. This effect 
has been observed in patients receiving radioactvie iodine 


and x-radiation given in tlierapeutic doses, the largest 
single dose being 112 millecuries of I“‘. The increased 
excretion has been reflected in both the urine and feces and 
has occurred ten to fourteen days following the onset of 
irradiation. 

Concomitant with this increase in coproporphyrin ex- 
cretion, a decrease in total lymphocyte count and a tran- 
sient decrease in platelet count have been observed. 

Granulomatous Polyarteritis: Report of a Case with Intra- 
and Extravascular Granulomas Combining Certain M or- 
phological Features of Poylarteritis Nodosa and Acute 
Rheumatic Fever. J. P. Kulka, D, G, Feeiman and 
W. S. Clark (Introduced by William W. Beckman), 
New York, N. Y. 

The relation between vascular and extravascular lesions 
is one of the major problems in the morphology of the 
rheumatic diseases. Of particular interest is the relation 
between the characteristic necrotizing angiitis of poly- 
arteritis nodosa and the Aschoff bodies and other extra- 
vascular granulomatous lesions of rheumatic fever. While 
both human autopsy studies and animal experiments seem 
to point to an intimate connection between these two dis- 
ease manifestations, no direct evidence has yet been pro- 
duced to indicate whether they are tlje result of the same 
or of different types of tissue injury. 

Observations are therefore reported on a case of bron- 
chial asthma and poylarteritis nodosa which at autopsy 
showed all transitional stages from classical segmental 
panarteritic lesions to miliary intramural granulomas on 
the one hand, and from extravascular miliary granulomas 
identical with those in the vessels to lesions indistinguish- 
able from typical Aschoff bodies on the other. These find- 
ings strongly suggest that the segmental angiitis and the 
focal granulomas are both produced by the same patho- 
genic mechanisms and provide additional evidence that 
polyarteritis nodosa and rheumatic fever may be expres- 
sions of the same fundamental disease process. 

Effect of Rigid Na Restriction in Patients with Cirrhosis 
of the Liver and Ascites. Henry G. Kunkel, Wil- 
liam J. Eisenmenger and Edward H. Ahrens, Jr. 
(Introduced by Thomas M. Rivers), New York, N. Y. 

The intake of NaCl was limited to less than 1 gm. per 
day in 13 patients with steadily accumulating ascites. 
Fluid formation in the abdomen was immediately stopped 
in 12 of the 13 patients. The patients readily tolerated 
such a low salt diet for more than 3 months with the ex- 
ception of one patient who showed an elevated NPN ini- 
tially. As much as 150 gm. of protein per day could be 
consumed on this diet. The 12 patients who ceased to 
form fluid were markedly improved by the treatment, 
chiefly because the loss of body protein through paracen- 
tesis ended. This resulted in a rise in the serum albumin 
level. However, ascites reformed in all but 3 of the pa- 
tients when the Na intake was raised to normal levels at 
the end of 3 months and longer periods of therapy were 
necessary for complete improvement. The critical level 
of Nad intake where ascites formation began was ap- 
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proximately 1.3 gms. NaCI per day. Above this level the 
amount of ascites which formed was directly proportional 
to NaCl intake. 

Detailed studies of nitrogen, Na and K balances were 
carried out in 3 of the patients before and after Na re- 
striction. The patients were found to be in negative ni- 
trogen balance prior to therapy chiefly because of the loss 
of ascitic fluid nitrogen. When this was stopped, they 
reverted to positive nitrogen balance. All the patients 
showed extremely low excretion of Na in urine prior to 
therapy and this was further reduced after the special 
diet was begun. Fecal Na levels were approximately 3 
times the urinary values. 

The conclusion drawn from these investigations is that 
rigid Na restriction is a valuable supplement to nutritional 
therapy for stopping the malignant downhill course of pa- 
tients with rapidly accumulating ascites. 

Studies of Water Storage in Liver Disease. II. The 
antidiuretic activity of the urine during acute infectious 
hepatitis. Dakiel H. Labby (Introduced by Edwin 
E. Osgood), Portland, Ore. 

In a previous study of 14 cases it was demonstrated that 
the acute phase of infectious hepatitis was marked by ex- 
pansions of the thiocyanate fluid space, the plasma and 
blood volumes, depression of the plasma and urinary 
chlorides and increased water tolerance. Improvement in 
liver function with convalescence resulted in shrinkage of 
these fluid compartments and diuresis. Slight changes in 
total circulating proteins were detected. Eight additional 
cases of early hepatitis were selected to correlate the anti- 
diuretic activity of the urine with the above fluid observa- 
tions. 200 gm. male rats were given water (5 per cent 
of body weight) by stomach tube and injected intraperi- 
toneally with 1 cc. of the patients dialized and concen- 
trated urine per 100 grams of rat. The time required for 
the excretion of SO per cent of the ingested water was 
taken as a standard assay end point; controls were run 
simultaneously by injecting water of the same pH intra- 
peritoncally. The data obtained in each case indicate that 
in the early phase of acute infectious hepatitis at the time 
of maximum water storage and increased water tolerance 
the 50 per cent excretion time ranged from 155 to 360 min- 
utes in comparison to control times of 80 to 110 minutes. 
With convalescence, contraction of the tliiocj’anate space, 
and diuresis, the antidiurctic titer of the urine decreased 
to control values. It is therefore concluded that the move- 
ments of body water occurring during acute infectious 
hepatitis arc accompanied by alterations in the concentra- 
tion of the antidiurctic principle in the urine ; the potency 
of this principle being highest during periods of water 
storage in the acute stage and lowest during cons'alcsecncc 
when c.\cc5sivc water storage is no longer demonstrable. 
Opportunity was also presented for conducting tljcsc 
studies during menstruation in the course of hepatitis and 
in a case of nonicteric hepatitis. 

lix’.dcr.re That Rena! Sodium Excretion is CcntreHed by 
Adrenal Ccrticc! Activity and That Ingested Sedium 
.May Displace Intracellular Petasxium in Scrtnal S-A- 


jecls. Alexandeh Leaf (by invitation) and L. H. 

Newburgh, Ann Arbor, Mich. 

The effects of great variation in sodium intake were 
studied in normal subjects maintained on fixed diets of 
adequate calories and protein with very low sodium and 
chloride content At definite periods additional sodium 
was administered either as the chloride or citrate. 

Salt restriction resulted in reduction in urinary sodium 
and chloride to minute amounts accompanied by increase 
in urinary nitrogen, urea, uric acid, potassium and phos- 
phorus. Administration of sodium chloride or citrate 
caused high urine sodium with decrease in urine uric acid, 
potassium phosphorus, blood and urine urea, and positive 
nitrogen balance. The drop in blood urea was not ac- 
coimted for by alteration in glomerular filtration rate but 
was explained by decrease in the rate of protein catabol- 
ism. A strongly positive potassium balance occurred 
simultaneously with the high sodium excretion that could 
not be accounted for by decreased protein catabolism. 

All these changes are explained by alterations in adrenal 
cortical activity. The need to conserve body sodium was 
met by increased activity of the desoxycorticosterone-likc 
hormone. An associated increase in protein-catabolic hor- 
mone activity was elicited also. Sodium administration 
abolished the need to conserve sodium and thus depressed 
adrenal cortical activity. This not only allowed a large 
urinary sodium excretion but also gave evidence of a 
marked decrease in activity of protein-catabolic hormone. 

In all subjects sodium citrate administration caused ini- 
tially a marked positive sodium balance. The degree of 
alkalosis was reduced by entry of large amounts of sodium 
into the cells with displacement of large amounts of potas- 
sium as evidenced by the strongly negative potassium 
balance. 

Diagnosis of Carcinoma of the Liver, Biliary Tract, and 

Pancreas from Cytology of Duodenal Aspiration. H. 

M. Lemox and W. W. Byrnes (Introduced by James 

M. Faulkner), Boston, Mass. 

The infrequency of successful surgical tlicrapy for pri- 
mary carcinoma of the liver, extra-hepatic bile ducts, and 
pancreas reflects in many cases clinical inability to estab- 
lish an early positive diagnosis of cancer. In this study 
careful cytological c.xamination has been made of aspirated 
duodenal contents in an effort to supplement currently 
available diagnostic methods. Although no previous 
studies have been reported concerning neoplastic cells in 
duodenal secretion, we have found that criteria accepted 
as indicating cancerous cell exfoliation from other epi- 
thelial surfaces can be readily applied to this fluid, since 
large numbers of tumor cells as well as normal epithelial 
cells have been observed in the majority of our speci.mer.s 
from patients with early or late cancer. 

All cases have been followed for at least si.x month,! after 
examination or until death, Tlmee-quarters of the czr.v-c 
cases halve been verified pr.iholonieally, and a e'ese simi- 
larity in m.orp’hology has h<een lottrA bet-.veen the exfoli- 
ated cells and those in the path.-legica! sections fr'~m t’ e 
tumor. No false positive errers leave feen mad', alth'-aro 
ccntrcl ch'frvstions luivc '•mn carr:r-f c-ut in an ev.a'ts 
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large number of cases of cirrhosis and inflammatory con- 
dition of the biliary tract and pancreas. Among the diag- 
nosed cancers were hepatoma, primary cancers of the gall 
bladder, common bile duct, Ampulla of Vater, and the head 
and tail of the pancreas. Localized carcinomas as small 
as 2 cm. in diameter have been detected, as well as certain 
metastatic neoplasms. A brief description will^ be^ given 
of certain cases in which earlier diagnosis and institution 
of proper therapy have resulted from the application of 
this method to clinical problems with and without obstruc- 
tive jaundice. 


Acute Asphyxia in Dogs: Effects on Blood Coagulation 
and Citric Acid Metabolism. Jessica H. Lewis (In- 
troduced by E. C. Hamblen) , Chapel Hill, N. C. 

These experiments were designed to study the effects 
of acute asphyxia on blood coagulation in dogs. The 
trachea was damped in 13 anaesthetized dogs. Following 
the cessation of labored respiratory movements at about 
two and one-half minutes, the blood pressure fell, reaching 
zero at approximately six minutes. Two cc. arterial 
whole blood specimens were collected every fifteen seconds 
for the first two minutes and every five seconds thereafter. 
Markedly prolonged clotting times or incoagulable bloods 
were obtained during a 30-45 second interval occurring 
about 30 seconds after respirations had ceased. ^ Both be- 
fore and after this period blood coagulation times were 

Blood coagulation studies on the "incoagulable blood 
showed normal (1) prothrombin complex, (2) fibrinogen, 
(3) platelets, (4) fibrinolytic enzyme system, and (5) 
antithrombin. No heparin or defect correctable by added 
thromboplastin could be detected. 

The coagulation defect was readily reversed by the ad- 
dition of calcium chloride. In spite of this, the total cal- 
cium concentration was normal. Therefore, we reasoned 
that calcium must be bound in some soluble, but non-ion- 

ized form. _ • 

Anaerobic carbohydrate metabolism may produce citric 

acid. Studies on four dogs have shown a rise of citric 
acid concentration from a normal value of approximately 
75 micrograms/ca to 1.000 micrograms/cc. in the in- 
coagulable blood" followed by a fall to normal values at 
death. Aconitic acid did not change appreciably. Paral- 
lel studies witli added sodium citrate showed that 900 
micrograms/cc. (as citric acid) were sufficient to prevent 

coagulation. , j • ■ 

Acute asphyxia in the dog produces a marked rise in 

blood citric acid content, sufficient to bind ionized calcium, 
and so far as we arc aware, this is the first reported inci- 
dence of calcium ion deficiency resulting m a blood coagu- 
lation defect. An adequate explanation for the extremely 
temporary but marked elevation in blood citric acid is 

being sought. 


ShidiVr iV. Urinary Corticosteroids by a Method Permii- 
tina Analysis o/ Desoxycortxcosterone Chapies W. 
Lloyd and Julia Loeotsky (Introduced by Eugene 
L. Lozner), Syracuse, N. ^ . 


The method of Daughaday, Jaffe and Williams for esti- 
mation of freely water soluble urinary corticosteroids has 
been modified to permit analysis of the poorly water sol- 
uble corticosteroids, such as desoxycorticosterone. 

Excretion of corticosteroids by normal individuals and 
by six patients with Addison's disease has been studied by 
this method. Low corticosteroid values were found in all 
patients without treatment. Following beginning of des- 
o.xycorticosterone acetate injections, there was a latent 
period of several days before the excretory rate began to 
rise. In one patient with a fixed daily dose of 5 milli- 
grams of desoxycorticosterone there was a gradual in- 
crease in corticosteroid excretion over a period of a month. 
Following complete withdrawal of desoxycorticosterone, 
excretion continued at a high level for approximately 96 
hours before a significant decrease was observed. In one 
patient, clinical evidence of adrenal insufficiency appeared 
within one day of this decrease. The excretion rate of 
corticosteroid was in the middle of the normal range when 
the desoxycorticosterone dose was at the optimal level as 
determined by clinical response. Excessive dosage was 
associated with higher corticosteroid values, which, how- 
ever, did not exceed the normal range. Following implan- 
tation of pellets, with good clinical control, excretion of 
corticosteroid was lower than when desoxycorticosterone 
in oil was injected in amounts sufficient to produce a com- 
parable clinical effect. 

One patient with Addison’s disease when untreated had 
a corticosteroid excretion only slightly below the normal 
range. Administration of desoxycorticosterone produced 
relatively small increases of urinary corticosteroids. 
Withdrawal of desoxycorticosterone was followed by the 
very slow appearance of symptoms of insufficiency. It is 
believed that this patient has viable adrenal tissue which 
is capable of secretion, although at an inadequate rate, and 
it is suggested that when desoxycorticosterone was admin- 
istered, this secretion was depressed. 

Studies in Hemoglobin Formation zvith the Aid of the 
Isotope Technique. Irving M. London, David Shemin 
and D. Rittenberg (Introduced by Randolph West), 
New York, N. Y. 

When the whole blood of patients with sickle cell 
anemia is incubated in vitro with glycine labeled with N“, 
heme containing N“ is formed. This finding demonstrates 
tit zfitro synthesis of heme. No significant synthesis is 
found on incubation of normal human blood. To help de- 
termine whether the immature reticulocyte or the mature 
pathologic cell of sickle cell anemia is responsible for the 
synthesis, studies have been carried out in a variety of 
hematologic disorders characterized by elevated reticulo- 
cyte counts (pernicious anemia, congenital hemolytic jaun- 
dice, acquired hemolytic anemia) and in experimental ani- 
mals in whom reticulocytosis was induced by bleeding or 
phenylhydrazine hemolysis. These studies indicate that 
some, though perhaps not all, reticulocytes are capable of 
sjmthesizing heme in vitro. The differences in capacity 
for heme synthesis manifested by reticulocytes of various 
sources will be discussed. 

The incubation of N” labeled glycine and other isotopic 
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compounds with blood containing numerous reticulocytes 
affords a method for the study of heme formation. Avian 
nucleated red blood cells may be used similarly. Studies 
concerned with the optimal conditions for in vitro heme 
synthesis, with the use of the in vitro systems for the de- 
termination of the biologic precursors of protoporphyrin, 
and with some of the mechanisms involved in heme forma- 
tion will be discussed. 

Experimental Airborne Influenza Virus A Infection in 
Immunized Animals. Clayton G. Loosli and (by in- 
vitation) Robert S. Rockwald and Merle H. Ritter, 
Chicago, 111. 

Young adult Swiss mice (10-lS grams) were immu- 
nized by 4 weekly 0.1 ml. subcutaneous injections of for- 
malized mouse lung suspension (10-1 dilution) of PR-8 
strain of Influenza A virus. Neutralization and CRC 
agglutinin-inhibition tests were employed for antibody de- 
terminations on pooled sera. Immunized and nonlmmu- 
nized mice of similar age were exposed in a chamber at 
the same time to a lethal atmosphere of nebulized mouse 
lung PR-8 virus suspension. Five mice from each group 
(2 for histology and 3 for virus and antibody titration) 
were bled and killed at close intervals until death or 16 
days after inoculation. Additional animals served to de- 
termine survival rates. 

In the non-immunized animals, the influenza infection 
was rapidly fatal with death occurring on or before the 
fifth day. The lungs at death showed extensive consoli- 
dation with marked destruction of the bronchial epithelium 
and extensive edematous and cellular exudate in the alve- 
oli. The immunized animals became moderately ill but 
survived. Grossly, only focal areas of consolidation oc- 
curred, which underwent resolution after 8 days. Micro- 
scopically, as in the control lungs, there was extensive 
destruction of the bronchial epithelial cells but the alveolar 
exudate was patchy and generally confined to regions near 
the terminal bronchioles. Also, as in the non-immunized 
animals, the virus grew rapidly in the lungs of the im- 
munized animals, reaching a titer of over 10" lethal" intra- 
nasal doses at 36 and 48 hours. At this time, the scrum 
antibody level of 1 : 512 before infection had dropped to 
tlic non-immune level of < 1 : 16. At 6 days, only traces 
of virus were present and the antibody titer had risen sev- 
eral fold above the original immune level. The meclian- 
ism of protection against influenza virus in the immunized 
animals and in man in relation to the above observations 
will be discussed, 

Spirochetkida! Antibodies in Syphyilis. Harold J. Mac- 

NusoN and (by invitation) Fred A. Thompson, Giapcl 

Hill, N. C. 

The in vitro technic described by Nelson, employing the 
Nichols strain of T. pallidum, permits demonstration of a 
spirochcticidal substance found in most sj-philitic sera 
from humans and rabbits but not present in normal sera. 
Electrophoretic fraction-ation of such sera shows the activ- 
ity to be associated with tlie gamma globulin. Tl-.e sub- 
stance is found in Fraction II-III of Colm, is relatively 


heat stable, and requires complement for its demonstration. 
This evidence suggests that the substance is an antibody. 

The antibody is not related to reagin since its presence 
bears no relation to the titer of serologic tests for syphilis. 
Sera from which reagin has been absorbed retain their 
activity, and the purified reagin recovered from tlie precip- 
itate is inactive. Assays are reported on sera from 200 
patients with syphilis in various stages as well as from 
rabbits with known varying degrees of immunity. The 
possible relationship of this antibody to acquired immunity 
is discussed. 

The Production of Renal Glomerular Lesions in the Dia- 
betic Rat. George V. Mann and James W. Goddard 
(Introduced by Howard F. Root), Boston, Mass. 

Weanling male rats have been made diabetic by the 
intravenous injection of alloxan monohydrate. A total of 
50 animals have been maintained on one of 4 diets up to 
SSO days. The diets were dog chow and semipurified diets 
containing 12, 18 and 40 per cent protein. No insulin was 
given. At intervals animals were sacrificed and tissues 
examined. 

It has been found that diabetic rats develop well marked 
progressive lesions in the renal glomeruli as early as 50- 
90 days. The lesions primarily affect the reticulin walls 
of the glomerular capillary tufts, parietal layer of Bow- 
man’s capsule and tubular basement membranes. 

Reticulin proliferation produces intercapillary adhesions 
and luminal obliteration. The latter process may occur 
either by collapse reticulosis or by luminal ingrowth of 
reticulin fibers. In some instances hyalinc-likc balls are 
entrapped in the inter-capillary and axial spaces. Retic- 
ulin overgrowth in a meshwork pattern leads to ball for- 
mation, reminiscent of the fibrous balls of human nephro- 
sclerosis. The parietal layer of Bowman’s capsule shows 
irregular thickening and collagenization. Tubular base- 
ment membranes show thickening with hyaline changes. 

Especially in old diabetic animals an increased cellular- 
ity of the glomerular tufts appears due to a remarkable 
hyperplasia and hypertrophy of what appear as pcrilhelial 
cells. 

These lesions have not been found in nondiabetic control 
rates or in nondiabetic alloxan injected controls. No les- 
ions have been found in the aorta and its branches. Rcmil 
arteriolar lesions have been minimal. Neither the sever- 
ity of diabetes nor the level of protein in the diet has been 
shown to influence these manifestations. 

Mechanism of the Depressor Effect of Accelerated Sodium 
Depletion in Hyperler.sion. R. S. Mrxirow, J. J. Vjeor.- 
MAN, J. Sirota and H. Pollach, New Yorl:, N. V. 

V.'e have shown Uiat the depressor rerpt-'r-se developing 
in Inpertensive patients on low jsyliem diets may Ic le- 
cclcrated materially by increasing the rate of ivli-jm. de- 
pletion through the use of m.erc'jr'i.'l diuretics 
The following studies were underial.cn in (,r.I'r to el;;--- 
datc tl-.e more f;:n'him.enlal relationship' i-s-. :1s-! 

.-vdrer.occrtica! tun-ction was inv-jtina;-! .h'-n-j d'- 
termimtions c: the 17 ’.seta zrA 31 t ry co.-t;: i is. 
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from glucose tolerance tests, from tlie blood uric acid, and 
from the eosinophile and lymphocyte response. 

B : The effects of sodium depletion upon glomerular and 
tubular function and upon renal blood flow were deter- 
mined by measuring the para-amino-hippurate and the 
mannitol or inulin clearances. 

C: Using the T-1824 method, the possible role of de- 
creased circulating blood volume in the depressor response 
to sodium depletion was studied. 

D: The time relationships between sodium depletion 
and the depressor response were clarified by measuring the 
daily 24-hour sodium excretion by the flame photometer 
method, 

E: Alterations in vascular reactivity were evaluated 
microplethysmographically, by contrasting the vasodilator 
responses to tetraethylammonium and dihydroergocornine 
before and after accelei-ated sodium depletion. 

The evidence suggests that the decline in blood pressure 
which follows accelerated sodium depletion is associated 
with a temporary alteration of corticoid function. The 
conclusions drawn from the above investigations will be 
illustrated and discussed more completely. 

Clinical Studies on the Pure Veratrum Alkaloids Proto- 
veratrine and Verairidine, Edward Meilman and 
Otto Krayer (Introduced by S. L. Gargill), Boston, 
Mass. 

The vasodepressor and cardiodecelerator action of pro- 
toveratrine hydrochloride has been studied for the first 
time in human renal and essential hypertension. It was 
administered intravenously, eighty times in fifteen pa- 
tients, in single doses of between 0.08 mg. and 0.18 mg. 

The characteristic response is a fall of systolic and dia- 
stolic blood pressure reaching minimum level within ten 
minutes. Intensity of effect is roughly proportional to 
the dose, varying between a significant decrease and a 
blood pressure fall to normal levels. Duration of action, 
likewise, is proportional to the dose, return to hyperten- 
sive levels occurring between fifteen minutes and three 
hours. Repeated administration of the same effective 
dose, in the same patient, leads to similar responses after 
the previous effect has worn off. 

The vasodepressor action is accompanied by brady- 
cardia, usually with regular sinus rhythm. Occasionally, 
the largest doses shifted the pacemaker, the ventricle beat- 
ing faster than the auricle. 

Atropine reduces but does not abolish the vasodepressor 
effect, while it increases the heart rate above normal and 
restores regular sinus rhythm. Simultaneous administra- 
tion of protovcratrine and atropine causes a vasodepressor 
effect with a concomitant increase in heart rate. 

Apart from the disturbance of rhythm, a slight and 
transient feeling of nausea occurred a few times. 

Vcratridinc has circulatory' effects qualitatively similar 
to those of protoveratrine but is less potent With vera- 
tridinc significant vasodepressor action cannot be obtained 
without side effects like nausea, vomiting, sweating, and 
feeling of apprehension. Occasionally, these occurred 
witli doses not decreasing blood pressure. 


Their unique mechanism of action makes tlie Veratrum 
alkaloids important substances for careful clinical studies 
in hypertension. For satisfactory clinical use the search 
must be directed towards pure alkaloids pharmacologically 
similar to protoveratrine, with a margin of safety and an 
intensity and duration of vasodepressor action equal or 
possibly superior to that of protoveratrine. 

The Determination of Maximum Composite Digital Vas- 
cular Caliber Physiologically in Normal and Hyperten- 
sive Subjects. Milton Mendlowitz, New York, N, Y. 

In animal perfusion experiments with Ringer’s solution 
the pressure-flow relationship has been demonstrated to 
be rectilinear. For blood this relationship has been 
found to be logarithmic. That portion of the curve above 
flow readings of one-third the “normal,” however, corre- 
sponds closely to a rectilinear tangent with an intercept 
on the pressure coordinate above zero. 

The pressure-flow relationship in the human digital 
circulation after release of sympathetic tone was studied 
at various pressure levels achieved by graded compression 
of the brachial artery. This relationship corresponded 
well with a rectilinear tangent both in normotensive and 
hypertensive subjects. The intercepts were similar to 
those observed in animal experiments. 

The “apparent viscocity” of normal blood at a "nor- 
mal” perfusion pressure has been shown in animals to be 
2.2 times that of Ringer’s solution. There is reason to 
believe that this holds for the human digital circulation. 
If the intercepts are kno\vn, it is possible to draw a pres- 
sure-flow tangent from a single pressure-flow reading. 
At the point of “normal” pressure a tlieoretical Ringer’s 
solution perfusion point can be erected and the Ringer’s 
solution pressure-flow line drawn to the intercept zero. 
Poisseuille’s law is now applicable, the only unknown 
quantities being length and caliber of the perfused vessels. 
Since the flow is measured per sq. cm. of skin, the average 
length of the perfused vessels can be estimated at 1.1 cm. 
The composite digital vascular caliber of a single vessel, 
the resistance of which is equal to that of all the vessels 
per sq. cm. of skin perfused can be computed. It was 
found to vary from 67 to 75 micra normally and to be 
below normal in hypertension. 

Clinical Experience with the Use of an Artificial Kid- 
ney. J. P. Merrill (by invitation), G. W. Thorn, 
and (by invitation) E. J. Callahan and S. Smith, 
Boston, Mass, 

A modification of the Kolff type of artificial kidney has 
been used in 28 cases in 18 patients with uremia. Diffi- 
culties encountered by previous observers with hemolysis, 
clotting and pyrogen reactions have been virtually elimi- 
nated. Adjustment of the tonicity of the bath fluid to the 
patient’s serum by means of freezing point determinations 
has so greatly increased the accuracy with which hydra- 
tion may be controlled that it is feasible to employ the 
procedure in uremic patients with congestive failure and 
even pulmonary edema. The adjustment and balance of 
blood flow rates through the machine have further de- 



AMERICAN SOCIETY FOR CLINICAL INVESTIGATION' 


799 


creased its risk in application to patients with cardiovas- 
cular disease. • 

The effectiveness of this machine in removing diffusible 
substances from the blood by in vivo continuous dialysis is 
indicated by the fact that with blood flow rates between 
200 and 300 cc. per minute and blood urea nitrogen level 
of 80 to 90 mg. per 100 cc., it is possible to remove 20 
grams of urea per hour with comparable quantities of 
other retained metabolites. The machine may also be 
employed to remove specific ions by dialysis and three 
instances of acute spontaneous potassium intoxication 
have been successfully treated by the removal of excess 
potassium from the blood stream. The possibility of re- 
moving specifically other diffusible substances, including 
sodium, uric acid, water and amino acids is under investi- 
gation. It is concluded that the present technique of ap- 
plication of an artificial kidney is an effective and clini- 
cally safe procedure for the removal of diffusible sub- 
stances by continuous dialysis of the blood. The value of 
its use as a means of therapy in acute renal failure and in 
a variety of forms of intoxication is well established. Its 
use as an investigative tool in the study of chronic cardio- 
vascular and renal diseases is apparently warranted. 

Treatment of Pernicious Anemia with an Animal Protein 
Factor of Bacterial Origin. Leo M. Meyer, Norton 
D. Rite, Manuel Rowen, George Bock and Julius 
Rutzky (Introduced by Arthur C. De Graff), New 
York, N. Y. 

An animal protein factor concentrate was prepared 
from the aerobic fermentation of a non-motile gram nega- 
tive bacillus isolated from chicken feces. One cc. of this 
product (A.P.F. 60) had a biologic activity equal to ‘TO 
unit liver” when administered to chicks receiving a diet 
containing 70 per cent soy bean meal. In the lactobacillus 
assay the material had a somewhat lower potency (65 per 
cent of "10 unit liver”) . A more concentrated preparation 
(Normocytin) had a potency comparable to 10 micro- 
grams of vitamin B 12 when administered to chicks main- 
tained on a diet containing 70 per cent soy bean meal. 
Administration of A.P.F. 60 to 5 patients with pernicious 
anemia in relapse induced a satisfactory reticulocyte re- 
sponse in 4 instances, with an increase of Hb and R.B.C. 
in all cases. Eight other persons with pernicious anemia 
in relapse treated with Normocj'tin showed a satisfactoo' 
rcticulocytosis. An increase of Hb and R.B.C. to normal 
levels occurred in 6 cases. One patient from the original 
group treated with A.P.F. 60 was continued on Normo- 
c>’tin and also reached normal hematologic values. In all 
instances there was improvement in appetite and general 
well-being of tlie patients. Megaloblastic bone marrows 
were converted to normal states. WTicrc neurological 
changes were present improvement was noted. There 
was no instance of progression or development of nervous 
sj'stcm signs or sjTnptoms. In two patients tire Hb and 
R.B,C. remained below normal levels and arc at present 
under treatment with vitamin B 12, 

Egcct of Urethane on the Susceftibility cf iUee to Pr.eu~ 
monia I'trvs cf ’•fiVr (PPM). Gterot S, MnucK, 


Charles I. Lettwich, Jr. and William B, Leftwich 
(Introduced by Paul W, Clough), Baltimore, Md. 

The effect of urethane on the susceptibility of the young 
mouse to infection by pneumonia virus of mice (PVM) 
was tested. This compound seemed of interest because of 
its reported suppressive action on cell growth and its ca- 
pacity to induce pulmonary tumors in older mice of cer- 
tain strains. 

Suitable matched groups of young mice were lightly 
anesthetized with ether, and inoculated intranasally with 
serial ten-fold dilutions of PVM. All groups were fed 
Purina Dog Chow and each was given to drink either 
water or water containing various concentrations of ure- 
thane. It was observed repeatedly that drinking 0.1 per 
cent or more urethane during the post-inoculation period 
rendered mice S to 10 times more susceptible to this virus 
infection than controls. A single intraperitoneal injection 
of urethane before virus inoculation produced similar 
effects. 

Some possible mechanisms for urethane’s action in in- 
creasing the mouse’s susceptibility to PVM were studied. 
Mice given urethane orally gained less weight and drank 
less fluid than controls. However, limiting food or fluid 
in other mice did not reproduce the effect of urcUianc. 
Moreover, one injection of 5 mg. of urethane before in- 
oculation increased susceptibility ten-fold witliout affect- 
ing the weight curve. Other cell growth depressants like 
colchicine and podophyllotoxin did not have effects like 
that of urethane on susceptibility to the virus infection. 

Instilin Tolerance Test in Patients with Essential Hy- 
pertension. I. Arthur Mirsky, (by invitation) Stan- 
ley M. KIaplan and R, H. Broh-Kahn, Cincinnati, 
Ohio. 

The blood sugar response to the intravenous injection 
of a standard dose of insulin is dependent upon factors 
which affect the hypoglycemic action of insulin and factors 
which affect tlic restitution of the blood sugar to tlie pre- 
injection level. Some of the hormones of the anterior pi- 
tuitary gland and the adrenal cortc,x arc among the fac- 
tors which determine the effectiveness of the hypoglycemic 
action of insulin whereas tire activity of the s>-mpathico- 
adrenal system largely determines the rate of restitution 
of the blood sugar concentration to the prcinjcction level. 
Since both sets of factors have been implicated in the 
genesis and maintenance of the hypertension of patients 
with essential hypertension, we deemed it pertinent to 
study the insulin tolerance of such patients. 

Blood samples were drawn for sugar determination 1/e- 
forc, and at 15, 30, 45, 60, 90 and 120 minutes after the 
intravenous injection of 0.1 unit insulin per kilogram leyly 
weight to fasting normotensivc and hyperter.'ive 5ub;reti. 
The carbohydrate stores of all subjects were fortir.e-! by 
ingestion of two grams cf carbohydrate ;>rr kih-gram 
body sveight after the usual meal the r.igh.t Icfere ti'e t-st. 

Tl'.c hyxvoglyccmic respc-r.tc cf bath greups cf su'jert* 
v.-as not statistically ditTcrer.L Hm.vr.rr, stati-tici! avsb 
ysis of the data revea!e<l that tf;e rate ef restitutltm cf 
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the blood sugar concentration to the preinjection level was 
markedly delayed in the hypertensive group. 

These studies indicate that there is no significant in- 
crease in contra-insulin factors in patients with essential 
hypertension. Further, if the rate of restitution of the 
blood sugar concentration is dependent upon tlie degree 
of activity of the sympathico-adrenal system, then the 
response of this system to hypoglycemia must be reduced 
in the hypertensive group. 

The Destructive Effects of the Virus of Russian Far East 
Encephalitis on the Transplantable Mouse Sarcoma 180. 
Alice E. Mooke (Introduced by C. P. Rhoads), New 
York, N. Y. 

A study was made of the ability of certain viruses to 
grow in transplantable mouse tumors and to determine 
what effect their growth would have on the viability of 
the tumor. The virus of Russian Far East Encephalitis 
was found to have a marked affinity for tlie transplantable 
mouse Sarcoma 180 and in the process of viral infection 
the viability of the tumor was completely destroyed. 
When subinfective amounts of virus were inoculated there 
was no effect on tumor growth and no virus could be re- 
covered from the tumor or brain. 

Following intraperitoneal inoculation of 0,05 cc. of 10'* 
brain virus suspension, tumors were removed for bioassay 
and the amount of virus present in the blood, brain and 
tumor was determined. For the first five days more virus 
was present in the tumor than in either blood or brain. 
From the 5th day until the death of the animals approxi- 
mately equally large amounts of virus were present in the 
tumor and brain while it disappeared from the blood. 
Portions of the tumors were implanted into virus-immune 
and non-immune control mice at different days after intra- 
peritoneal inoculation. In all cases in which implantations 
were made into non-immune mice no tumor growth was 
apparent and the animals died of virus infection in 1 to 2 
weeks. When pieces of these same tumors were implanted 
into virus-immune mice it could be demonstrated that al- 
though the virus was present in large amounts three days 
after intraperitoneal inoculation an additional 3 or 4 days 
exposure in the intact animals was necessary before all 
the tumor cells were killed. 

Tolerance to the Toxic Effects of Somatic Antigens of 
Enteric Bacilli in Typhoid and Paratyphoid Fever Con- 
valescents. Herbert R. Morgan and (by invitation) 
Franklin A. Neva, Ann Arbor, Mich. 

The somatic or O antigen (endotoxin) of Salmonella 
iyphosa is the component responsible for toxicitj' of this 
organism and is a major determinant of its antigenic 
properties. Wien injected intravenously in man in min- 
ute doses, the endotoxin produces chills, fever, headache, 
muscle aching and generalized malaise and in some in- 
stances nausea and vomiting. Since there is evidence 
that the somatic antigen of Y. Iyphosa is present in the 
blood during the acute phase of typhoid fever, it has been 
suggested that this toxic component might be responsible 
for certain of the clinical manifestations of the disease. 


Following repeated intravenous injections of typhoid 
somatic antigen, individuals develop a resistance to its 
toxic effects which is not dependent on the presence of 
circulating O antibody which also appears. This toler- 
ance is also protective against the similar toxic manifes- 
tations of the serologically unrelated antigen of Shigella 
dysenteriae for which no O antibodies are present. 

Patients convalescent from typhoid and paratyphoid 
fevers and certain other infectious, febrile diseases were 
tested for resistance to the toxic effects of somatic anti- 
gens of S. iyphosa and Sh. dysenteriae. Twenty-five of 
thirty-one patients convalescent from typhoid fever and 
eighteen of twenty-one patients convalescent from para- 
typhoid fever showed no significant reactions to intraven- 
ous test doses of the endotoxin of S. iyphosa (St) and 
Sh. dysenteriae (It) which produce marked febrile re- 
sponses and systemic reactions in normal individuals. 

When retested four to six months later, eight of eleven 
of these patients were shown to be resistant. In the three 
patients who were susceptible to the initial test dose, four 
test injections showed that the tolerance to the toxic ef- 
fects of the somatic antigens was rapidly reestablished. 

Five patients, who were convalescent from other febrile 
infectious diseases, developed fever and systemic reactions 
which were comparable to those seen in normal subjects 
following the injection of test doses of somatic antigens. 

The implications of these findings in relation to recov- 
ery from typhoid and paratyphoid fever will be discussed. 

Plasma Volume, Red Cell Volume and “Extravascular 

Thiocyanate Space” Changes in Patients on Rice Diet. 

Richard J. F. Murphy (Introduced by Julian M. 

Ruffin), Durham, N. C. 

Serial observations of the plasma volume, "extravascu- 
lar thiocyanate space” and red cell volume of 19 patients 
on the Kempner rice diet have been made. Period of ob- 
servation was 14 weeks ; measurements were made before 
starting the diet and at 3, 6, 10, and 14 week intervals 
following. 

Seventeen patients had hypertensive disease of different 
types and 2 had coronary artery disease without hyper- 
tension, None had cardiac failure nor azotemia. Eleven 
had some alteration in renal function as measured by 
urinalysis, P.S.P. excretion and concentration test 

Plasma volume was measured by T1824 dilution and 
red cell volume was calculated from venous hematocrit. 

Sixteen of the 19 patients showed significant loss of 
plasma volume. Mean loss in these patients was 14 per 
cent This occurred chiefly during the first 6 weeks, the 
volume remaining relatively constant during the following 
8 weeks observation. 

In general loss of “extravascular thiocyanate fluid" fol- 
lowed the same pattern. The mean loss in this volume 
was 15 per cent. 

Decrease in red cell volume was a constant finding in 
all 19 cases and showed no simple relation to fluid loss. 
The mean loss was 24 per cent. This could not be ac- 
counted for by blood loss from venesection for study pur- 
poses. In those cases with plasma loss only one-third 
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of this was reflected in the hematocrit, the other two- 
thirds being masked. 

Weigh^^^oss was a prominent finding in some cases. 
There was no close correlation between weight loss and 
fluid loss either of degree or in time relationships. Al- 
though fluid loss was greatest in those with evident renal 
damage, 7 of the 8 patients with normal renal findings 
showed significant loss. There were no cases of frank 
clinical salt depletion. 

There was no simple relationship between volume 
changes and clinical course. 

Observations on the Excretion of Bromsulphalein. J. D. 
Myers (Introduced by Keith S. Crimson), Durham, 

N. C. 

Two important factors in the excretion of bromsulpha- 
lein by the liver are (a) amount of dye presented to the 
liver per unit of time, i.e. hepatic plasma flow, and (b) 
ability of hepatic cells to extract and excrete dye. Some 
evidence concerning the operation of these factors in nor- 
mal and diseased states has been collected while measur- 
ing hepatic blood flows. Pertinent data are the arterial 
concentrations of BSP .resulting from various dosages 
of dye, and the percent extraction of dye by the liver. 
Since the corrected infusion rate of BSP can be assumed 
equal to hepatic excretory rate, the data allow calculation 
of the BSP clearance 

infusion (excretion) rate 
arterial concentration 

as ml. of plasma cleared completely of dye per minute per 
sq. M. Mean BSP clearance in 39 control subjects was 
244 + 83 ml. ; mean per cent extraction was 53.2 + 13.7. 

In 8 patients with severe, chronic anemia the increased 
hepatic plasma flow, due both to increased whole blood 
flow and lowered hematocrit, provided a normal if not 
supernormal clearance (277 + 135 ml.) in the presence of 
decreased per cent extraction (30.7 + 13.7). In 19 pa- 
tients with cardiac failure, and low cardiac outputs and 
hepatic blood flows, the decreased clearance (89 + 43 ml.) 
was due to both decreased supply of dj'e to the liver and 
impairment in hcpato-ccllular function (mean per cent 
extraction 28.5 + 11.5). Nine individuals with I^aennec’s 
cirrhosis of moderate severity who had normal or mod- 
erately subnormal blood flows, had a markedly reduced 
mean clearance (134 + 41 ml.) due largely to decreased 
extraction (32.8 + 15.6 per cent). In 16 patients with 
hyperthyroidism mean clearance (212 + 97 ml.) and per 
cent extraction (37.2 + 17.6) were not significantly dif- 
ferent from control %-alucs, although 6 of the group did 
have subnormal extraction percentages and presumably 
hepato-cellular dysfunction. 

In both controls and ill patients, simultaneous infusion 
of bilirubin, human albumin, or amino-acids with brom- 
sulphalcin impaired c.>:cretion of BSP by decreasing per 
cent extraction. 

Ir.eidfr.cf cr.d Xcture cf Hepatic Disturbance FcUozrir.^ 

Acute i'irat Hepatitis end in Persons zinth Pdeximal 

end Minimal Exposairc to Hepatitis Virus: A. Prelimi- 


nary Report. J. R. Neefe and (by invitation) Hugo 
Dunlap Smith, Charles H. Kurtz, Lewis William 
Bluemle, Jr., S. Clay Williams and John G. Rein- 
hold, Philadelphia, Pa. 

The incidence and nature of hepatic disturbance has 
been investigated in: Group lA: 300 persons chosen at 
random from records containing sufficient information to 
justify a diagnosis of acute viral hepatitis 2 to 7 years 
previously; Group II (Maximal Exposure Group) : 158 
persons chosen at random from records indicating unusual 
exposure to hepatitis virus during the preceding 7 years ; 
Group III (Minimal Exposure Group) : 120 persons se- 
lected because of the lack of any recognized unusual ex- 
posure to hepatitis virus. Group IB is composed of se- 
lected patients with moderately severe symptoms and dis- 
ability following acute viral hepatitis. The study of each 
person included a detailed history, a complete physical ex- 
amination, a comprehensive group of hepatic tests, and, 
in representative cases, needle biopsies of the liver. An 
unexpectedly high incidence of findings suggesting mild 
hepatic disturbance has been encountered in both the 
maximal and minimal exposure groups. The incidence of 
such findings to date in the unselected post-hepatitis group 
(lA) has been only slightly higher. The observations on 
the selected post-hepatitis group (IB) support existing 
evidence of the occasional occurrence of a severe form of 
chronic liver disease with diffuse hepatic fibrosis follow- 
ing acute viral hepatitis. The data from the 3 “unse- 
lected” groups indicate that such major sequellae arc in- 
frequent but reveal the existence of a relatively large 
number of persons in all 3 groups with evidence of clironic 
mild hepatic disturbance which may be related to preced- 
ing apparent or inapparent infection with hepatitis virus. 

Studies on Treponemal Immobiliaing Antibodies Pro- 
duced in Syphilitic Infection. Rodert A. Nelson, Jr., 
Judith A. Dieeendruck and Harold E. C. Ziieltlin 
(Introduced by Thomas B. Turner), Baltimore, Md. 

A method has been developed by which antibodies to 
virulent Treponema pallidum can be demonstrated in 
vitro. Treponemes arc c.xtractcd from rabbit testicular 
syphilomas and suspended in a special mediu.m in which 
the organisms remain motile and infective for several 
days. On incubation of such suspensions with syphilitic 
rabbit or human sera and guinea pig complement, the 
treponemes become non-motile and lose their capacity to 
infect rabbits. This immobilizing activity is virtually ab- 
sent from normal scrum. 

Using this tcclmique, a prclimi.nary survey cf serum 
and ccrcbrospi.nal fluid from patients in various stages of 
sj-philis luis been made. O: 20 sera from, patients wit;) 
primary syphilis, 10 produced mar'ce-l i.mm-’.ihration, 
tlircc were doubtful, and seven shov.t'! no immebi'irir.g 
cffccL .Ml sera from 20 patients wit!) secrn.d'.ry sy; ':•!!), 
15 with s'Tnptomatic tertiary .'y;hil;s. and tv, n v. ith fen- 
genital syphilis were strcngly positive. .*.11 sera frcm 
20 presumably normal irdiwidual-, and 2s p'.t’mt: v. ith 
ci'eases ether titan 5;.7hili5 vtre r.’gative. 
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Similarly, cerebrospinal fluids from 10 patients witli 
central nervous system syphilis were positive while fluids 
from 10 non-syphilitic patients were negative. 

By absorption experiments it has been demonstrated 
that the immobilizing antibody is distinct from reagin 
which is detected by the ordinary serological tests for 
syphilis. Thus far, the sera of seven patients with un- 
questionable biological false-positive serological reactions 
were completely negative with the treponemal immobiliza- 
tion test. 

Since the immobilizing antibody appears to be directed 
specifically against T. pallidum, it may afford a practical 
method for the study of the immunology of syphilis in 
man. 

The Effects of Salt-Poor Albumin on the Excretion of 
Water and Electrolytes in Edematous Patients. Jack 
Orloff, Louis G. Welt and Lyman Stowe (Intro- 
duced by Paul H. Lavietes), New Haven, Conn. 

The infusion of 100 grams of a 25 per cent solution of 
salt-poor albumin may initiate a diuresis of water and 
sodium in edematous patients. When albumin is admin- 
istered to normal subjects, however, despite similar hemo- 
dynamic changes, the excretion of sodium is decreased and 
that of water not significantly altered. 

Albumin was injected intravenously as a 25 per cent 
solution into 2 patients with toxemia of pregnancy, 3 with 
the nephrotic syndrome, an edematous pregnant female 
without toxemia and 2 normal subjects. In those patients 
in whom the sequence of events were analyzed, there was 
initially a profuse water diuresis in which water was lost 
far in excess of sodium. The resultant elevation of the 
concentration of sodium in the extracellular fluid was as- 
sociated with a diuresis of salt. 

In contrast, in both normal individuals and in edema- 
tous patients who did not develop a water diuresis during 
the infusion of albumin, there was no change in the level 
of sodium in the extracellular water, and no subsequent 
increase in the excretion of salt 
From these studies it appears that the primary diuretic 
action of albumin in some edematous patients is to pro- 
mote a diuresis of water. If water is lost sufficiently in 
excess of salt to elevate the concentration of sodium in 
the extracellular compartment, an increased excretion of 
sodium ensues. 

Obscn>ations on Experimental Pulmonary Edema. Rob- 
ert Paine (by invitation) and John R. Smith, St. 
Louis, Mo. 

Experimental heart failure in dogs with intact circula- 
tion usually causes no pulmonarj- edema, although pulmo- 
narj’ congestion may be marked. In contrast, heart-lung 
preparations always develop "spontaneous” pulmonary 
edema, in time. These phenomena were investigated in 
dogs. In all instances pulmonaiy lymph flow was meas- 
ured by modifications of Drinker’s technique. 

In eight c.xperimcnts, congestion of individual lung 
lobes, or of the entire lungs, produced no increase in 
l.vmph flow nor evidence of pulmonarj* edema. 


The role of decreased plasma proteins in lung edema 
was investigated in nine experiments. Sufficient intrave- 
nous Locke’s solution was infused to reduce tlie plasma 
proteins to about 2.6 grams per cent. Marked and sus- 
tained pulmonary lymph flow occurred, although systemic 
venous pressure was little influenced by the infusions. In 
addition, complete mechanical obstruction of the pulmo- 
nary lymphatic duct provoked no evident gross pulmonary 
edema; however, in the same animals Locke’s infusion 
again resulted in lung edema. 

Heart-lung preparations were set up, following isola- 
tion of the right lymphatic duct. Pulmonary lymph flow 
increased immediately after establishment of the heart- 
lung circuit (five experiments). In eleven other in- 
stances, lymph flow was carefully measured as various 
vessels were tied off in making heart-lung preparations. 
Thus, heart-lung-head preparations could be established in 
which the lung lymph flow was not increased. However, 
when the cephalic arteries were ligated (making an ordi- 
nary heart-lung), augmented lymph flow and eventual 
pulmonary edema occurred. Possibly autonomic effects 
from cerebral ischemia may influence the development of 
pulmonary edema when the heart-lung-head is trans- 
formed to the heart-lung circuit. Other evidence suggests 
that the rapidity of onset of pulmonary edema in the 
heart-lung is intensified when left ventricular overloading 
occurs, producing elevation of both pulmonary arterial 
and venous pressures, and consequent destructive rise in 
capillary pressure. 

An Abnormality in Nitrogen Metabolism in Cushing’s 
Syndrome Altered by Testosterone Propionate; A 
Study Utilizing Glycine Tagged zvith Isotopic Nitrogen, 
N 15.. William Parson (Introduced by Thomas 
Findley), New Orleans, La. 

Isotopic nitrogen, N 15, was incorporated in glycine 
and fed in single small doses to healthy men on normal 
and high protein diets. The rates of urinary excretion 
of N 15 were determined by the use of the mass spec- 
trometer. Simultaneous nitrogen balances were made. 
Our results are similar to the observations of the Co- 
lumbia group, reported in part by Sprinson. Approxi- 
mately 30 per cent of the fed N 15 appears in the urine 
in 24 hours when the diet contains 1 gram of protein per 
kilogram of body weight The rate increases to approxi- 
mately 45 per cent on a high protein diet containing 1.5 
grams of protein per kilogram. 

A patient with Cushing’s Syndrome in nitrogen equilib- 
rium and maintaining her weight on a diet containing 1 
gram of protein per kilogram, was given "tagged glycine” 
as above. N 15 excretion rates were determined. The 
obser\'ations were repeated during a period of nitrogen 
retention induced by testosterone propionate. Control 
observations were again made when nitrogen equilibrium 
returned after cessation of therapy. 

In this patient, at the end of 24 hours, approximately 
45 per cent of the fed N 15 appeared in the urine during 
both control periods. This figure fell to approximately 
30 per cent during testosterone administration. 
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The significance of this abnormality in nitrogen me- 
tabolism is not established. If the assumption is made 
that “tagged glycine" traces "protein metabolism,” anal- 
ysis of the data suggests that the abnormality in this case 
of Cushing’s Disease may represent “decreased protein 
anabolism,” altered toward normal by testosterone pro- 
pionate. 

Cerebral Blood Flow and Oxygen Conswnpiion in Neuro- 
syphilis. John L. Patterson, Jr., Albert Heyman 
and Fenwick T. Nichols, Jr. (Introduced by Paul 
B. Beeson), Atlanta, Ga. 

The cerebral blood flow was determined by the nitrous 
oxide technique of Kety and Schmidt in 48 patients with 
neurosyphilis and 12 control subjects. Cerebral oxygen 
consumption was calculated from the flow data and the 
arteriovenous oxygen difference. 

In patients with paresis and meningovascular syphilis 
the cerebral blood flow was below the normal mean in 
almost every instance. The mean cerebral blood flow in 
these conditions was 75 per cent and the lowest 32 per 
cent of the normal mean. The cerebral oxygen consump- 
tion was reduced in both groups, but a more marked re- 
duction was found in the patients with paresis. In these 
patients the average oxygen consumption was approxi- 
mately 70 per cent of the normal witli an extreme value 
of only 24 per cent of the normal. In patients with 
asymptomatic neurosyphilis, both the blood flow and oxy- 
gen consumption were within the normal range. 

The effect of penicillin and malarial fever therapy was 
studied in 17 of the patients. The mean cerebral blood 
flow one to six months following treatment in paresis 
showed no consistent change, while the oxygen consump- 
tion showed a marked mean increase (35 per cent). 
These changes could be correlated to a considerable de- 
gree with improvement in the patients’ mental status. In 
most of these patients the improvement in cerebral oxy- 
gen consumption was proportionately greater than the in- 
crease in blood flow. In meningovascular syphilis the 
mean cerebral blood flow following therapy increased by 
an average of 20 per cent of its pre-treatment value, while 
the oxygen consumption showed only a small increase. 
In several patients with either paresis or meningovascular 
syphilis the improvement in cerebral blood flow was asso- 
ciated with an actual decrease in oxygen consumption or 
vice versa. 

These studies suggest that the syphilitic process can 
exert a direct effect on cellular metabolism in the brain 
in addition to impairing its blood supply. 

Postoperative Alkalosis and Potassium Deficiency. O. 

H. Pearson and L. P. Eliel (Introduced by Rulon 

W. Rawson), New York, N. Y. 

A sjTidromc characterized by alkalosis, hypochloremia, 
and hjTKipotassemia has been obser^’cd in 15 patients 
undergoing major surgery and being maintained by in- 
travenous feeding for several days postopcrativcly. Oin- 
ically tlicse patients exhibited muscular weakness, drowsi- 
ness, nausea, abdominal distention, and cardiac irregu- 


larities. Electrocardiographic changes occurred, such as 
depression of T waves, prolongation of the QT interval, 
depression of ST segments, inversion of P waves, fre- 
quent extrasystoles and auriculo-ventricular block. Ad- 
ministration of potassium chloride intravenously or by 
mouth resulted in clinical improvement, a return to nor- 
mal of the acid-base and electrolyte disturbance, and dis- 
appearance of the electrocardiographic abnormalities. 

These electrolyte disturbances show a striking resem- 
blance to those observed in certain patients with Cushmg’s 
syndrome. Darrow has observed similar electrolyte 
changes in rats that were made potassium deficient by 
several different methods. We have observed the devel- 
opment of alkalosis and potassium deficiency in a patient 
treated with adrenocorticotrophic hormone. The data 
will be presented. 

These results suggest that the pathogenesis of this syn- 
drome in postoperative patients is due to the alarm reac- 
tion producing hyper-function of the adrenal cortex, with 
loss of potassium and chloride (or retention of sodium) 
in the urine, associated with a low intake of potassium. 
Other factors which may contribute to the loss of potas- 
sium and chloride will be discussed. 

A Statistical Analysis of the Physiological Factors De- 
termining Cardiac Output in Normal Subjects. Ray- 
mond Pearson (Introduced by William S. McCann) , 
Rochester, N. Y. 

Heretofore, interest in cardiac output has been con- 
cerned with methods and results rather than relationships 
of the factors concerned. The determinants of cardiac 
output can be expressed by various equations relating 
heart rate, stroke volume, o.xygen consumption, ventila- 
tion and arteriovenous oxygen difference. This study is 
a statistical analysis of the available .data both in the lit- 
erature and from our “Chest” Laboratory. 

The results indicate that there is a linear increase in 
cardiac index from the basal state to that of severe exer- 
rise and that the rate of change seems to be fairly constant 
despite the method used to determine it. For each 10 
per cent increase in oxygen consumption there is a 7 
per cent increase in cardiac index. The arteriovenous 
oxygen difference shows a gradual widening with exercise 
but this change is minimal constituting only about 10 per 
cent of the total increase. Heart rate increases more tlian 
stroke volume with an increasing cardiac output. Total 
ventilation is directly related to cither heart rate or 
cardiac indc-x during exercise. As oxygen consumption 
increases with exercise, approximately 90 per cent of tlic 
change is accounted for by increasing ventilation wiicrcas 
only 10 per cent is made up by the increase in the volumes 
per cent oxj-gen absorbed from air. The oxygen trans- 
ported per heart beat reflects more of a change in arterio- 
venous oxv'gcn difference tlian in stroke volume. Slides 
arc presented to illustrate these dianges. 

Clinical Study of ll-Dehyircf-lT—Iiydrcxy-Ccr-ticostcr- 
one in Hypcricr.F.on, Addison's Disease end Diabetes. 
George .A. Peeera and (b;.- invitation) KrsMrr I- 
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Pines, Howard B. Hamilton and Katherine Vis- 
LOCKY, New York, N. Y. 

The present study was undertaken in order to deter- 
mine the clinical and metabolic effects of synthetic 11- 
dehydro-I7-hydroxy-corticosterone acetate (Cpd. E.) 
(Merck). Because of the possibility tliat this steroid 
might exert a depressor action on the arterial tension, in 
addition to its reported modification of carbohydrate me- 
tabolism, observations were made on four patients, two 
with uncomplicated hyertensive vascular disease, one with 
Addison’s disease, and one with diabetes mellitus and 
hypertension. 

Observations were made after an adequate baseline and 
on a constant regimen. Cpd. E was administered intra- 
muscularly (20 mgs. every 6 hours) for periods usually 
of eight days. 

At least transitory salt and water retention was ob- 
served, but an increased nitrogen excretion was not con- 
sistently apparent Serum electrolyte values were not 
materially affected. A slight decrease in cholestrol esters 
was noted. Urinary 17-ketosteroid and “corticoid” excre- 
tion did not change significantly. Blood sugars, after 17 
hours’ fasting, and glucose tolerance tests were minimally 
altered, but the results were of doubtful significance. 
Transitory ketonuria appeared in some subjects. Cpd. E 
produced an increase in total white cell count, together 
with a pronounced drop in eosinophiles. Percentage up- 
take of radioactive iodine in the patient with Addison’s 
disease fell slightly. 

Cpd. E exerted a depressor effect on the “resting" 
blood pressure of the hypertensive patients. 

The Use of hitravetwus Human Albumtu in Decompen- 
sated Cirrhosis of the Liver. Joseph Post and (by 
invitation) Jerome V. Rose, Bronx, N. Y. 

Human albumin was administered intravenously to 
sixteen patients criticaly ill with decompensated cirrhosis 
of the liver, for about three months, in amounts sufficient 
to maintain normal scrum albumin levels. The dietary 
regime consisted of about 3,500 calories with 140 grams of 
protein, and supplcmentarj’ B complex parcntcrally. Two 
patients had post-necrotic cirrhosis and fourteen were al- 
coholics with Laennec’s cirrhosis. Due to the gravity of 
illness, the pre-treatment observation period was one to 
six weeks. 

Of these sixteen patients, thirteen improved and had 
complete diurcses, two showed only widening of the para- 
centesis intervals, and one had no effect (later died witli 
I’.epatoma). Of the thirteen patients who had diurescs, 
five died some weeks later of the following causes: 
“cholemia" — 2 ; hematemesis — 1 ; carcinoma of stomach — 
1 : uremia — !. Seven patients who had diurcses, were 
comatose when therapy was begun. 

Si.x other patietUs, not in.cludcd above, were in deep 
coma cn admission and survival only two, two, three, 
'.even, eight and thirteen days of tl'.crapy. 

Thirty-two patients, with decompensated Laenncc's cir- 


rhosis of the liver, were observed during a period of six 
to eight weeks for control studies, while on the above 
dietary regime. These patients did not appear as seri- 
ously ill as were those treated with albumin. Twenty- 
one improved and diuresed without albumin treatment. 
Ten died for the following causes : “cholemia” — 1 ; hema- 
temesis— 5 ; uremia — 1 ; hepatoma — 2 ; intestinal obstruc- 
tion — 1. 

Intravenous albumin has a place in the therapy of de- 
compensated cirrhosis of the liver. 

The Nature of Auricular Flutter. Myron Prinzmetal, 
and (by invitation) I. C. Brill, Eliot Corday, Alvin 
L. Sellers, Walter A. Flieg and H. E. Kruger, Los 
Angeles, Calif. 

The present concept of auricular flutter, based upon 
the classical studies of Lewis and his coworkers, is that 
this arrhythmia is due to a pure circus movement moving 
down one auricle and up the other, ringing the venae 
cavae. Lewis believed that daughter waves were emitted 
to the periphery of the auricles from the main circus path. 
By taking slow motion pictures (2000 frames per second) 
of fluttering auricles, (250 times slower than normal 
speed) the flutter wave can be readily seen. When flutter 
is produced by placing aconitine in the center of the sur- 
face of the right auricle it can be seen that the flutter 
contraction travels in all directions from the ectopic focus 
and not in one direction as would be demanded if Lewis’s 
circus movement were the cause of flutter. No daughter 
waves of contraction are visible. A burn placed across 
the path of the theoretical circus wave does not interfere 
with the flutter. Flutter contractions appear similar to 
the contractions in paroxysmal tachycardia. The main 
difference is that flutter is due to more rapid discharge 
from the ectopic auricular focus with varying degrees of 
A-V block. Auricular flutter results when an ectopic 
focus discharges itself at a faster rate than in paro.xysmaI 
tachycardia but slower than in auricular fibrillation. The 
flutter wave does not pursue a circular course but travels 
in all directions from the site of impulse formation by all 
available routes. 

Differential Diagnosis of Adult Rheumatic Fever and 
Rheumatoid Arthritis by Means of Serological Tests. 
R. W. Quinn and S. J. Liao (Introduced by John 
R. Paul), New Haven, Conn. 

Serological studies are reported on series of cases as 
follows: (i) 50 cases of active rheumatic fever; (ii) 42 
cases of inactive rheumatic fever (both groups (i) and 
(ii) largely adults) ; (iii) 40 cases of acute beta hemolytic 
streptococcal upper respiratory' infections; (iv) 35 adult 
cases of rheumatoid arthritis, and (v) 45 normal subjects. 
One to six samples of blood from each of these subjects 
liave been studied by means of a battery of tests, includ- 
ing, antihyaluronidase, antistreptokinase, antistreptolysin 
"O,” and streptococcal agglutination with both autoclaved 
and live organisms. 
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The introduction' of two relatively new tests, namely 
(a) antihyaluronidase and (b) Thulin’s agglutination 
technique employing autoclaved beta hemolytic strepto- 
cocci, are significant points in this study. Their use 
places the former (a) in relation to the other strepto- 
coccal antienzyme tests and the latter (b) in relation to 
conventional agglutination tests using live organisms. 

Results of these tests indicate that in active rheumatic 
fever all of the antibody titers except the agglutination 
titers are significantly higher than in the other groups 
Studied. In inactive rheumatic fever titers are not sig- 
nificantly higher than in normal subjects, except in the 
case of the agglutination titers which were higher than 
normal. In patients convalescent from upper respiratory 
hemolytic streptococcal infections, the titers of all four 
tests are higher than in those with inactive rheumatic 
fever, rheumatoid arthritis or normal subjects. 

Similarities in the clinical pictures of adult rheumatic 
fever and rheumatoid arthritis are discussed along with 
the serological means now at our disposal for differentiat- 
ing these two conditions. This discussion indicates that 
in any individual case, high titers in any one or all of 
the anti-enzyme tests and a high agglutination titer would 
seem to favor a diagnosis of rheumatic fever, whereas low 
anti-enzyme titers and a high agglutination titer would 
favor a diagnosis of rheumatoid arthritis. 

Stndy of a Human Cystinuric Fed Radioactive Methio- 
nine. Lester J. Reed, Doriano Cavallini, Fred 
Plum, Julian R. Rachele and Vincent du Vign- 
EAUD (Introdued by Robert F. 'Watson), New York, 
N. Y. 

Studies on human and experimental animals having 
spontaneous cystinuria have clarified some of the steps in 
organic sulfur metabolism. A source of urinary cystine 
sulfur has been proved to be ingested methionine in dogs 
through the use of radioactive sulfur (S”)- The present 
communication extends this type of approach to the 
human. 

Through the incidental finding of a spontaneous cysti- 
nuria of from approximately 0.3 to 0.5 gm. per day in a 
patient with a post-meningitis convulsive disorder, wc 
were provided the opportunity to study this cycle. Radio- 
active sulfur (S“) in methionine (200 mg.) was given 
this patient in an amount considered safe by the standards 
of the Health Physics Department at Oak Ridge, 
Tennessee. 

Following the ingestion of tagged metliionine, radio- 
active sulfur (S“) was found in the cystine of this pa- 
tient s urine within 24 hours, and later was detected in 
the cystine of her hair. This unequivocally demonstrated 
that O’Stine sulfur may arise from ingested methionine. 
Coincidentally with the feeding of the S“ the patient had 
a transient increase in capillary fragility, fall in hemo- 
globin and decrease in red blood count There had been 
an associated nutritional difficulty witli the consulsivc dis- 
order. These abnormalities responded to iron therapy 
and the treatment of tlie primary clinical difficulty, and 
an IS month follow-up has revealed no abnormality at- 
tributable to the radioactive sulfur. 


The Action of Insulin on Glycogen Deposition in Adi- 
pose Tissue. Albert Renold and D. W. Fawcett (by 
invitation) and Alexander Marble, Boston, Mass. 

The observations here reported were made during a 
study of lipodystrophies due to insulin. A promising line 
of approach was suggested by the report of Fawcett in 
1948 who called attention to histological studies demon- 
strating under certain conditions considerable amounts of 
glycogen in fatty tissue. 

In our studies the glycogen in the fat of diabetic rats 
was determined chemically and found to be negligible in 
untreated animals whereas amounts as large as l.S-3.0 
per cent of the fresh weight of fat could be demonstrated 
24 hours after a single large dose of insulin. This action 
of insulin could be shown to be both local and systemic. 

Young, female, alloxan-diabetic rats (40 animals) were 
subjected for 65 days to daily injections of 3-5 units of 
protamine zinc insulin into the fat pad of one groin, with 
control injections of saline into the other groin. The 
insulin-injected fat pad showed an increase in weight 
averaging 55 per cent, an increase in total ether-extract- 
able material averaging 66 per cent and a definite increase 
in the size of individual fat cells. The ability to deposit 
glycogen under the influence of insulin was not consist- 
ently altered at the site of the prolonged injections. 

From these data it is concluded that there is evidence 
of a local metabolic action of insulin in adipose tissue. 
This action might be attributed to the increased produc- 
tion of metabolically available carbohydrate — glycogen — 
therefore to a possible favoring action on the conversion 
of carbohydrate to fat in the adipose tissue itself. Con- 
siderable evidence for the existence of extrahepatic lipo- 
genesis is available in the literature. 

The Relation of Effective Pulmonary Blood Flo-.v to 
Total Pulmonary Blood Flow in Normal Man and in 
Patients with Various Types of Chronic Pulmonary 
Disease. Richard L. Riley, Robert Austrian, Ken- 
neth W. Donald and Andre Cournand (Intro- 
duced by Dickinson W. Richards, Jr.), New York, 
N. Y. 

With knowledge of the composition of inspired and ex- 
pired air, tlie respiratory quotient and the tensions of O, 
and CO, in systemic arterial blood, it is possible to deter- 
mine indirectly the composition of alveolar air and of 
pulmonary capillary blood that would obtain if homogene- 
ous equilibrium existed between blood and gas phases 
throughout the lung. When the composition of mixed 
venous blood is also determined, one can compute the pro- 
portions of mi.xed venous blood and of effectively oxy- 
genated pulmonary capillary blood that, when mixed, 
would yield blood of the composition found in the systemic 
arteries. Effective pulmonary blcKx! flow is defined as the 
product of total cardiac output times the calculated pro- 
portion of effectively oxygenated pulm.onary capillary 
blood. 

In normal individuals, cfifectivc p’ulmonary blood flo’.v 
averaged 95.8 per cent of total pulm.onary flo’.v. In pa- 
tients with p’uim.onary suppuration a.nd in tho;e with p.ul- 
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monary fibrosis, the effective fraction of total flow aver- 
aged 92 per cent and 88 per cent respectively. In a group 
of patients with severe emphysema, the average effective 
fraction of flow was 69 per cent, a value only slightly, 
higher than that found in a proven case of pulmonary 
arteriovenous fistula. 

The Summation of Penicillin and Streptomycin Activity 
in Vitro and in the Treatment of Subacute Bacterial 
Endocarditis. William C. Robbins (Introduced by 
David P. Barr), New York, N, Y. 

Despite the therapeutic effectiveness of penicillin in sub- 
acute bacterial endocarditis, ultimate failure occurs in ap- 
proximately 10 per cent of all cases because of inadequate 
suppression of the causative organism even by massive 
doses. Moreover, the use of streptomycin in these cases, 
most of which are caused by enterococci, has effected 
little improvement in the results. 

An investigation has been made of the combined activ- 
ity of penicillin and streptomycin in vitro with particular 
reference to the quantitative relationships of their com- 
bined action on strains of enterococci isolated from pa- 
tients with endocarditis. It has been observed that peni- 
cillin and streptomycin act as coadjuvants in inhibiting 
growth of enterococci. Total summation of partial effects 
has been found to occur throughout a wide range of con- 
centrations of each constituent drug. For example, com- 
plete inhibiton of growth is achieved with a mixture in 
which each drug is present in a concentration only half 
that of its own inhibitory concentration. 

Five patients with persistent enterococcal bacteremia, 
four of whom had endocarditis, have received penicillin 
and streptomycin concurrently in doses of moderate size. 
Two patients received the combined tlierapy terminally, 
but three completed a four to eight weeks course of this 
therapy. 

In all three patients bacteremia was promptly reversed 
and the immediate striking clinical improvement was sus- 
tained. The apparently complete recoveries have been 
maintained for si.x to fifteen months. Two additional 
patients arc now under treatment. 

The uniformly good results in these patients has been 
in striking contrast to the previous general experience 
with the use of either drug alone, and suggests the opera- 
tion in vivo of a summative effect comparable to that ob- 
served in zdlro. 

The Effects of Oral Therapy xviih Cobaltous Chloride in 
the Blood. Joseph C. Robinson (by invitation), Rob- 
EKT ^f. Kark, (by invitation) Mary Maloney, Fred- 
erick Sargent, II, and George W. James, Chicago, 
111., and Richmond, Va. 

Although cobalt is an effective erythropoietic agent in 
cobalt deficient and healthy animals, its effects on the 
blood of I’.ealthy adults and of patients suffering with 
N-arious types of hematologic disturbances have not been 
cle.arly defined. When administered orally cobaltous chlo- 
ride (20 to 2-10 mgs. per day) induced anorexia in some 
patients but no other toxic sjmptoms were observed. 


With the above dosage schedule, increased erythropoi- 
esis was observed in 15 patients ill with chronic sepsis, 
in two patients suffering with skeletal neoplastic met- 
astases, and in one patient with an unexplained long- 
standing refractory anemia. No erythropoietic response 
was noted in patients suffering with pernicious anemia 
when they were fed cobaltous chloride either alone or 
incubated with normal gastric juice. The drug was with- 
out effect in a patient ill with nutritional macrocytic 
anemia. 

The blood of IS young adults ill with chronic suppura'- 
tive infection, when compared with the blood of 10 bed- 
ridden controls, showed abnormal iron and copper concen- 
trations in plasma, a decreased red cell mass and a re- 
duced total circulating hemoglobin. Following treatment 
with cobaltous chloride reticulocyte responses were ob- 
served in each patient. The maximal reticulocyte per- 
centages were usually noted between tlie sixth and tenth 
day and did not exceed S percent in any patient. There- 
after, a steady increase was noted in red blood cell 
counts, in hematocrit values and in hemoglobin levels. 
The plasma volume changed but slightly whereas the cir- 
culating red cell mass and the total circulating hemoglobin 
increased about 30 percent. 

In an attempt to explain the mechanism of cobalt ac- 
tivity on the basis of impaired cellular respiration, the 
blood of patients was examined spectrophotometrically. 
No abnormal concentrations of methemoglobin were 
observed. 

Tyrosine Metabolism in Human Scurvy. Walter F. 
Rogers, Jr., and Frank Gardner (Introduced by 
Robert F. Pitts), Syracuse, N. Y. 

It has previously been reported that scorbutic guinea 
pigs, and premature infants fed high protein diets, have 
a defect in their metabolism of tyrosine which is corrected 
by vitamin C. These findings have prompted the study 
of tyrosine metabolism in 4 individuals with scurvy and 
in 4 normal persons. 

After suitable control periods all individuals, with the 
exception of one scorbutic, received 20 grams of tyrosine 
by mouth daily for periods varying from five to thirty-one 
days. The patients with scurvy, while on a vitamin C 
free diet, and under this load of tyrosine, excreted large 
amounts of “tyrosyl” derivatives, and the power of their 
urine to reduce phosphomolybdic acid increased markedly, 
presumably due to the presence of p-hydroxyphenylpy- 
ruvic acid. Compared to normal individuals receiving 20 
grams of tyrosine per day, the scorbutics excreted from 
seven to fifteen times the quantity of "tyrosyl” derivatives, 
and the power of the urine of scorbutics to reduce phos- 
phomolybdic acid was twenty to thirty times that of nor- 
mals, the urine of the latter showing no increased power 
to reduce phosphomoylbdic acid during the administration 
of tyrosine. The administration of vitamin C to scorbu- 
tics during tj-rosine loads completely corrected the met- 
abolic abnormality in from twenty-four to forty-eight 
hours. 

The administration of these large amounts of tyrosine 
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appeared to exacerbate the clinical condition of the indi- 
viduals with scurvy. 

Variations in the Electrophoretic Pattern of Synovial 
Fluid in Articular Disease. Maman W. Ropes and 
(by invitation) Dorothy Kaufman and Gertrude E. 
Perlmann^ Boston, Mass. 

As reported previously, comparison of the electropho- 
retic patterns of synovial fluid and serum in rheumatoid 
arthritis supports the hypothesis that there is increased 
permeability to protein of the tissues interposed between 
the blood and the joint space. In some of the fluids the 
distribution of proteins followed closely that found in the 
corresponding serum. In other cases there was a marked 
elevation of gamma-globulin in the synovial fluid despite 
a relatively low concentration of this component in the 
serum. 

Study of electrophoretic patterns of synovial fluids from 
traumatic arthritis suggests that there is differential per- 
meability to individual protein fractions. Albumin was 
always higher in the fluid than in the serum, alpha-1 and 
beta-globulins essentially the same, and alpha-2 and 
gamma-globulins lower in the fluid. 

Further study of rheumatoid fluids has indicated some 
correlation between the electrophoretic pattern of the 
synovial fluid, the clinical features of the involved joints 
and the other characteristics of the fluid. In patients 
with early or mild involvement of the joint studied, the 
electrophoretic pattern usually resembled that of traumatic 
fluids, with albumin higher in the fluid than in the serum 
and gamma-globulin in equal or lower concentration in 
the fluid. In cases with longer duration or greater sever- 
ity of inflammation in the joint studied, the electrophoretic 
pattern tended to be different. The albumin concentration 
was equal in the fluid and serum and the gamma-globulin 
higher in the fluid. 

The electrophoretic pattern described in the previous 
report, with marked elevation of the gamma-globulin in 
the fluid above that in the serum, was found in three cases 
showing atypical clinical pictures. In these patients, 
large effusions had been present for one to eight years, 
but there was relatively little objective evidence of joint 
damage and other studies of the synovial fluid indicated 
relatively mild inflammation. 

The Inhibitory Effect of Secretions of the Human Respi- 
ratory Tract on Influenza Virus. Harry M. Rose, 

New York, N. Y. 

Aqueous preparations of sputum from individuals with 
a number of diseases accompanied by cough and expecto- 
ration contain variable amounts of a substance which will 
inhibit the agglutination of crj-throcytes by influenza virus 
type^ A (PR8) and B (Lee). This inhibitor is not 
specific antibody and is unrelated to the mucin content 
of sputum, as determined by the ACRA test, or to tlie 
C'cl of antibodies in the blood. It acts directly on the 
vinis and not by altering the coThrocj-tc. 

^ The inhibitor is moderately heat stable but is destroyed 
in 30 minutes at 100° C. Its activity is essentially un- 


changed over a pH range from 4.0 to 8.0. It may be 
partially purified and concentrated by treating sputum 
with chloroform, followed by precipitation with ethanol 
at low temperature. The 'partially purified material is 
more stable on storage than the original sputum. 

The titer of inhibitor is higher against influenza virus 
heated to 56° C. for 30 minutes than it is against the same 
number of agglutinating units of living virus. This effect 
is more pronounced with Lee than with PR8 virus. 

The inhibitor is destroyed by exposure to living PR8 
virus but not by exposure to heated virus. Its activity is 
also moderately reduced by treatment with the R.D.E. of 
Vibrio cholerae. 

Mixtures of inhibitor and PR8 virus which fail to ag- 
glutinate erythrocytes when first prepared show a pro- 
gressive rise in hemagglutinin titer on standing at 37° C. 
This is interpreted to indicate the release of virus from 
an inhibitor-virus complex. Such eluted virus may or 
may not show a reduction in its infectivity for chick 
embryos. 

Preparations of the inhibitor may neutralize up to 1,000 
minimal infectious doses of PR8 virus in mice. Previous 
treatment of the inhibitor with living virus reduces its neu- 
tralizing potency. 

Effect of Urethane (Ethyl Carbamate) in Multiple Myel- 
oma. R. Wayne Rundles, M. L. Dillon, Edith S. 

Dillon and John Armstrong (Introduced by David 

T. Smith), Durham, N. C. 

Eleven patients with multiple myeloma have been 
treated with urethane. One could not tolerate the chem- 
ical and three died in 1-5 weeks. Seven patients were 
given 120-240 grams of urethane in 8-10 weeks and the 
course of their disease studied over periods up to 16 
months. Striking clinical benefits were observed, includ- 
ing subsidence of fever, relief of skeletal pain, and gain 
in weight and strength. Incapacitated individuals were 
able to resume normal activities. 

Measurable improvement related to all aspects of tlie 
disease. Abnormal plasma or “myeloma” cells became 
fewer or disappeared from the bone marrow and showed 
morphologic changes indicative of retarded or arrested 
growth. Four individuals had severe anemia. After ure- 
thane therapy abnormal cells disappeared from the circu- 
lating blood. The hemoglobin and red cell rvalues im- 
proved, in three cases to normal levels. There was no 
progression in the osteolj-tic skeletal lesions as judged 
by serial roentgenograms. Bony recalcification was de- 
monstrable in individuals with extensive skeletal disease 
after 4-6 months. Scrum calcium levels when clcrntcd 
fell to normal. The scrum proteins were studied by elec- 
trophoretic methods in five patients. After Uvo months of 
urethane therapy the abnormal globulin components de- 
creased conspicuously or virtually disappeared. Tlie 
amount of Bence Jones protein in the urine decreased. 
There was no association between the type of serum pro- 
tein abnormality or the amount of proteinuria and rera! 
function impairment. Nitrogen retention did not develop 
after urethane therapy. 



808 


PROCEEDINGS OF THE FORTY-FIRST ANNUAL MEETING 


Incomplete remissions of the disease have been ob- 
served as well as relapses 2-6 months after discontinuing 
urethane. Successive courses of urethane were given 
with good results. Despite these reservations the thera- 
peutic benefit of urethane in multiple myeloma exceeds 
that of any other agent in use at this time. 

Fatal B Vims Encephalomyelitis in a Physician Working 
with Monkeys. Albert B. Sabin, Cincinnati, Ohio, 

This is to report for the second time in the past 16 
years that a physician, aged 25, engaged in experimental 
work with rhesus monkeys, died from an infection of the 
central ner%' 0 us system due to B virus, which occurs in 
monkeys much like herpes simplex virus occurs in man. 
The first case, a fatal acute ascending myelitis, from 
which the B virus was isolated and identified, occurred in 
1932 in a young physician who was bitten by a monkey. 
In the present case there was no bite, but the infection 
apparently resulted from contamination by monkey saliva 
of a minor cut on the right index finger. This was fol- 
lowed by an insignificant lesion at the site of the cut, 
lymphangitis, lymphadenitis, and within a few days there- 
after by a febrile illness during which the following sig- 
nificant neurological manifestations were observed in the 
order mentioned: crops of small herpetic-like lesions on 
the inner aspect of the right forearm, arm, axilla and 
anterior chest wall associated with soreness and burning 
sensation, dysphagia, increasing mental confusion, ab- 
sent deep tendon reflexes in lower extremities, inability 
to expel enema, urinary retention, bilateral nystagmus, 
irregular respiration and finally cessation of respiration. 
The most severe lesions were found in the gray matter 
of the posterior and lateral horns of the spinal cord, in 
adjacent areas of the white matter, in the regional spinal 
ganglia, and medulla. An infectious agent possessing the 
properties previously described for B virus was recovered 
from the affected right axillary lymph node and central 
nervous system, by inoculation of rabbits. Mice proved to 
be relatively refractory and passage was not possible in 
them. No virus was found in the patient’s cerebrospinal 
fluid, liver and spleen. The virus recovered from the pa- 
tient was neutralized by a specific B virus antiserum. 

I 

Unusual Serological Findings in a Group of Cases of 
Pneumococcal Pneumonia Associated with the Presence 
of Influenza Virus in the Sputum. Jonas E. Salk and 
(by invitation) Mary P. Lynch, Pittsburgh, Pa. 

Between October 1948 and February 1949, when influ- 
enza was not occurring epidemically in the area in which 
these observations were made, 73 cases of pneumonia were 
studied, 5 of which yielded influenza virus upon inocula- 
tion of sputum into developing chick cmbrj’os. The vi- 
ruses isolated in these cases, and from an additional case 
of influenza-like illness, were all found to be related anti- 
genienlly to the .A-prime group of influenza virus Type A. 
Pnaimococois Type I was found in the sputum of 2 cases, 
Tyjv; 11 iti two other cases, and Type XVI in the sputum 
oi tl'.c fifth case. Bacteremia was present in tlrrec in- 
stances; tl;e patients with Type I pneumonia were found 


to have 1,260 and 306 colonies per cc. of blood, respec- 
tively, and one with Type I pneumonia had 11 colonies 
per cc. 

It is of particular interest that the presence of the virus 
in the sputum of these patients would not have been sur- 
mised from the results of the serological studies employ- 
ing the hemagglutination-inhibition test and the comple- 
ment-fixation test. Even with homologous antigens, these 
tests failed to reveal any increase in antibody in convales- 
cence. However, definite evidence of antibody increase 
was observed in one case, and suggestive evidence in an- 
other, by a method involving virus neutralization tested 
in ovo. 

Although a satisfactory explanation for the vagaries in 
the serological findings is not immediately apparent, sev- 
eral plausible possibilities exist These are at present 
under investigation and will be presented and discussed. 

j 

The Effects of Postural Changes, Stellate Ganglion 

Block, and Anemia on the Cerebral Circulation. Peritz 

Scheinberg (Introduced by W. M. Nicholson), Dur- 
ham, N. C. 

Many mechanisms influencing cerebral circulation can 
now be reinvestigated semi-quantitatively by the nitrous 
oxide technique for cerebral blood flow, devised by Kety 
and Schmidt. This technique was modified by drawing 
continuous 10-minute samples of arterial and internal 
jugular blood, thus allowing the body to integrate the 
mean nitrous oxide contents rather than calculating them 
mathematically from 5 separate arterial and venous 
samples. 

Effective cerebral arterial pressure was reduced by 
tilting to an angle of 65° from the horizontal. Unilateral 
release of sympathetic tone was accomplished by procaine 
block of the stellate ganglion. Patients with anemia had : 
(I) chronic blood loss of varying durations; (2) pernici- 
ous anemia. 

In 13 normals the average reduction in effective mean 
arterial pressure on tilting was 34 per cent. Average 
decrease in cerebral blood flow was 21 per cent, with 
average increase in cerebral arterio-venous Oj difference 
of 23 per cent. Cerebral O- utilization (cerebral blood 
flow X A-V O;) did not change. Average cerebro- 
vascular resistance (mean arterial pressure cerebral 
blood flow) fell 16 per cent. Average fall in internal jug- 
ular venous pressure was 60 mm. H;0. 

Stellate blocks were done on 16 subjects. These fell 
into 3 groups: (i) normal young individuals ; (2) elderly 
patients with diffuse vascular disease; and (2) elderly 
patients with acute cerebral vascular accidents. There 
was no significant change in cerebral blood flow, O- util- 
ization, or cerebro-vascular resistance following stellate 
blocks in any of the groups. 

In 7 patients with anemia from chronic blood loss cer- 
ebral blood flows were increased greatly over the normal ; 
the cerebral A-V O- differences were proportionately re- 
duced, giving normal values for cerebral O, utilization. 
The cerebro-vascular resistance was markedly diminished 
in all. 
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In 5 patients witli pernicious anemia tiie cerebral oxy- 
gen utilization was strikingly decreased. In one the 
value was normal. 

Renal Insufficiency Caused by Overhydration or Depres- 
sion of Sodium Chloride: The “Loiv-Sall Syndrome.” 
Henry A. Schkoeder, St. Louis, Mo. 

Under certain circumstances, especially when there is 
slight impairment of renal function due to the aging proc- 
ess, hypertension or congestive circulatory failure, olig- 
uria leading to renal excretory insufficiency may develop 
rapidly. When the intake of sodium chloride is restricted 
and the intake of water is not, or when depression of 
body salt and not of water is induced, the result is nitro- 
gen retention, dilution of extracellular electrolytes, over- 
hydration and probably hydration of cells. Death occurs 
from uremia. This condition was encountered in over 
30 cases, of which 10 died, under the following circum- 
stances : (a) In congestive failure after the enthusiastic 
use of mercurial diuretics, (b) In congestive failure with 
slight renal damage when the intake of fluids was rapidly 
elevated, (c) In arterial hypertension with moderate renal 
insufficiency when the intake of salt was severely re- 
stricted, (d) Post-operatively, in older individuals, when 
the concentration of plasma electrolytes was diminished 
by too vigorous use of glucose in water, (e) When ex- 
cessive electrolyte losses from surgical drainage (bile, 
etc.) had occurred. While the electrolyte pattern re- 
sembled that seen in anuria from other causes when fluids 
and not salt were given, renal function could be often re- 
stored by increasing the concentration of the electrolytes 
in extracellular fluids to normal levels. The intravenous 
injection of hypertonic saline solution (5-d per cent), in 
an amount sufficient to replace the calculated deficit in 
extracellular fluids, was the method of choice. When this 
was used, diuresis often became established and renal 
function returned toward normal. No adverse effects 
from the use of hypertonic salt were obserr-ed or expected 
when electrolyte levels were depressed even in the pres- 
ence of general anasarca, pulmonary congestion, and ele- 
vation of the venous pressure. The early recognition of 
oliguria due to overhydration or salt depletion is neces- 
sary for therapy to be effective. It is probable that many 
cases of so-called "post-operative,” "reflex” and "essen- 
tial ’ anuria arc the result of overhydration. Shock was 
not necessary for the situation to develop. 

.S'onii' Biochemical hfjccts of Radiation. S.xmuei. 

Schwartz (Introduced by Jay C. Davis), Minne- 
apolis, Minn. 

The effect of relatively large amounts of ionizing radia- 
tions on several biochemical systems has been studicel in 
human subjects and in experimental animals (dogs, rab- 
bits, and rats). The following changes have been ob- 
served : 

(1) There is a marked rise in excretion of urinarv 
c<trt!Co-;i(.Toi(is in luini.in subjects. 

(2) There is a significant increase in bile pigment ex- 
cretion indicating that radiation anemia is in jiart 
hemohtic in nature. 
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(3) There is a marked fall in the urinary and fecal 
excretion of coproporphyrin. 

(4) Evidence of liver dysfunction is found shortly after 
the irradiation and especially during the several 
days preceding death. 

(5) Marked increases are often found in the urinary 
urorosein reaction in humans. Another trypto- 
phane derivative, kynurenic acid, is excreted in in- 
creased amounts by dogs. 

(6) Increases are often observed in the adenosine tri- 
phosphate fraction of the circulating white blood 
cells. (This may be noted with relatively small 
amounts of radiation, but is not uniform.) 

Excreiion of Sodium Following Sulfanilamide Adminis- 
(raiton tit Congestive Heart Failure. Willia.m B. 
Schwartz (Introduced by Samuel A. Levine), Bos- 
ton, Mass. 

It has been the hypothesis in this study that inhibition 
of carbonic anhydrase in the renal tubules should result in 
an increased excretion of sodium. Since the acidification 
of the urine appears to be effected by hydrogen ions within 
the renal tubular cells being exchanged for sodium ions in 
the glomerular filtrate, it was postulated that diminished 
tubular excretion of hydrogen should lead to a decreased 
rcabsorption of sodium. For this reason sulfanilamide, a 
specific inhibitor of carbonic anhydrase, has been admin- 
istered in an effort to lower the rate of formation of car- 
bonic acid in the renal tubules and thus reduce the source 
of hydrogen ions available for excretion. Seven subjects 
in refractory congestive heart failure on constant fluid and 
food intakes have received sulfanilamide in doses of three 
to six grams per day for periods of two to eight days. In- 
creased excretions of sodium averaging three to four times 
the control values have resulted in each. case. There was 
also, in most instances, a prompt increase in potassium and 
water excretion and loss of weight proportional to the 
increased sodium excretion. .At the same time there was 
a fall in the carbon dioxide combining power of the scrum 
and an elevation of the scrum chloride level. Significant 
improvement in the signs and symptoms of congestive 
heart failure occurred in five out of seven patients. Other 
compounds with unsubstituted sulfonamide groups which 
arc inhibitors of carixmic anhydrase arc under investiga- 
tion in an effort to find a substance less toxic than 
sulfanilamide. 

The Effect of Endocrine Therapy on Hormonal Excretion 
in Patients xeith Carcinoma of the Breast with E.rten- 
sion. zXt.nr.RT Sr-r,Ai.nrF and (by invitation) Rich Ain 
L. CorrEiKiE, New Orleans, l.a. 

Studies of various hormonal excretions have Ikcu done 
in patients with metastatic carcinoma of th.e brea-t. Many 
of the patients showed levels of gonadotrophic liormor!'- 
e.xcretion much lower than one vMc.dd extort from tl.-. ir 
age and endi^rrine status. This i- l>elicved due to li'.sir 
advanccsl cachecn’c state as were the lov. kcto>p r, c'd s.-du' - 
observed in many of these same pati'-nis In the jati'U ts 
in uhcim gf‘naslo*r,.pinc }',ortnon'-s v. ere 'uffeis -uth' lu.'h 
l“.'forc the initiation of therapy. ). t'n estr' cs-r.* ; n 1 r-. ir.-- 
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gens produced the expected decrease of gonadotrophic hor- 
mone in the urine. Most of the patients receiving testos- 
terone propionate showed the expected rise in ketosteroid 
excretion and androgen excretion. However, two of the 
patients with previously low ketosteroid values had no in- 
crease in ketosteroid excretion. 

In 3 of the 6 patients in whom follow-up cortins 
were obtained, there was a very distinct rise in the excre- 
tion of cortin while on testosterone therapy. In the one 
pavient under estrogen therapy in whom this has been 
studied, there was no change in the excretion of cortin 
in the urine despite a favorable clinical response to the 
estrogen. 

In 3 of the 4 patients in whom the urinary excretion of 
lactogenic hormone has' been studied before and during 
therapy with testosterone, there was a distinct rise in pro- 
lactin excretion during the therapy with testosterone. In 
one of these 3 patients, estrogen produced no further 
change. 

There has been no very striking correlation between the 
clinical course observed in any of these patients and the 
hormonal changes in the urine. However, the patients ob- 
taining the best clinical responses to testosterone were the 
patients who showed the increases in cortin excretion. 

The iMclabolism and Excretion of Electrolytes and Glu- 
cose in Diabetic Acidosis. Donald W. Seldin and 
RonuuT TAnAii, (Introduced by David M. Kydd), New 
Haven, Conn. 

I'ifteen patients, studied during the early stages of dia- 
betic acidosis, received repeated moderate or massive in- 
jections of glucose. Utilization and storage of carbohy- 
drate probably occurred within the first two to three hours 
of treatment, since the injected glucose could not be com- 
pletely recovered in the extracellular fluid or urine. The 
large increment of administered glucose which was ex- 
creted after massive injections resulted in a striking in- 
crease in urine flow despite dehydration. Potassium was 
not swept into the urine by the osmotic action of glucose 
within the renal tubule, since the excretion of the ion was 
highest initially and fell progressively notwithstanding 
marked increases in glycosuria. The excretion of sodium 
and chloride, in contrast. ap])eared to be augmented by in- 
fusions of glucose, although this response was modified by 
adai'tive reactions such as conservation of sodium in the 
maintenance of acid-base eiiuilibrium. 

'file serum concentrations and urinary losses of potas- 
sium and phospliorus were liighest initially, and fell pro- 
gre^ively during treatment, 'fhe high serum concentra- 
tion' re.'ulteif from the failure of the initially accelerated 
excretion to keep pace with the effects of rapid cellular 
rele.'i'e of the iou' and a contracting extracellular volume. 
.\fter treatment wa' instituted, however, the discharge of 
p.".a"ium and I'ho-jihorus from cells was progressively re- 
tauh.d Indeed, po-itive intracellular balances of phos- 
id: cu- were o’. -cried in six of seven patients and of po- 
in two of eigl'.t patients. The slow cellular re- 
h.o- o; t!'." ! >:!' (po-.-ibly due to increa'et! utib'gation of 
> . r! .^'pd.'-ate awl .liminishvd catabohs-n of proteini, in 
V o with e> .nt’.nnine I..--.-- in the urine and expan- 


sion of extracellular volume were responsible for the fall 
in the serum concentrations. 

The Effect of Lumbodorsal Sympathectomy upon Insulin 
Tolerance in Man. F. A. Simeone (Introduced by 
Oliver Cope), Boston, Mass. 

The insulin tolerance of non-diabetic hypertensive pa- 
tients selected for lumbodorsal sympathectomy did not 
differ from that of non-diabetic non-hypertensive patients 
of the same age group. In the cat, dog, and rabbit, de- 
nervation of the adrenal glands renders the animals extra- 
ordinarily sensitive to insulin. In a previous report, it 
w’as demonstrated that, contrary to expectation, the insulin 
tolerance of patients wdio had had lumbodorsal sympathec- 
tomy w'as increased during the immediate postoperative 
period. This finding was interpreted as a manifestation 
of the adaptation syndrome. 

Tw'enty-six patients have been studied approximately 
one year after lumbodorsal si'mpathectomy and the insulin 
tolerance curves have been compared with those before 
operation and with those immediately after operation in 
the same patients. The sensitivity to insulin a year after 
operation was significantly greater than it w'as before 
operation or soon after operation. 

In three of the twenty-six patients, the increased sensi- 
tivity to insulin a year after operation was especially 
striking, the blood sugar concentration remaining 20 per 
cent below fasting as long as 180 minutes after the injec- 
tion of insulin. One of these three had a convulsion after 
insulin, 0.08 units per kilogram of body weight intraven- 
ously). No other patient had a convulsion before or after 
operation. 

In summary, lumbodorsal sympathectomy is attended 
by increased sensitivity to insulin demonstrable after a 
preliminary period of increased tolerance, a manifestation 
of the adaptation syndrome. In the majority of cases, 
however, the change in sensitivity is not great enough to 
be a useful test of adrenal denervation for the individual 
patient. 

The Site of Action of Mcthyltcstostcronc in fhe Produc- 
tion of Creatinuria. Ethan A. H. Sims (Introduced 
by Arthur J. Geiger), New Haven, Conn. 

It is generally accepted that methyltestosteronc inges- 
tion produces increased creatine synthesis, which is fol- 
lowed by creatinuria when the capacity to store creatine 
is exceeded. The initial rise in guanidoacetic acid (GAA) 
serum levels and excretion indicates accelerated GAA syn- 
thesis. It has not, however, been demonstrated that crea- 
tinuria may be produced solely by increased GAA syn- 
thesis. Failure to recover quantitatively exogenous 
creatine or GAA in balance studies, including a recent 
study in which the subject's tissue creatinue was labeled 
wit!) X-15, suggested that the methylation of GAA is re- 
tarded by excess creatine. If this were so, it would be 
necessary to postulate that mcthyltcstostcronc accelerates 
the mctlu-lation as well as the synthesis of GAA. 

G.AA tolerance tests made after the ingestion of 25 gm. 
of creatine gave results inconsistent with a retarded con- 
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version of GAA to creatine under these conditions. To 
determine whether GAA is in fact methylated when the 
tissues are loaded with creatine, a normal subject was 
given 2.5 gm. of GAA daily in 16 hourly portions after 
the body had been saturated by prolonged creatine inges- 
tion. A creatinuria averaging 0.48 gm. was seen during 
the following 21 days. The creatinine excretion did not 
fall during this period, suggesting that the urinary crea- 
tine did not originate from body creatine. All creatine 
values were corrected for glycocyamidine. GAA excre- 
tion averaged 0.55 gm. per day during the period of crea- 
tinuria. No evidence suggesting retardation of mcthyla- 
tion of GAA was found under these conditions. It was 
thus possible to simulate the creatinuria from methyltes- 
tosterone by administering GAA in physiological amounts. 
This suggests that the direct action of the steroid on 
creatine metabolism may be solely that of accelerating 
GAA synthesis. 

The Dynamics of the Cellular Response of Lymph Nodes 
to Acute Bacterial Infection. Ralph O. Smith (by in- 
vitation) and W. Barry Wood, Jr., St. Louis, Mo. 

In order to define more precisely the role of lymphatic 
tissue in the cellular mechanism of antibacterial defense, 
a study was made of the pathogenesis of acute popliteal 
lymphadenitis produced in rats by inoculation of the foot- 
pad with Type I pneumococcus. Early in the course of 
the infection the bacteria reaching the popliteal node via 
lymphatics caused a rapid exudation of polymorphonu- 
clear leucocytes within the nodal sinuses. The granulo- 
cytes which accumulated in the intermediary sinuses were 
found to come primarily from capillary blood vessels of the 
node, whereas the majority of inflammatory cells in the 
subcapsular sinus arose from the primary focus of infec- 
tion in the foot. The granulocytes in the sinuses, carried 
tow’ard the hilus by the continuous flow of lymph, formed 
a “log jam” of cells through which invading bacteria were 
forced to pass. The hilar accumulation of cells greatly in- 
creased the filtration efficiency of the node, and pneumo- 
cocci caught among the phagocytes were promptly in- 
gested. Mast cells lining the sinuses were noted to 
discharge their heparin containing granules into the nodal 
lymph. W^hether this mast cell reaction accounts for the 
failure of lymph within the node to clot or whether the 
released heparin plays some other role in antibacterial de- 
fense is now being investigated. It is concluded that 
lymph nodes, often regarded as passive filters in the lymph 
stte.am, in reality react promptly to bacterial invasion and 
provide an active cellular barrier to bacterial invasion of 
the blood stream. 

Lr.rr Fimction Sltidie.s in Amrhiasi.’!. W. A. Sot.r.MAX 

and (by invitation) A. .X. Dokrxkr. New Orleans, I-a. 

Liver functiorv tests (cephalin flocculation, thvmol tur- 
bidity. quantitative blood bilirubin, bromsulf.ak'ml were 
done in a group of 51 patients with colonic amebiasis in 
the absence of dysentery, clinical evidences of malnutri- 
tion and past history of hepatic disease. They fell into 
tour groups ; (!) Acute amebic abscess, (p) Ariiic amebic 


hepatitis without demonstrable abscess, (i) Colonic amebi- 
asis with tender hepatomegaly but without systemic re- 
sponse, and (4) Colonic amebiasis without demonstrable 
hepatomegaly. Tests were done before therapy was in- 
stituted and, where possible with abnormalities, after ther- 
apy was completed. 

Approximately SO per cent of those in groups 1 and 2 
showed evidence of hepatic damage, chiefly with the ceph- 
alin flocculation test and with minor elevations of the blood 
bilirubin. In 10 per cent there was clinical jaundice. In 
group 3 the tests were positive in about 20 per cent and, 
like group 4, were spotty and irregular. 

These studies indicate that (i) in the absence of a feb- 
rile response, the variability of results was not striking. 
(2) Although diffuse damage occurs in the liver from 
amebiasis and is reflected in liver function tests, the process 
at times may reach advanced stages with no more evi- 
dence of involvement, by the technics used, than in those 
with subclinical involvement. (2) The number of such 
discrepancies between the clinical findings and the liver 
function tests used is in contrast with that seen in some 
other acute conditions of the liver and may be helpful at 
times in differential diagnosis. (4) Moderate degrees of 
hepatomegaly, unexplained and without confirmatory posi- 
tive tests of liver function, arc at times the chief physical 
findings of amebiasis and should lead to search of the 
colon for this disease. (5) Amebiasis may, at times, 
without clinical signs of hepatic involvement give evidence 
of hepatic involvement with the liver function tests used. 

Coronary Blood Flow and Cardiac Oxygen Consumption 
in Uuauesthetiacd Dogs. F. C. Spencer, S. R. Powers, 
D. L. Merrill and R. J. Bing (Introduced by Cowles 
Andrus), Baltimore, Md. 

In a large scries of experiments on trained, unancsthc- 
tized dogs, the coronary blood flow through the left ven- 
tricle has been determined by the combination of coronary 
sinus catheterization and the nitrous oxide method. .A 
catheter was inserted into the coronary sinus through the 
external jugular or cephalic vein; arterial blood was col- 
lected from the femoral artery. Following a ten-miiiutc 
saturation with 15 per cent nitrogen oxide, samples were 
collected over a desaturation period of eight minutes. 
Mixed venous blood was collected simultaneously through 
a separate catheter in the pulmonary artery. Left ventric- 
ular weight was calculated from the tallies of Herrmann. 

The left ventricular flow averaged 151 cc./lOO grams/ 
minute, the coronary arterio-venous oxygen difference 12.8 
vol. per cent, and the o.xygen consumiition of left ventric- 
ular muscle 19.5 cc./lOO gram/minute. The oxygen con- 
sumption of the whole left ventricle averaged ll..! ce. of 
oxygen / niimite. The left ventrieular effirieney 

left ventricular work (kgni. meler-) 
energy cost of uliole left ventricle (kgni. rtn ter.-- ) 

c.alculated frotn an average cardiac output of cr. •' 

minutes and a mean aortic iirc“-ure of IIO He v..o 
found to l>e .'9.7 ixt Cent. 

It may I>e cov, eluded that in tl;c utui!;: 'tr.t ti/td <!' ;• 1- to 
left ventricular .and o\ygt-i eo-o-.ruption ;.-r .. 0 -:! 
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weight arc twice as higli as in the anesthetized dog (Ed- 
kenhoff et al). Accordingly the left ventricle efficienc}’’ 
is within the range observed in norma! man. 

Metabolic Effects of Synthetic Compound E (17~Hy- 
droxy-ll-Dchydrocorticosteronc) in 2 Patients zvith 
Addison’s Disease and in 1 with Coexisting Addison’s 
Disease and Diabetes Mcllitus. Randall G. Sprague 
and (by invitation) Marschelle H. Power, PIarold L. 
Mason and Harley E. Cluxton, Rochester, Minn. 

Response to the administration of synthetic compound E 
(17-hydroxy-ll-dehydrocorticosterone) was studied in 2 
female patients with Addison’s disease and in 1 with both 
Addison’s disease and diabetes mellitus during treatment 
with Il-dcsoxycorticosteronc. Compound E acetate was 
administered intramuscularly as an aqueous suspension of 
finely ground crystals in doses of SO and 100 mg. daily, 
respectively, to the 2 patients with Addison’s disease, and 
in doses of 30 mg. to the patient with both Addison’s dis- 
ease and diabetes. In another study, the last patient re- 
ceived 25 mg. of free compound E daily. 

Under the conditions of these studies, compound E pro- 
duced no significant change in the urinary excretion of 
sodium, potassium or chloride. Likewise, minor changes 
in the excretion of nitrogen, calcium and phosphorus were 
probably not significant. 

During treatment with compound E, both patients with 
Addison’s disease were able to fast without decline of the 
level of the blood sugar. A minor reduction in sensitivity 
to insulin, and higher levels of the blood sugar in the 
course of glucose tolerance tests were also observed. In 
the case of coexisting Addison’s disease and diabetes mel- 
litus, carbohydrate effects of the hormone were more 
easily demonstrated. During treatment with compound E, 
(here was a marked increase in urinary glucose, in spite 
of the daily administration of 4 or more times the amount 
of insulin employed in the control periods. 

During and following periods of administration of com- 
pound E acetate, the urinary 17-kctosteroids and corticos- 
teroids increased above the control levels. In 1 patient, 
the excretion of these substances remained elevated for a 
period of four weeks after the administration of compound 
E. acetate was discontinued, and there was evidence of per- 
sistence of its physiologic effects during this time, sug- 
gesting that the steroid was absorbed slowly from the sites 
of injection. 

The results demonstrate the predominant carbohj-dratc 
activity of compound E. The hormone was excreted in 
part as a 17-ketosteroid. 

Cerdioiaseular-rcnal Dynamics and Electrolyte Excretion 
in I'anhypopHttiturcsin. J. Sta.mlek. .X. P. Fishman 
and R. KtisrxMAX tlntroduced by L. X. Katz), Chi- 
cago, 111. 

Iv.crca^cd appreciation that hormonal factors influencing 
miu ral excb.auge may jday a role in the initiation and 
i •,T'-i'te::cc of co;ige-tive lieart failure led us to study the 
c.a.!;.i\a-.'ul.ir-ri!ia! dynamic elianges in various endocrine 
I’.o, .rd-T' a«-<K'iated \'.ith electrolyte disturbances. 

: I’.o rep irt pre-'.-rtt^ the initial data in tin- investigation. 


In two cases of panlij^popituitarism, with B.M.R.’s of 
-48 and -23 respective!}', studies of the cardiovascular- 
renal dynamic clianges by cardiac catheterization and renal 
clearance techniques revealed the following changes: de- 
creased cardiac output, cardiac index, circulation rate, 
renal blood flow, renal index (renal blood flow/cardiac 
output), glomerular filtration rate, and blood volume, and 
normal thiocyanate space and venous pressure. 

Patient A presented symptoms suggestive of adrenal 
insufficiency (plasma Cl 90, Na 134 m. eq./L) ; patient B 
had no such findings (plasma Cl 102, Na 144 m. cq./L). 
With distal tubular function calculated on the basis (H. 
W. Smith) that there is an obligatory isotonic proximal 
tubular reabsorption of 85 per cent of the glomerular fil- 
trate, renal clearance data reveal the following : In patient 
A, with plasma Cl concentration of 89-91 m. eq./L, 6.7~7.4 
per cent of the Cl filtered (GFR: 47 cc./min.) is ex- 
creted ; the overall tubular reabsorate has a Cl concentra- 
tion of 86-87 m. eq./L; distal tubular Cl reabsorption is 
at the rate of 0.3-0.4 m. eq./min. ; the distal reabsorbate 
has a Cl concentration of 58-62 m. eq./L. In patient B, 
despite a higher plasma Cl concentration (94-104 m. eq. 
/L) and despite a higher GFR (58 cc./min.) only 2.0-4.2 
per cent of the Cl filtered is excreted ; the overall tubular 
reabsorbate has a higher Cl concentration (102-114 m. eq. 
/L) ; distal tubular Cl reabsorption occurs at a greater 
rate (0.7-0.8 m. eq./min.) ; by further contrast, the distal 
Cl reabsorbate is hypertonic (267-485 m. eq./L), and this 
cannot be accounted for by impaired HjO reabsorption. 
Thus, the inadequacy of distal electrolyte absorption in 
patient A, even at low plasma Cl levels, contrasts markedly 
with that of patient B and accounts for the hypochloremia 
and hyponatremia in the former. 

It is suggested that patient A, unlike patient B, is one of 
the more unusual cases of panhypopituitarism suffering 
from a secondary adrenal insufficiency involving the miner- 
alocorticoids. In such a patient both the decreased de- 
mands upon the heart (low B.M.R.) and the decreased 
tubular reabsorption of electrolytes secondary to adrenal 
insufficiency mitigate against the development of congestive 
heart failure and edema, despite myocardial damage and 
low glomerular filtration rate (decreased presentation of 
Na to the renal tubules). 

The Effect of the Iodide Ion on Thyroid Hormone Por- 

mation in Man. Malcolm M. Stanley (Introduced 

by E. B. Astwood), Boston, Mass. 

The amount of iodine entering the thyroid normally pro- 
vides an index of hormone formation. Stable thyroid io- 
dine (I ”) accumulation can be estimated with radioactive 
I provided (1) That thyroid I”' can be measured and 
(2) That the specific activity of the collected I”' can be 
computed. P” = P’VS.A. 

X'carly simultaneously, serially, urine P'^ and P^', serum 
P'‘ and thyroid P” were determined, the last by counting 
at 35 centimeters from the gland. The kidneys excreted 
these isotopes in the urine in the same ratio in which they 
appeared in the serum: SP=VSI"' = UP'VUP”. The 
renal and thyroid arterial blood iodide contents were iden- 
tical; the urinary P'‘; p-' ratio reflected the specific activ- 
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ity of the thyroid radioiodide accumuiated during the 
period. Serum iodide (!'”) — SI'” X UI'” / UP 
The thyroids of these twenty controls with serum iodide 
levels around one microgram or less (without extra io- 
dide) accumulated 5-16 micrograms P”/hour, averaging 
11 micrograms/hour. As serum iodide levels were raised 
to 6-12 micrograms per cent by iodide administration the 
iodine accumulated by the thyroid proportionally increased. 
With higher serum iodide levels inhibition of organic bind- 
ing of iodide in the thyroid occurred, with subsequent .com- 
plete blocking of uptake. This extended the observations 
of Wolff and Chaikoff in the rat. The thyroids in eight 
thyrotoxic patients accumulated an average of 122 micro- 
grams I’”/hour; inhibitory serum iodide levels were less 
than five micrograms per cent. 

With varying serum iodide values below inhibition the 
thyroid collects a constant fraction of the serum iodide. 
Probably the amount of iodide in the thyroid cells, rather 
than in the serum, determines the inhibitory point; with 
great ability to accumulate iodide (high thyroid ; serum 
ratios) inhibition occurs with low serum iodide levels, and 
vice versa. 

Fat in Intravenous Nutrition. Frederick J. Stare and 
(by invitation) Sherwood W. Gorens and Robert P. 
Gever, Boston, Mass. 

The inability to supply caloric requirements is a handi- 
cap in present-day parenteral therapy. 

Work on the preparation of fat emulsions for intraven- 
ous use and on some of the metabolic aspects of the in- 
travenous administration of fat has been under way in this 
laboratory. In the past year fat emulsions have been 
given to patients with varying degrees of success. A few 
cases will be mentioned of which the following is typical. 

Tlic patient was a 24-ycar-old white male with onset 
of frequent bloody mucous stools 7 j'cars ago. A iliagnosis 
of ulcerative colitis was made. Fifteen months prior to 
admission, lie began to have 9 to 12 bowel movements per 
day and he lost 45 pounds. An ileostomy was performed. 
The ileostomy did not function properly, and the patient 
developed a peritoneal infection and a mid-jejunal fistula. 
It was necessary to reoperate to close the fistula. At this 
time the patient weighed only 90 pounds and was in an 
extremely poor state of nutrition. Oral intake was nil, 
and the usual parenteral therapy contributed no more than 
400 calorics per day. On the first postoperative day 500 
ml. of a 15 per cent fat emulsion containing 1.6 calories/cc. 
were given ; on the second day twice thi.s amount was 
given. T he patient showed marked clinical improvement 
and felt much stronger. For the next 10 day.s he received 
daily infusions of fat varying from 600 to 900 ml. and 
furnishing 960 to 1,440 calories. By this time oral intake 
of uhkI was sufficient and all parenteral t!ierai>y coukl be 
terminated. 

Summariring. fat cmnlsions can be prepared wliich can 
he given intravenously without reaction, and which con- 
tribute appreciably to caloric intake uithont reipiiring 
large tluicl voUuuev or j^rofipugol infusion times. 


The Serum Proteins in Portal Cirrhosis — Electrophoretic 
Studies. Effects of Therapy. Kenneth Sterling and 
William E. Rickets (by invitation), and Joseph B. 
Kirsner and Walter L. Palmer; Chicago, 111. 

Electrophoretic analyses of the serum proteins and liver 
function tests were performed on ten normal subjects and 
twenty patients with proven portal corrhosis of the liver, 
with follow-up studies during the course of medical man- 
agement in five patients. 

The principal abnormalities observed in the serum pro- 
teins of 14 untreated patients were diminutions of the al- 
bumin fractions and elevations of the gamma-globulin 
fractions. Less frequently observed and usually less pro- 
nounced were elevations of the beta-globulin fractions. Of 
these 14 cases, seven with ascites and hyperbilirubinemia 
exhibited these alterations in marked degree, so that the 
gamma-globulin fractions usually approached or even ex- 
ceeded the albumins. Seven patients without ascites mani- 
fested a considerable range of variation in the electropho- 
retic pattern from markedly abnormal to nearly normal 
in three cases without symptoms. 

Serial electrophoretic studies and tests of hepatic func- 
tion were done on five patients with ascites and hyperbili- 
rubinemia during the course of medical management for 
nine months or less. Progressive change in the direction 
of normal coinciding with clinical improvement was ob- 
served during the administration of a high protein, high 
carbohydrate, high caloric diet. Infusions of plasma and 
concentrated human albumin were followed by pronounced 
and immediate elevations of the scrum albumin values. 

Six patients who had clinically recovered from severe ' 
portal cirrhosis and had been asymptomatic for more than 
two years were found to have electrophoretic patterns very 
close to normal. 

These studies indicate that the alterations in tlie scrum 
protein pattern in portal cirrhosis arc not irreversible, but 
with prolonged medical management and clinical recovery, 
may revert practically to normal. 

Alcohol and Homeostasis: The Uncompensated ll'ater Di- 
uresis Induced by IVhiskcy. Maurice B. Str\u.ss and 
(by invitation) Jack D. Rose.ndal’.m and M'illi.v.m P. 
Nelson, 111, Framingham. Mass. 

Although the diuretic effect of strong drink was com- 
mented upon by W. Shakespeare, modern scientific opinion 
has leaned toward the thesis that it is the large (luantity 
of fluid so often simultaneously imbibed which provoke- 
the increased urinary output. The occurrence of umlue 
thirst following the ingestion of strong or even nnicl! di- 
luted alcohol appears to be a matter of common knowledge 
albeit little concerning this may lx- found in -eieniific 
literature. 

Five hours after breakfast, volunteers invested 147 rc. 
of Bourbon whiskey or water. Following the form- r. the 
urine output was increased tk.ree-fold or mice, b ;! the es;- 
cretion of strong electrolyte e.xhifiiled, no signi.e a’U /!- 
lion from the values ofi-ervid after v.atir. 

In order to compensate for in-en.sil.’'- v.rtir !•; t; < 
fa-ling, thirsting s;.ate, the ttrit!-.- st-.'.-nd c- ntain ; ’ 
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a third more electrolyte than the body fluids if hypertonic- 
ity of the latter is to be avoided. Since, after whiskey, the 
urine was observed to contain as little as one-fourth the 
electrolyte of body water and to be excreted in rather 
large volume, it is apparent that whiskey defeats the wis- 
dom of the body and significantly disturbs homeostasis. 

The rather constant glomerular filtration rate observed 
indicates that whiskey diuresis results from decreased 
tubular absorption of water. Evidence suggests that this 
is not due to a direct effect of whiskey on the tubules but 
rather an effect mediated through the supra-optico-bypo- 
physeal mechanism. 

No evidence was obtained of any alteration in the dis- 
tribution of water between cells and extra-cellular fluid 
except that which would be anticipated as a result of the 
induced osmotic changes. 

Both in the control and the whiskey studies the excre- 
tion of strong electrolyte often exhibited three-fold varia- 
tion in spite of the fact that the amount of filtered electro- 
lyte remained constant or varied in the opposite direction. 
Glomerular filtration of strong electrolyte would appear to 
be of less significance in controlling the rate of electrolyte 
excretion than has recently been suggested. 

Studies oj Poniiatioii, Diffusion and Absorption of Con- 
stituents of Cerebrospinal Fluid in Man. I. Studies 
svith Na'\ W. H. Sweet, B. Seeveustone, A. Solo- 
mon and L. Bakay (Introduced by James C. White), 
Boston, klass. 

The rate of entrance of normal constituents into cerebro- 
spinal fluid (CSF) from blood is being studied in man, 
with minimal disturbance of the hydrodynamic system. 
Needles placed in one lateral ventricle, cisterna magna and 
lumbar subarachnoid space remain in position throughout 
the experiment. Following intravenous injection of 16 
microcuries of Na"' per kilogram, we withdraw at fre- 
quent intervals, samples of CSF not exceeding 0.2 cc. from 
each of the three points with concurrent blood samples. 
The final CSF pressure is not significantly altered from 
the initial level. Radioactive assay of specimens permits 
the drawing of satisfactory curves describing the rate of 
disappearance of Na” from blood scrum and its rate of 
ai>pearance in CSF at each of the three points sampled. 

Studies have been carried out not only on individuals 
in whom the circulation of CSF was presumably normal, 
but also in iintients with “hyi)crtcnsivc meningeal hy- 
drops," and in patients in whom a recent cerebral lobec- 
tumy for neoplasm had been carried out. Studies have been 
repealed after subsidence of the acute process in several 
patieiitN. 

.\ striking feature of the results has been the rapidity 
of appearance of Na” in the lateral ventricle as contrasted 
with a slower rate in the cistern and an extremely slow 
rate in the lumbar subarachnoid space. In both the normal 
and the ahiionna! individuals the cuncentration of Na” in 
the %eutric!e wa- three to four times that in tl:e cistern 
at I'U- b.-'iir. with an even greater ditTerential prior to this 
tim.-. hi addition there appears to he an unexpectedly 


the cisterna magna, since a number of hours elapse before 
the concentrations at the tw'o points become the same. 

A Proplasmin Activator front Mammalian Tissue. H. 

J. Tagnon and (by invitation) Mary L, Petermann, 

New York, N. Y. 

The proteolytic enzyme plasmin is present in normal 
blood plasma as an inactive precursor called proplasmin. 
Activation can be brought about by treatment of plasma 
with certain organic solvents or by the action of strepto- 
kinase, In certain pathological conditions, for instance 
traumatic shock, the active enzyme may appear in the cir- 
culating blood. This results in digestion of fibrinogen and 
fibrin and may lead to uncontrollable hemorrhage. The 
mechanism of activation of proplasmin in shock is un- 
known. 

The experimental evidence presented here indicates that 
an activator of proplasmin is present in tissue, notably in 
lung. By differential centrifugation in the cold, it was 
possible to separate from an aqueous extract a particulate 
fraction possessing most of the activity of the extract wdiile 
an inhibitor which w'as present in the extract remained in 
the supernate, and could thus be separated from the 
activator. 

The activator was not removed from the particles by 
several washings. The activator transformed proplasmin 
into plasmin even in the presence of the plasmin inhibitor 
of plasma. Optimal pH range extended from 6.0 to 7.2. 
The temperature optimum was 37° C. The amount of 
plasmin produced appeared to be proportional to the 
amount of activator and independent of the quantity of 
substrate (proplasmin). The activator lost its activity by 
incubation at 37° C. for 4 hours or at 56° C. for hour. 
It could be preserved indefinitely in the frozen state. 

The presence of a proplasmin activator, probably a ki- 
nase, in tissue may explain the fibrinolysis in exudates and 
the resorption of blood clots from tissues. Whether such 
an activator will provide an explanation for the fibrinol- 
ysis of shock remains to be demonstrated. 

The Effect of Sodium Withdrarval upon the Body IV eight 

of Normal Young Men. Caroline Bedell Thojias 

and (by invitation) Evelyn Howard and Arlene 

Isaacs, Baltimore, Md. 

A disturbance of salt and water metabolism in liyper- 
tensire patients has been described by Perera and Blood. 
They reported that, following 24 hours of sodium restric- 
tion, the elimination of salt and water from the body as 
reflected in loss of body weight was much less marked in 
patients with hypertension than in normal subjects. Their 
work raises two questions ; 

1. In a larger group of normal subjects, do some re- 
spond to sodium withdrawal like hypertensive pa- 
tients ? 

2. If such individuals be found, is there any evidence 
that they will eventually have bj’pertension ? 

1 he body weiglits of 83 male medical students were ob- 
streed following 24 hours of sodium restriction (.sodium 
chloride 1 granri while on a standard diet. Among 64 nn- 



AMERICAN SOCIETY FOR CLINICAL INVESTIGATION 


815 


selected students, a loss of 1.4 per, cent of total body 
weight was the most frequent change observed. 47 lost 
0.9 per cent or more, while 17 lost less than this amount, 
and in this respect resembled the hypertensive patients. 
Duplicate tests were carried out on 24 subjects, including 
IS subjects showing the “hypertensive pattern” of re- 
sponse; results were consistent in 79 per cent of cases. 
A considerable proportion of normal young men, there- 
fore, respond to sodium withdrawal with the “hyperten- 
sive” metabolic pattern. 

A number of the unselected subjects had a history of 
hypertension affecting one parent, high normal resting 
blood pressure levels, a positive cold pressor test, or were 
overweight, and others selected because of these factors 
were included in the study. The correlation between these 
possible “prehypertensive” factors and the inability to lose 
weight following sodium withdrawal is discussed. 

Correlation oj Clinical Manijestations of Infection -with 
the Elaboration of Hyaluronidase by Pathogenic Pneu- 
mococci. Robert T. Thompson and Frances E. Moses 
(Introduced by Morton Hamburger), Cincinnati, Ohio. 

Pneumococci isolated from the eighteen to twenty-four 
hour blood cultures of thirty patients were tested for the 
ability to elaborate hyaluronidase by inoculation into 0.20 
per cent hyaluronic acid broth. Hyaluronidase elabora- 
tion was determined by the mucoprotein clot prevention 
test. Twenty-one patients had primary pneumococcic 
pneumonia; nine others had pneumonia associated with 
some other disease. Cultures from ten primary pneumonia 
patients failed to elaborate hyaluronidase ; one of these pa- 
tients died. Cultures from eleven primary pneumonia pa- 
tients elaborated hyaluronidase; three of these patients 
died. Considering all thirty cases, the duration of infec- 
tion before blood culture seemed related to hyaluronidase 
elaboration by the infecting pneumococci. Of the cultures 
from five patients who had been ill only one day, one 
elaborated hyaluronidase and four did not. Of the cul- 
tures from eighteen patients who had been ill two to five 
days, nine elaborated hyaluronidase and nine did not. Of 
the cultures from seven patients who had been ill for seven 
days or longer, six elaborated hyaluronidase and one did 
not. 

In the twenty-one cases of primary pneumococcic pneu- 
monia, there was no relation between the age of tlie pa- 
tients or the number of lobes involved and hyaluronidase 
elaboration by the infecting pneumococci. However, of 
tlie cultures from eleven patients with blood urea nitrogen 
under dO mgm. per cent, four elaborated hyaluronidase 
and seven did not. Of the cultures of eight patients with 
blocxl urea nitrogen above 40 mgm. per cent, live elab- 
orated liNTiluronidase and three did not. The blood urea 
nitrogen was not determined in two patients. 

riiese fmding.s indicate that pathogenic pneumococci are- 
more likely to cIal>orate hyaluronidase in the infections of 
longer duration. In primary pueum<K<JCcic pneumonia 
hyaluronidase elalKiration by infecting pncuinivcixrci 
often ass,>eiate\l with elevation of the patients’ bhvJ. 
urea nitrogen. 


The Influence of Streptomycin Dosage on the Pattern of 
of Emergence of Drug Resistant Tubercle Bacilli in 
Patients ivith Pulmonary Tuberculosis. Ralph Tomp- 
SETT (Introduced by Walsh McDermott), New York, 

N. Y. 

Demerec has shown that the development of streptomy- 
cin resistance of staphylococci in vitro proceeds by a series 
of stepwise increases in the degree of drug resistance of 
the bacterial population. In contrast with the homogene- 
ity of steps in penicillin resistance, the first-step strepto- 
mycin resistant strains as well as those of subsequent steps 
contained some organisms of the highest degree of resist- 
ance. It is manifestly impossible to eliminate these highly 
resistant bacteria by the highest concentrations of strepto- 
mycin attainable in vivo. Nevertheless, it is conceivable 
that elimination of intermediate steps might effect a sig- 
nificant reduction in bacterial population during the time 
required for the highest step resistant strains to assume 
predominance, and hence prolong the effective period of 
drug action. It seemed of interest, therefore, to determine 
if a similar stepwise pattern of resistance is demonstrable 
in vivo, and the influence of streptomycin dosage on its 
appearance. 

Observations have been made on strains of tubercle 
bacilli obtained from si.xty-four patients with pulmonary 
tuberculosis treated with streptomycin. In 33 patients who 
received 3.0 gm. of streptomycin daily, the streptomycin 
resistance of all but one of the strains of tubercle bacilli 
fell into two well-defined steps. All strains were highly 
sensitive to streptomycin (2.0 micrograms per ml.) prior 
to treatment. Strains obtained subsequently were found 
to remain at this level or to exhibit such a high degree of 
resistance that they were not inhibited by 100 micrograms 
per ml. of streptomycin. 

In contrast, a high proportion of strains obtained from 
31 patients given only 1.0 gm. of streptomycin daily ex- 
hibited degrees of resistance intermediate between these 
two extremes. As many as half of the strains obtained 
during certain periods were found to be streptomycin re- 
sistant to various degrees less than the inaximum. 

Effect of the Intravenous Injection of I'oceinia Pirns on 
the Surinval of Mice svith a Transmissible Lcuhemia. 
Joseph C. Tl’rner and (by invitation) B.mmi.mm Mrt.i.- 
IKEN, New York. X. Y. 

In the course of investigations designed to examine the 
influence of extraneous viruses on ex[ierimental ne<qiln‘.m^, 
it appears that the behavior of lymjihatic leukemia 9117 
in inbred mice may l>e modified by the iiUrf-durtimi intu 
the hosts of certain strains of living vaccinia \in:s. In 
five separate e.xperiments e.xtending over a peri'll of 
months, of 1-lS untreated control anim.ah 13 t9Y ) ‘^’.tr- 
vived for 3(1 days after the inr>c\iIation of len’a mia ri!' '. 
only 3 (2(7) for d.ay,- or more. In th- '.'imc <'.;-iri- 
ments IS7 mice received single or m-.dtiiple iiitr.aw n .-.-' 
jections tit sti'pen^ifin^ of varrinia at -..-ir;. in;; in.tir-.; 
after the transplantation of the kn’etmi.,. ( >: 2'i 

t2o'’( t livetl .39 tiays att'I 2-’' I ID' t '-irti-.id t/j , - 

more. 
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The variables involved are numerous and have not been 
fully resolved. The magnitude of the effect has so far 
appeared to be inversely proportional both to the acute- 
ness of the leukemia and, perhaps paradoxically, to the 
virulence of the strains of virus. Thus, in the experiments 
noted above, vaccinia of low virulence, prepared from 
mouse-brain culture or frozen pulp (calf), were used. In 
other experiments highly virulent virus from rabbit-brain 
or egg-membrane have completely failed to influence the 
irrortality of leukemic mice. 

The mechanism of the observed effect remains uncer- 
tain ; nor has it yet been settled whether the effect is de- 
termined by the infective particles themselves or some sol- 
uble component of the tissue suspension. Despite the 
difficulties attending the evaluation of findings in experi- 
ments with transmissible tumors, the point may be made 
that, as judged from an unequivocal end-point, survival, 
the behavior of a highly malignant neoplasm appears to 
have been modified in consequence of the introduction of a 
biological agent by the intravenous route at some time 
after the tumor may be assumed to have become estab- 
lished. 

The Inhcniancc oj Pacioscat>ulohumcyal Progressive Mus- 
cular Dystrophy; Variability in E.vpi’cssion in Human 
Inheritance as an Explanation of So-called '‘Anticipa- 
tion.” Frank H. Tyler (Introduced by G. E. Cart- 
wright), Salt Lake City, Utah. 

A study has been made of a large kindred, certain mem- 
bers of which have facioscapulohumeral dystrophy. There 
arc 1,249 individuals in si.x generations in the established 
pedigree. The inheritance is typical of a Mendelian domi- 
nant trait with complete penetrance and variable expressiv- 
ity. Among the completely or nearly completely studied 
sibships which represent simple back crosses (Dd X dd) 
there arc 130 dystrophies and 143 normal individuals. The 
deviation from tlie expected 1 : 1 ratio is insignificant. 

The disorder in the average patient is only slightly in- 
capacitating. However, there is great variability in the 
severity of its expression in middle and old age. Even the 
jjatients with the more severe di.sabilifcs of the disease 
have had large families. This fact has permitted an en- 
lightening comparison of the severity of the disease in the 
offspring and in the parent. This has shown that in cer- 
tain families the children were more severely involved 
than the parents. In other families, the parents show 
the most marked changes. 

In families in which diabetes meliitus or myotonia 
dystropliica occur, it has long been assumcil that the dis- 
order becomes progressively more severe in successive 
generation-. Tin- phenomenon has been called anlicipa- 
ii,«: or antcdiitiii;!. .Another explanation for tile observed 
\ari.ttiou in these disea-es is variability in the expression 
of the tr.ut .md the fact that in severe c.a-es, beginning in 
ad iK-cence. pr.M.-reation become- highly improbable. 
I'ottip.iri-ori uith the finding- in facio-capulohiinieral dys- 
trophv e.ltere large f.imtlie- can Ik.- -tudied. -uggests that 
thi. i- tie- true e\p!a!i:iiion rather than •■.-mticiiiation." 


The Use of Emission Spcctrography in the Study of Me- 
tabolism of Metals in the Blood in Man. Bert L. 
Vallee and John R. Loofboukow (Introduced by 
M. D. Altsdiule), Boston, Mass. 

Emission Spcctrography is based on the principle that 
high energy excitation of atoms causes them to emit light 
of characteristic wavelengths; each element has a typical 
spectral pattern which may be recorded photographically. 
This technique permits the simultaneous identification of 
practically all elements present in a given sample. Quan- 
tities as low as fractions of one microgram may be de- 
tected accurately. Quantitation of at least five or six ele- 
ments simultaneously is possible. 

Previous use of this technique resulted in identification 
of Zinc in leucocytes. Now in progress are studies of 
the distribution of elements in the fluid and corpuscular 
components of human blood. Studies have been made on 
Magnesium, Manganese, Copper, Strontium, Rubidium, 
Titanium and other metals regularly found in blood. 
Some of these elements, heretofore, have not been thought 
to be of biological significance. 

The results of the present investigation are of interest 
in view of the known relation of metals to various enzyme 
systems present in erythrocytes and leucocytes. In some 
instances, the element is an integral part of the enzyme 
molecule such as in the case of iron in catalase, cyto- 
chromes, verdoperoxidasc. zinc in carbonic anhydrasc 
and copper in tyrosinase. In others, in vitro activation 
by various metallic ions has been found essential as exem- 
plified by arginase, phosphatase and succinic dehydro- 
genase. 

The significance of our findings in regard to the metal 
enzjrnc relationships will be discussed. 

The Iron Metabolism and Acid Fragility of Erythrocytes 
in Paro.vysmal Nocturnal Hemoglobinuria. Philip F. 
Wacley and Margaret Adams (by invitation), and 
Joseph F. Ross, Boston, Mass. 

Two subjects (L. G. and L. T.) with paroxysmal noc- 
turnal hemoglobinuria were given radioactive iron by 
parenteral injection and samples of their blood were taken 
at subsequent intervals. For a time the maximum pos- 
sible age of the erythrocytes containing radioactive iron 
would correspond to the interval between the injection 
and the sampling. Washed erjThrocytes derived from 
aliquots of blood taken at specified intervals after the 
injection of radioactive iron were subjected to hydro- 
chloric acid hemolysis at a pH of 6.7-6.9 and determina- 
tions were made of the relative amounts of liemoglobin 
and of radioactive iron released. During a short period 
following injection, acid hemolysis released two to three 
times more radioactive iron from the red cell mass than 
could be accounted for by release of hemoglobin. 

Most of this radioactive iron released by acid hemolysis 
was not loosely bound (“easily splittable iron”) ; 73-96 
per cent of the radioactivity was precipitated with the 
proteins by trichloracetic acid. 

These observations have been considered in light of 
two possibilities : { / ) the susceptibility of the red blood 
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cell to acid hemolysis may vary with age of the cell, or 
(2) all of the radioactive iron released by acid hemolysis 
is not in hemoglobin, some being in other protein bound 
form(s). The implications of these possibilities will -be 
discussed. 

The Effect of Auricular Fibrillation on the Coronary Cir- 
culation. Ren6 Wegria and (by invitation) Richard 
P. Keating, Henry P. Ward and Charles W. Frank, 
New York, N. Y. 

Forty-five bouts of auricular fibrillation induced in 
twelve dogs were studied as to their effect on the mean 
arterial blood pressure and coronary flow. 

At the onset of auricular fibrillation, a marked drop 
in blood pressure and coronary flow occurs. Then, within 
a few seconds, both blood pressure and coronary flow re- 
turn toward their control levels, but whereas the coro- 
nary flow may, at least temporarily, return to or even 
rise above its control level, the blood pressure very sel- 
dom reaches it. As soon as fibrillation stops, both coro- 
nary flow and blood pressure rise above control levels, 
then come down progressively to their control level, but 
the blood pressure may come back to its control level be- 
fore the coronary flow. The mechanisms and significance 
of the cardiovascular reactions observed will be discussed. 

Growth Forms of Common Bacteria Indistinguishable 
from Pleuropneumonia-Like Organisms. Howard J. 
Weinberger and Louis Dienes (Introduced by J. H. 
Means), Boston, Mass. 

The authors will present additional evidence indicating 
that many commonly occurring bacteria can survive and 
multiply in a peculiar form not recognizable by the usual 
bacteriological methods. 

Freshly isolated strains of many bacillary species trans- 
ferred to appropriate media containing varying concentra- 
tions of penicillin undergo a peculiar transformation 
which results in the development of colonies indistinguish- 
able from those of the Pleuropneumonia group. Strains 
of Typhoid, Salmonella, Shigella, H. influenzae, Proteus, 
Bacteroides, Flavobacterium, Strcptobacillus moniliformis, 
and a Gram positive spore bearing bacillus e.xhibitcd this 
phenomenon. In Salmonella, Proteus, Bacteroides and 
Strcptobacillus these Pleuropneumonia-like (L) forms 
can be made to revert to the usual bacillary forms indi- 
cating that they arc growth forms of the bacteria despite 
the marked differences in their morphology, staining reac- 
tions, physical properties, and growth and reproductive 
characteristics. 

The effect of penicillin is not specific. Similar trans- 
formation occurs under other ‘‘untoward" influences in- 
cluding autolysis of the cultures. Exposure of typhoid 
bacilli to fresh human scrum also has resulted in the de- 
velopment of typical L colonics. 

The Pleuropneumonia group is responsible for impor- 
tant animal diseases. In humans Pleuropncumnnia-likc 
organisms have Isecn recovered from prostatic, urethral 
and vaginal si-cretions. bladder and kidney urine, joint 
fluid, empyema fluid, paronychial and iK-ritoneal .ah-cesscs 
and sputmn. 


The nature of these organisms is not fully understood 
and in most cases the relation of the organisms isolated 
from pathological processes to a parent form has not been 
established. The pathological significance of bacteria in 
the Pleuropneumonia-like form warrants intensive study. 
Such organisms have been observed under conditions sim- 
ilar to those prevailing in the body. In light of the wide- 
spread therapeutic use of penicillin and the frequent in- 
corporation of penicillin in culture media, it is possible 
that the incidence of Pleuropneumonia-like organisms will 
increase. 

Studies of the Influence of Penicillin on the Immune Re- 
actions in Streptococcal Pharyngitis. Louis Wein- 
stein and (by invitation) Louis Bachrach and 

Thomas S. Perrin, Boston, Mass. 

A group of 225 patients with pharyngitis due to the 
beta-hemolytic streptococcus was treated with penicillin 
given in a dose of 15,000 units intramuscularly every 3 
hours for 10 days. Serial e.xaminations of their serums 
for antistreptolysin, antistreptokinase, anti-M, and anti-C 
substance antibody and the "phase” reacting material of 
Coburn, at weekly intervals for a month or more re- 
vealed that there was a marked reduction in the ability 
to produce all of these antibodies. In contrast to the 
75-85 per cent incidence of antistreptolysin and the 25- 
35 per cent incidence of antistreptokinase in control un- 
treated patients, of those given penicillin only about 12 
per cent developed significant antistreptolysin and/or anti- 
streptokinase titers. In the treated individuals who 
showed an increase in either or both of these antibodies, 
the height of the titer attained was considerably lower 
than in the average control patient. None of the treated 
group developed any anti-M or anti-C substance antibody 
and the "phase” reactions indicated the lack of value of 
this test as a diagnostic aid in rheumatic fever. About 7 
per cent of the treated individuals developed rheumatic 
fever while approximately 6 per cent showed evidence of a 
varying degree of glomerular nephritis; of these patients, 
only about had a rise in antistreptolysin or anlistrep- 
tokinasc in the blood. 

When the penicillin treatment schedule was changed to 
administration every 8 hours cither intramuscularly or 
orally, the number of individuals showing significant anti- 
streptolysin titers increased remarkably. Thirty-two per 
cent of 103 patients given 100,000 units intramuscularly 
every 8 hours showed an increase in this antilxidy. Ex- 
hibition of penicillin by mouth on an 8-hour schedule 
showed an even lesser tendency to inhibit antilvvly forma- 
tion and in a group of 2-11 patients given the drug in 
doses varying from 50,000 to 80().0(K) units, from dO to 
80 per cent showed an increase in antistreptoly-in. Theoe 
differences in antibody formation could not I-j correl.ati-d 
with i>ersistence or recurrence of streptoc^Kcal infection 
since the vast majority of the patients v. ere rid of their 
organisms in 24—48 hours after therapy v.:,' instituted 
That the increased incidence of antilrKly foriv.ation may 
l)c due to longer [w.-r-istence of Strept' .-ci in t;-.'- f'var- 
ynx is stjj^ccsterl. however, iri th.e group re''vi-. i-g : i''*' 
units of [...niriHin f>raliy every !:-.ur- 'i-o-. in p-,. 
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tients, recurrence of the organisms in the pharytiK was 
common after treatment was stopped. A small number 
of individuals receiving oral penicillin showed a rise in 
the anti-M substance antibody. 

The Fate of Transfused Leukocytes. Austin S, Weis- 
BERGER (by invitation), Robert W. Heinle and (by in- 
vitation) John P. Storaasli and Richard Hannah, 
Cleveland, Ohio. 

Elevation of the leukocyte count following whole blood 
transfusions does not occur even in severely leukopenic 
recipients. A study of this phenomenon was undertaken. 
Concentrated suspensjons of leukocytes were obtained from 
the peritoneal cavity of rabbits by distending their abdo- 
mens with physiologic saline. If radioactive phosphorus 
(P’’) was administered previously in doses of 1 millicurie, 
the cells obtained were radioactive. The fate of such 
transfused cells was studied by determining the radioac- 
tivity of tissues of recipient rabbits. 

The peritoneal fluid was collected, centrifuged and 
washed. Practically all of the P®' was fixed in the cells. 
These were resuspended in Tyrodes solution and trans- 
fused into the same or other rabbits. 

Following the intravenous injection of radioactive or 
non-radioactive leukocytes, an initial increase of blood 
leukocytes never occurred. Instead, a profound leukopenia 
developed usually within 1 to 5 minutes. In more than 
half the animals a subsequent leukocytosis occurred after 
4 to 6 hours. In 5 rabbits sacrificed during the leukopenic 
stage, llie distribution of radioactivity was : lung, 45.4 per 
cent; liver, 20.7 per cent; spleen, 1.0 per cent. In marked 
contrast, tlic distribution following injection of inorganic 
P'* was; lung, 1,3 per cent; liver, 11.9 per cent; spleen, 
0.33 per cent, h'ollowing intra-aortic injection of radio- 
active leukocytes into 5 rabbits, tlic distribution of radio- 
activity was; lung, 30.5 per cent; liver, 17.8 per cent; 
.spleen, 0.35 ])cr cent. Following disappearance of the 
leukopenia (4 to 6 hours), the distribution in 5 rabbits 
was; lungs, 19.1 per cent; liver, 34.9 per cent; spleen, 3.4 
per cent. 

These findings suggest that the lung plays an active role 
in controliin.g the blood leukocyte level. Since cell-free 
aqueous extracts of leukocytes produce a similar profound 
leukoiienia, the arrest of leukocytes in the lungs represents 
more than a simple filtering of foreign bodies. 

Fffeets of Infusion of Albumin on the n.rcrctiou of ll'aicr 

amt Fleilrolyles in Xonnal .'iulifeels. Loi'is G. Welt 

and Jack Orloik (Introduced by John P. Peters), 

Xeu Haven, Conn. 

During infusions into normal subjects of 100 grams of 
a 2.’ per cent snliition of salt-i>oor albumin the rate of c.x- 
crvti"u of sodium ilecrca.ses. There is no significant al- 
teration in water excretion. These changes are associated 
with an increa'c in (ilasma volume. They arc not corre- 
l.ited with the decree of change in total protein or albumin 
co:;ceiUrati‘>n^ in the -eriirn nor with a significant change 
it! i.'!'!. i-.is cre.itinine clearance. 

,\d;!i!!t:'tratto:'. ed a 10 I'cr Cent solution of albinnin rc- 
• ti’t'd .it! itt.reti'c in plti-ma volume ari<i a definite de- 


crease in the rate of excretion of sodium and water. In 
contrast, when albumin was administered as a 4 per cent 
solution water excretion rose strikingly and sodium excre- 
tion questionably. This reaction was less marked when 
a 5 per cent solution was administered. 

It appears that when albumin is infused in normal sub- 
jects in concentrations with a higher colloid osmotic pres- 
sure than that of serum the rate of water and sodium e.x- 
cretion diminishes below that obtained with iso-osmotic 
albumin infusions. When the plasma volume is expanded, 
but the colloid osmotic pressure remains normal the kid- 
neys respond in such a manner as to correct over-hi'dra- 
tion ; but when e,xpansion of plasma volume is accompanied 
by excessive colloid osmotic pressure their response is ad- 
justed to correct dehydration. Gradations of these reac- 
tions elicited by varying the concentrations of injected al- 
bumin suggest that the responses are controlled by the 
balanced action of two forces, colloid osmotic pressure and 
plasma volume. 

It is also possible that a decrease in interstitial fluid 
volume in normals initiates a mechanism that increases the 
reabsorption of sodium and water; and an increase in 
plasma volume unassociated with a decrease in interstitial 
fluid volume provokes a diuresis. 

A Comparison in the Same Individual of the Nitrogen Loss 
Folloii’ing Surgery toifli that Produced before Operation 
by an Identical Feeding Program. Sidney C. Werner, 
New York, N. Y. 

Twenty-eight patients on approximately adequate diets 
in terms of calories and protein have been given a reduced 
diet similar to that usually given post-operatively, both be- 
fore and after the procedure. Tlie resultant alterations, in 
nitrogen balance have been compared. No significant in- 
crease in negative nitrogen balance occurred after chole- 
cystectomy, inguinal or extensive ventral hernia repair, 
provided constant feeding was maintained through the 
operative day and subsequently. 

Tlie data obtained suggest that most of the work during 
the w'ar concerning the effect of trauma or disease on ni- 
trogen balance cannot be interpreted as indicating the role 
of injury. First, the preceding dietary intake was often 
not known. Second, a constant intake of calories and pro- 
tein was not maintained from the moment of trauma. 
Third, the increased demands for calories resulting from 
fever have not been taken into account, in most studies. 

Since no changes in nitrogen balance after operation 
have been found which could not be accounted for on the 
basis of inadequate calorics, a review' of the typhoid fever 
work on “toxic destruction of proteins” has been made. 
Here too, adequate provision of calories produced nitrogen 
equilibrium at the height of disease, a finding similar to 
the war period findings in this and other laboratories on 
the effect of increased protein, or calorie and protein, in- 
take after injury or operation. The one study suggesting 
that an excess of calories is needed in typhoid fev'cr to 
restore nitrogen equilibrium is vitiated by the fact that the 
patients lost weight on a theoretically adequate diet. 

It is thus suggested that the “catabolic response” or 
"to.xic destruction of proteins" is probably the result of 
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lack of provision of adequate calories, protein, or both, 
and not of unusual body mechanisms being brought into 
play; or if such effects are present, that, divorced from 
under-nutrition, they are not highly significant.. 

Antidiiiresis and Renal Vasoconstriction Following Ven- 
ous Congestion of the Limbs in Normal, Hypertensive, 
and Splanchnicectomised Subjects. Robert W. Wilk- 
ins, (by invitation) James W. Culbertson, Belton A. 
Burrows, Clarence M. Tinsley and Walter E. Jud- 
son, and Charles H. Burnett, Boston, Mass. 

When the legs of supine subjects were congested by 
blood pressure cuffs inflated on the thighs at less than di- 
astolic pressure for 10 to 20 minutes, there was usually 
little change in arterial pressure or pulse rate, and little 
effect on renal circulation or function until after the cuffs 
were released. Ten to twenty minutes after the release of 
the congesting cuffs there was a marked antidiuresis (as 
much as 90 per cent), a decrease (25 to 60 per cent) in 
renal plasma flow (PAH) and filtration rate (inulin, 
mannitol), and a reduction of sodium, potassium and chlo- 
ride excretion (as much as 60 per cent). In 10 to 20 min- 
utes the changes in renal circulation and electrolyte excre- 
tion had usually disappeared, but the antidiuresis persisted 
for at least 40 minutes. 

Similar renal functional and circulatory effects followed 
venous congestion of the limbs of hypertensive subjects be- 
fore and after lumbodorsal sympathectomy. 

These results appear significant in connection with the 
various mechanisms of water and salt retention and the 
disturbances of renal circulation in venous congestive my- 
ocardial failure. They indicate that venous congestion of 
the limbs, and possibly of other peripheral areas, may con- 
tribute to the causes of reduced renal plasma flow and ex- 
cretion of water and salt in this condition. Apparently 
tliese renal disturbances may persist for some time after 
the relief of venous congestion. They are not necessarily 
preceded by changes in renal arterial or venous pressure, 
and are not mediated over the splanchnic sympathetic 
nervous system since they are present after splanchnicec- 
tomj'. Possibly they are mediated through humoral 
mechanisms. 

The Application of a Strain Gauge .’[fanomelcr, a .Modified 
Far O.rimcter and Whole Blood Cuvette O.i'imeler to 
the Technic of Cardiac Catheterization. E.vrl H. Wood, 
I'.nWARn Lamukrt and Howard B. Burchell (Intro- 
duced by Charles I'. Code), Rochester, Minn. 

A strain gauge manometer (Statham Model P6-250- 
15D) coupled without amplification to sensitive galvan- 
ometers affords one of the most accurate and simple 
means of recording pressure through a cardiac catheter. 
Uniform sensitivity to sine w.avc variations in pressure of 
from 0 to cycles per second may be obtaine<l through a 
c.irdiac catheter if proper electrical and mechanical d.ainp- 
mg are u^ed. This is superior to the <lynamlc response 
ohtaincsl with a Hamilton manometerf natural fre<iuency : 
120 cycles jicr seconill. The strain gauge manometer is 
esuuu'stval to (it a elsual indic.'itiug g.aHanonu'ier ntili.’- 


ing a red light thus permitting continuous monitoring of 
pressures during roentgenoscopy and (2) an oscillographic 
galvanometer located in an adjacent recording room which 
permits simultaneous and continuous photographic re- 
cordings of the variations in pressure transmitted through 
the catheter. It is recognized, however, that the physical 
characteristics of the catheter and the pressures generated 
within its lumen by the acceleration and deceleration of 
the fluid column associated with the movements of the 
catheter imparted by the heart beat obviate the possibility 
of obtaining uniformly reliable tracings of intracardiac 
pressure with manometers attached to the external end 
of the catheter. 

Variations in arterial saturation are recorded continu- 
ously on the oscillograph and monitored simultaneously 
from a visual reading scale by means of a modified ear 
oximeter. 

The oxygen saturations of samples of blood withdrawn 
from the catheter are recorded and monitored similarly 
with a whole blood cuvette oximeter. The electrocardio- 
gram and respiration are recorded simultaneously. 

Immediate correlation of o.xj'gen saturation of samples 
of blood withdrawn from the catheter with associated ob- 
servations of pressure, arterial saturation, and location of 
the tip of the catheter (roentgenoscopy) greatly expedites 
the procedure. The probable diagnosis was apparent prior 
to withdrawal of the catheter in the majority of eases in 
which analysis of all data ultimately proved sufficient for 
such a decision to be made. 

The Chemoprophyla.ris of Scrub Typhus in Volunteers. 

T. E. Woodward and H. L. Lev Jr. (by invitation), 

and J. E. Smadel, Washington, D. C. 

Two field trials were conducted in Malaya in which 75 
volunteers were e.xposed in hypercndcmic areas of scrub 
typhus. Thirty-four of these individuals received Chloro- 
mycetin prophylactically for a total period of three weeks 
during and following e.xposurc. They did not show clin- 
ical evidence of scrub tj'phus throughout the period of 
prophylaxis or the ensuing week. However, scrub tyi)hus 
developed in 15 volunteers in the propliylactic groups of 
the two trials 5 to 14 days after drug was discontinued. 
Although the attack rate among the volunteers in tlie two 
field trials varied markedly, there was no essential differ- 
ence in the ultimate infection rates among the controls and 
those given prophylaxis in each test. 

Scrub typhus, when it developed among volunteers in 
the prophylactic group, was not significantly different 
from the disease in the controls except for the absence of 
eschar formation. 

Relai)scs were prominent features of the di-ea-e in th.e 
volunteers of both prophylactic and control itotiI's. These 

had not Ikcu observed previ<nisly in untreated 

scrub tyjihus or in naturally occurring c.'oev v. Inch v. en 
treaterl with Chloromycetin, l-'ifty-fonr i^r cui! of th- .'7 
persons in the two trials wl;., contr.icted scrith Ijp'.n- 
fererl one or more relap'es. \'.-!rion- f.'icp.rs pr. .... 
tributed to this iih.enonien.. .n. 

I’rolongcfl administratn ,,f rid<.r. -njci;!:; .a ;r. 
lactic tne.'onre aed i;. n-e in the tri,.".. 5 ,; p 
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attacks of scrub typhus as well as the relapses indicated 
that the drug is of low toxicity for man, and that drug- 
fast strains of R. tsiitsugamushi are not readily produced. 

Experimental Production of Hemolytic Disease in Nezv- 

bor/t Dogs. Lawrence E. Young and (by invitation) 

Donald M. Ervin, Richard M. Christian and R. 

Wendell Davis, Rochester, N. Y. 

Isohemagglutinins of 4 different specificities have been 
demonstrated in sera of dogs following transfusions of 
dog erythrocytes containing antigenic factors lacking in 
their own cells. Since the behavior of one of these anti- 
bodies is in some respects similar to that of Rh antibodies, 
dog antisera having this specificity have been tentatively 
designated “anti-Do," and dog cells have been classified 
as “Do-positive” or “Do-negative” depending upon their 
reaction with such sera. 

Hemolytic disease has been produced in Do-poskivc 
puppies born to a Do-negative dam immunized by trans- 
fusions of Do-positive cells before mating with a Do- 
positive sire. 

In the first litter investigated, erytlirocytes of 4 affected 
Do-positive whelps were agglutinated by high dilutions 
of anti-dog-scrum rabbit serum and were also agglutinated 
when suspended in undiluted normal dog serum, presum- 
ably because the cells were coated with Do-antibody. 
Plasma from 4 unaffected Do-negative whelps in the same 
litter agglutinated the sire’s cells, but iso-antibodies were 
not detectable in the plasma of the affected Do-positive 
puppies. The dam's breast milk agglutinated the sire’s 
erythrocytes but absorption of iso-antibody from milk by 
the puppies could not be demonstrated. 

The degree of anemia and icterus varied markedly 
among the affected whelps of the same litter. Erythro- 
cytes of all of the Do-positive puppies, however, showed 
increased osmotic fragility, and reticulocytes and nucleated 
red cell.s were more numerous in venous blood of the af- 
fected puppies. Autopsy of a severely anemic whelp and 
of a norma! litter mate revealed more marked crytliro- 
poicsis in liver, spleen and marrow of the affected animal. 

Observations thus far completed suggest that studies 
on hemolytic disease in newborn dogs may aid in clarify- 
ing certain aspects of the comparable human disorder, and 
that controlled investigations on large litters sired by 
heterozygous males may he especially productive. 


Intrathoracic Pressure Change as an Aid in the Anatomic 
Localiaation of Murmurs and Other Sounds of Cardio- 
vascular Origin. Harry F. Zinsser, Jr. (by invitation) 
and Calvin F. Kay, Philadelphia, Pa. 

Certain commonly used diagnostic techniques are based 
on the relationship of murmur intensity to rapidity and 
volume of blood flow. By exercise, amyl nitrite and other 
means, circulatory velocity is increased to accentuate mur- 
murs. If blood flow could be altered differentially in the 
lesser and greater circulations, the time of murmur accen- 
tuation should provide a clue to its anatomic origin. Such 
changes in circulatory dynamics occur in the relaxation 
period immediately following voluntary straining. 

During straining, venous blood return is decreased. 
The right heart output falls, the pulmonary reservoir is 
depleted, and systemic output falls. When intrapulmonic 
pressure returns to atmospheric level, venous blood rushes 
first into the right heart, causing vigorous pulmonary art- 
ery pulsations and restoring the lesser circulation. Left 
heart output and aortic pulsations become ma.ximal only 
after the pulmonary blood reservoir is restored. 

It was predicted, therefore, that murmurs should be- 
come faint during straining and gain intensity after re- 
laxation. Murmurs of right heart or pulmonic origin 
should become intense immediately in the post-straining 
period, while return of left sided or peripheral murmurs 
should be delayed. 

Studies were undertaken with combined phonocardio- 
graphic, electrokymographic, and electrocardiographic 
techniques upon subjects with murmurs of either known or 
unknown origin. Variations in intrathoracic pressure pro- 
duced by straining against a mercury manometer were re- 
corded with strain-gauge attachment. 

Recordings bear out the predicted results. Murmurs 
were loudest either early, associated with maximal electro- 
kymographic pulmonary artery pulsations; or late, coin- 
ciding with maximal aortic pulsations. Certain patients 
fail to produce effective straining. Where straining was 
effective, the method successfully differentiates known 
right sided from left sided murmurs. In patients with 
murmurs of unproven type, equally decisive results seem 
significant by deduction. Alterations of other cardiac 
sounds also occur, similarly suggesting the site of pro- 
duction. 


THE ELIMINATION OF PENICILLIN G IN BILATERALLY 
NEPHRECTOMIZED DOGS"-- 

By william H. ANDERSON « and ROLF BRODERSEN 

{From the Department of Medicine, University of Chicago) 


Rammelkamp and Keefer (1) found that only 
about 60 per cent of intravenously administered 
penicillin could be recovered from the urine of 
man. This finding has been confirmed by later 
reports, although the recovered amounts vary 
from 40 to 99 per cent (2). 

This paper deals with the mechanism of the 
elimination of penicillin in bilaterally nephrecto- 
mized dogs. 

Diffusion of Penicillin from Blood to Tissues 

A dog, in which the elimination of penicillin ® 
had been blocked by bilateral nephrectomy and 
ligation of the cystic and common bile ducts, was 
given an intravenous injection of 25,000 units/kg. 
of crystalline penicillin G. Blood samples were 
taken from another vein at intervals fcom two 
minutes to 10 hours after the injection. The serum 
concentrations of penicillin were determined using 
a serial dilution technique. 

In Figure 1, the serum penicillin concentrations 
have been plotted on a logarithmic scale as a func- 
tion of time after the injection. The penicillin 
concentration decreases rapidly during the first 
hour but thereafter very slowly. For the time 
being we shall consider onl)' the first portion of 
the curve. We may assume that this initial de- 
crease was due to diffusion of penicillin from the 
blood stream into the tissues. 

' Presented at the Second National Syinposiuni on 
Recent Advances in Antibiotics Research held in Wash- 
iiiKton, D. C.. April 11-12, 1919, under the auspices of the 
.‘\ntibiDtics Study Section, National Institutes of Health, 
Public Health Service, Federal Security .Agency. 

-This investigation was suiiportcd (in part) by a rc- 
sc.irch grant from the .Antibiotics Study Section of the 
Division of Research Grants and Fcllow.ships of the 
National Institutes of Health, U. S. Public Health Service 
and (in part) by the A. B. Kuiipenheimcr Foundation and 
the Douglas Smith Foundation of the L*nivcrsitv of 
Cliicago, 

* Research Fellow, U. S. Public Health Service. 

Douglas Smith I'oundation I'ellow in ^^e<Iicine. 

T he crystalline penicillin was supplied by .AW>ott 
Laboratories. Oimmcrcial Solvents Corj)oratioii. Lederlc 
Lalhiratories. and Sclienley Laboratories. Inc. 


One can imagine this process as taking place through 
a thin membrane from one phase to another. At the 
time f = 0, all penicillin is in the one phase having the 
concentration Co. If the concentration in this phase is Ct 
at the time t and Ca when equilibrium is established we 
have : 

In {ci — cj) = In (co — Cco) — Kl — — — , (/) 

Cq Cos 

where In denotes the natural logarithm and K is the 
velocity constant. 

From the data in Figure 1, K is found to be 5 l/hours. 
The curve in the figure is drawn according to equation 
(I), this value being used for K and allowance being 
made for the inactivation in the later part of the experi- 
ment. Agreement is found between the calculated curve 
and the e.xperimental points. The value, S l/hours, for 
K was confirmed in another e.vperiment of similar nature 
as the one depicted in Figure 1. 

If there were no further elimination of penicillin 
from the blood, the concentration would decrease 
to a constant value which would be reached when 
diffusion equilibrium was estalilished. This con- 
centration may be found b}' drawing tiie straight 
line representing the inactivation back to inter- 
section with tlie axis of tlie ordinate which, in 
this case, was 143 units/ml. of serum. 


Thi Dilluiionof Ptnicillin from Blood to Tiiioti 



Fig. 1. Tiir. finu M Pkmvii.i.ix (Ao.c i ••rr .>.c 
.V Fv.vctuin of Tin; Timf .Aiti:!: Sim.'i. D.t'. poi-.- 

I.V.n.CTIOK 


Thf in.Tcliv.Ttiou 1 ;.t- bivri p.'irtkdly M. ..-'.u-l by bdr.pr;;! 
Ufphrccto.Tn .lud IL’.-,!;. :i ,ii t!:v cy.'j'.- c. ;rrr ' •: l ib 
ducts. 
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The equilibrium concentration was determined 
in a number of experiments and collected in 
Table I. In the last column of this table are the 
ratios between c (serum concentration of penicil- 
lin at equilibrium) and the dose of penicillin per 
gram of dog. In 16 experiments this ratio was 
found to be larger than unity ; that is, the penicil- 
lin did not distribute equally throughout the tis- 
sues of the dog ; but was present in a higher con- 
centration in the plasma than in the remainder of 
the dog. The average ratio was about four times 
as great, when diffusion equilibrium was estab- 
lished. The reason for this is not clear. 

TABLE I 

The serum concentration {c<^) of penicillin after diffusion 
equilibrium has been established with the tissues 
Values are corrected for any elimination or inactivation 


of penicillin taking place. 

Dose vmits/kg. Coo 

unita/ml. 

Coo units/ml. 
dose units/eram of dog 

85,000 

400 

4.7 

80,000 

250 

3.1 

30,000 

130 

4.3 

25,000 

90 

3.6 

25,000 

70 

2.8 

25,000 

80 

3.2 

25,000 

100 

4.0 

25,000 

85 

3.4 

25,000 

100 

4.0 

25,000 

no 

4.4 

25,000 

80 

3.2 

25,000 

100 

4.0 

25,000 

140 

5.6 

14,000 

60 

4.3 

14,000 

60 

4.3 

7,000 

20 

2.9 

Average 


.3.9 

Maximum 


5.6 

Minimum 


2.8 


I'rom Table I \vc obtain the fornnila: 

i)cnicillin concentration = 4 
X amount of penicillin per gram body weight. (2) 

— jirovided that ditTusion etjuilibrium is present. This 
equatioii shows the relationship between the amount of 
penicillin present in the body and the serum concentra- 
tion. This could be used to estimate the former when the 
latter is known. The formula has been established for 
the l)k>od concentrations between 20 and 400 units/ml. 
an<l may not be valid for smaller concentrations. 

77;t’ Renal and Iixtra-Renal ETuninatiun 

RIoik! scrum coiiccutratious f>f penicillin were 
determined at iittervals after a single intravenous 
injection in a number of normal dogs. If allow- 
ance is made for the ditTusion etiuilibrium to he 
cstablislied. it was found that the logarithm of the 


concentration decreased as a linear function of 
time (first order reaction). This relationship was 
found to be valid from the initial concentration of 
about 100 units/ml. to 1 unit/ml. A curve dem- 
onstrating this relationship is shown in Figure 2. 

Bilateral nephrectomy was performed in three 
dogs which Avere then given a single intravenous 
injection of penicillin. The relationship between 
serum concentration and time showed that these 
dogs were still able to eliminate penicillin from 
the blood stream, although, as was to be expected, 
at a considerably lower rate (Figure 2). Here 
also, the inactivation took place as a reaction of 
the first order. The rate of elimination was, as 
an average, found to be one-fourth as rapid in 
the nephrectomized as in the normal dogs. This 
means that approximately three-fourths of the 
penicillin was eliminated through the kidneys and 
one-fourth somewhere else. From the variable 
velocities obtained in normal and nephrectomized 
dogs, a considerable variation is to be expected in 
the fraction of penicillin inactivated extra- renally. 

The Site of the Extra-Renal Eliniination 

The rate of elemination was not significantly 
changed by the removal of the intestine from the 


The Rote of Eliminotion of Penicillin offer Vorious Surgicol Procedures 



Fig. 2. .-Xi.!. Docs Were Given 25,000 Units of Peni- 
cillin PER Kilogra.m in a Single Intravenous Injec- 
tion 
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ligament of Treitz to. within an inch of the anus, 
nor by the removal of the stomach and ligation of 
the common bile duct. This showed that, in these 
dogs, the intestinal tract was not the primary site 
of the extra-renal elimination, as suggested by the 
findings of Reid (3). 

The serum penicillin concentration remained 
constant, within the limits of experimental error, 
following complete evisceration; thus the site of 
the elimination was somendiere in the viscera. 

A two stage hepatectomy and bilateral nephrec- 
tomy were performed in a dog. Here too, no 
inactivation could he shown after the equilibration 
of penicillin between the blood stream and the tis- 
sues. In another dog, both kidneys and all the 
viscera except the liver were removed. The he- 
patic artery was left intact by dissecting away the 
hepatico-duodenal ligament. The portal vein and 
the common bile duct were ligated and the gall 
bladder left in connection with the biliary sys- 
tem. This dog eliminated penicillin at a rate very 
similar to the dogs in which only bilateral ne- 
phrectomy was done. It could be concluded that 
the liver was responsible for the extra-renal elimi- 
nation of penicillin in these dogs. 

Tlie velocity constants were found from tlie obtained 
curves by the formula : 

A' = - P) 

The results, in reciprocal hours, arc found in Table II. 
1 lie velocity constant indicates the relative decrease in 
penicillin concentration, or total amount of penicillin, 
per hour. 

The ]\lccliamsiti oj the Hepatic Elimination oj 
Penicillin 

In two dogs the kidneys were removed, the 
cystic and common bile *lucts were ligated twice 
and cut. Similar curves were found in Itoth dogs ; 
one curve is shown in Figure 3. It was notcfi that 
a certain elimination of penicillin seemed to occur 
during the first 10 lionrs; however, the rate of 
elimination decreased after this to a verv low 
value. I bus. penicillin was still present in ap- 
preciable amounts /O Iionrs after the intravenous 
injection. 1 he final rate of elimination here was 
only 4 per cent of the nonnal rate. This finding 
seemed to indicate that the penicillin was excreted 
in the bile ratlier than dcitnwoi Uy the liver; if 


TABLE II 

The velocity constant indicating the relative decrease in 
penicillin concentration in the serum after 
various surgical procedures 

Procedure K I/lirs. Av erage 

1.85 

1.90 

2.40 

Normal dogs 1.90 1.70 

1.25 

1.15 

1.45 

0.46 

Nephrectomized 0.38 0.41 

0.40 

Nephrectomized and the intestine re- 0.33 
moved from the ligament of Treitz to 0.35 0.34 

within an inch of the anus 

Nephrectomized, bile duct ligated and 0.40 
complete gastrectomy 

Eviscerated, except for the liver 0.53 

Complete evisceration 0.0 

Hepatectomy, nephrectom\’ 0.0 

Cystic and bile ducts ligated: nephrec- 0.07 
tomized 

Bile duct cannulated — excreted in bile 0.31 

0.25 

Inactivation in bileat — logcH-f 8.5, 

40° C. 0.10 


Tie Slew Oiminoliw ehtr Biloleiol HephmIoTTiy cnl liBoliert cl Cplit oftl Cemmon Eile DvtU 



Fir.. 3, Tnr F.i.u.n.N.MKc; iJriiNo rin Fu-^t 
Holts Br. Dt r. -o F\<TiT;n\ r.r I’l ■;!< u 

CoNT.\i:;iNi. Bin into tiii; Bni.'.iv T" t/.'» 

Point or Distt.stion 

Ti'.c >.1ov.cr ir.rii'tivrih'T) I'ln .ucr' c:: - 7 '> or' . ; - 

rNpirinui:; can !-.• cxt'Vi;-;.-; d- ;rn;o .. , 

ci'.lin due to the < : t;-,- I ';!-- 
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THE INACTIVATION BY BILE IN VITRO 



Fig. 4. The Lines Snow the Inactivation, at the 
Given tH Values as Calculated from the Data of 
Brodeusen (4), IN Good Agreement with the Ex- 
PERIJIENTAL PoINTS 

The two samples of bile were obtained from the gall 
bladder (pH 6.00) and from a common duct fistula 
(pH 8.29). 

The pH values were determined electrometrically by 
comparison with 0.01 m. HCl + 0.5 m. NaCl (pH 2.00). 
The hydrogen ion concentrations were found to be in- 
dependent of temperature in the range of 20 to 40° C. 

so, the initial drop in serum concentration might 
be clue to excretion of bile into the biliary system 
to the point of distention. However, it appeared 
still possible that destruction may have taken place 
in the liver, but that liver function was impaired 
by the biliary obstruction. 

In another nephrectomized dog, the common 
bile duct was cannulated and the secreted bile col- 
lected hourly after an intravenous injection of 
penicillin. Very high concentrations of penicillin 
were found in the bile samples. The total amount 
recovered in the bile was 80 jier cent of the in- 
jected penicillin. It could be concluded that, at 
least in this dog. the main part of the extra-renal 
elimination took place as excretion in the bile. 

I uadivation by Bile hi Vitro 

A sample of dog’s bile (pH 8.29), obtained 
from a fistula, was mixed with penicillin and in- 
culiated at 37° C. A rather slow inactivation was 
found to take jilace. Another sample drawn from 
the gall bladder (pH 6.00) diil not inactivate 
penicillin at a demonstrable rate. This suggested 
that the inactivation was due to the alkalinity of 
the fistula bile. The rate of inactivation to be ex- 
j'-.-cteit in thi> ca-e wa> calculated (4) and found 
ti' be con>i.'tent with the e.xperiniental values 


(Figure 4). The rate of inactivation in the bile 
can thus be calculated at known values of tem- 
perature and hydrogen ion concentration on the 
basis of the known destruction rate by alkali. 

At the highest pH values found in the bile 
(8.65), tlie rate of inactivation found in the dogs 
with ligated bile ducts (Figure 3) could readily 
be accounted for as taking place in the bile stand- 
ing in the intra-hepatic ducts. 

The Relationship of Penicillin Concentrations in 
Serum and Bile 

In Figure 5 are plotted the concentrations of 
penicillin in cannulated bile and in blood serum 
taken simultaneously from a nephrectomized dog. 
There was a constant ratio between the two con- 
centrations, the bile containing 130 times as much 
penicillin per ml. as the serum at serum concen- 
trations ranging from 100 to 5 units/ml. This 
ratio was found to var}' considerably. In seven 
experiments carried out in two dogs, values rang- 
ing from 10 to 330 were obtained. From the 
figures in Table III it is seen that the high ratios 
generally were found at high pH values in the 
bile and the low ratios at the low pH values. 


Bile and Serum Penicillin Concentration after an Intravenous 
Injection of Penicillin in a Nephrectomized Dog 



Fig. S. The Bile Is See.v to Contain About 130 
Times as Much Penicillin per Milliliter as the 
Seeu.m, I.ndependent of the Seru.m Concentration 
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TABLE in 


The correlation between bile pH and the bile penicillin- 
serum penicillin ratio 

Penicillin concentration of bile 


pH of bile 

Penicillin concen 

8.65 

330 

8.50 

130 

8.48 

270 

8.29 

10 

8.20 

16 

8.04 

11 

7.93 

11 


Storage of Penicillin in the Gall Bladder 

In a normal dog, a cannula was placed in the 
gall bladder and the common bile duct ligated in 
order to close tbe outlet from the gall bladder. 
The bile was drawn from the gall bladder, mixed 
with 100,000 units of penicillin and reinjected. 
Every hour the volume of bile in the gall bladder 
was determined and a small sample taken out for 
penicillin assay. The total amount of penicillin 
found in the gall bladder is shown in Figure 6. 
The pH values were determined at the same time 
and from these the spontaneous inactivation cal- 
culated as shown by the curve. The difference 
between this cun-e and the points demonstrates 


RESORPTION AND INACTIVATION OF PENICILLIN IN THE GALL BLADDER 



Fig. 6. The Curve I.n-dicates the C.\lculated 

IXACTIV.VnON 

The experimental points are seen to deviate relatively 
little from this cuivc, indicating; that only a slow resorp- 
tion of penicillin lakes place from the gall bladder. 


the resorption from the gall bladder. Within the 
four hours of the experiment the resorbed amount 
is seen to be rather small. That a certain resorp- 
tion does take place was shown by the fact that 
penicillin was present in the urine of the dog. 

SUMMARY AND CONCLUSIONS 

Bilaterally nephrectomized dogs were found 
to eliminate penicillin at a considerable rate from 
their blood stream after an intravenous injection. 
This process took place even if the intestines were 
removed, whereas no inactivation could be dem- 
onstrated after complete evisceration or hepatec- 
tomy. A major part of the penicillin was found 
to be excreted in the bile. A certain inactivation 
took place in the bile, especially when it was 
strongly alkaline. The remaining portion went 
either to the gall bladder, where onl}" a slow re- 
sorption took place, or to the intestine, where it 
was partially resorbed and partially inactivated. 

Caution must be exercised in drawing gener- 
alized conclusions from these results. Since the 
nephrectomized dogs do not eat, it seems possible 
that normal dogs might inactivate certain amounts 
of penicillin in their intestine because of a greater 
excretion of digestive juices. 
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STUDIES ON HYPERSENSITIVITY TO PENICILLIN. 1. INCIDENCE 
OF REACTIONS IN 1303 PATIENTS - 

By mark H. LEPPER, HARRY F. DOWLING, JAY A. ROBINSON, THOMAS E. 
STONE, ROBERT L. BRICKHOUSE, ESTON R. CALDWELL, JR., 

AND RICHARD L. WHELTON 

(From the George Washington University Medical Division, Gallingcr Municipal Hospital, and 
the Department of Medicine, George Washington University, Washington, D. C.) 


Although penicillin is a relatively safe drug, 
many reactions, including three deaths (1-3), 
have been reported following its administration. 
Most of these reactions appear to be allergic in 
origin, even though the nature of the antigen has 
usually not been determined. During the years 
that penicillin was being purified many reactions 
were considered to be caused by impurities, par- 
ticularly when the reaction was specific for a 
particular lot. When slowly absorbable prepara- 
tions became available it seemed important to 
determine whether administration in this form in- 
creased the incidence of reactions. We have un- 
dertaken a study to determine the reaction rate 
to crystalline penicillin in aqueous solutions and to 
slowly absorbable forms as seen in ordinary hos- 
pital practice as well as factors influencing the 
incidence of such reactions and the nature of the 
antigen involved. In the present paper we are 
reporting the incidence of reactions which we 
have found and some of the factors believed to be 
important in determining the reaction rate. Stud- 
ies on skin tests with penicillin oil and beeswax 
will be reported elsewhere (4). 

METHOD 

Tlic nictliod of this study was to observe daily all 
I>atients being treated with a preparation containing peni- 
cillin. Before treatment was initiated the patients were 
t]uestioned regarding previous courses of penicillin and 
previous allergic reactions. physical examination was 
then performed and the type of preparation, the dose, and 
the lot number of the penicillin employed were recorded. 
.\t least once a day each patient was examined and ques- 
tioned closely regarding signs and symptoms of allergic 
reactions and of reactions at the site of injection. At 


* I’re<ente<l at the Second National Symposium on 
Recent .AdvanccN in Antibiotics Research held in Wash- 
ington, I). C.. .\pril 11-12. 1949, under the auspices of the 
.\ntibiotic' Study Section. National Institutes of Health, 
Pu'ilic Health Service, I'etieral Secisrity .Agency. 

■-.Ailed by a Grant from the .Antibiotics Study Section, 
Nati i;u! lu'titutes of Health. 


the start of the study it was anticipated that most of the 
patients would be given a second course of penicillin after 
an interval of several days in order to bring out latent 
sensitivities. It soon became apparent that this procedure 
produced very few allergic reactions so that the method 
was abandoned. As a result, in order to demonstrate 
statistically significant differences between the various 
preparations of penicillin we were forced to rely mainly 
on the observation of a large number of patients receiving 
each preparation. 

The diagnosis of allergic reactions, where no confirma- 
tory data were available (such as a positive reaction to 
a skin test or to a second course), was made on clinical 
grounds by the appearance of the reaction when penicillin 
was being administered and its disappearance shortly 
after the antibiotic was discontinued and by the fact that 
no other allergen could be indicted. Patients who de- 
veloped reactions typical of serum sickness shortly after 
penicillin administration were considered penicillin re- 
actors if no other reasons were found for such a reaction. 

RESULTS 

A total of 1303 patients who were under treat- 
ment for various infections were followed in this 
manner. As shown in Table I. 598 received 
aqueous crystalline penicillin, 557 were given 
crystalline penicillin in oil and beeswax, and 148 
received procaine penicillin in oil. The incidence 
of allergic reactions in these groups was 1.2, 2.7, 
and 1.4 per cent respectively. The rates were 
significantly higher for the oil and wax group 
than for the aqueous group. There were not 
enough patients who received procaine penicillin 
to make the difference between this and the other 
groups statistically significant. An analysis of 
the effect of the size of the dose used on the inci- 
dence of reactions revealed that in the oil and bees- 
wax and in the procaine penicillin groups, w'here 
maximum dose employed was only four times the 
minimum dose, no difference in the reaction rate 
with moderate and low doses was found. In the 
aqueous penicillin group, however, many of the 
doses used were ten or more times the usual doses 
employed. Thus, if the patients receiving 500,000 
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TABLE I 


Incidence of allergic reaclions following administration of various penicillin preparations 


Preparation 

Dose 

Duration 

AH cases 

0-5 days 

6-10 days 

Over 10 days 

No. of 
patients 

No. re- 
actions 

No, of 
patients 

No. re- 
actions 

No. of 
patients 

No. re- 
actions 

No. of 
patients 

No. re- 
actions 

Crystalline penicillin in 
oil and beeswax 

Low, 300,000 U daily 

153 

3 

77 

4 

40 

2 

270 

9 (1) 

! Moderate, over 300,000 

U daily thru 600,000 U 
B.I.D. 

145 

3 

94 

1 

48 

2 

287 

6 (2) 

1 

Crystalline penicillin in 
aqueous solution 

Low, 50,000 U q3h or 
less 

j 

176 

0 

184 

2 

123 

1 

483 

3(3) 

Moderate, over 50,000 U 
q3h to 500,000 U q2h 

21 

0 

24 

0 

19 

0 

64 

0 (4) 

High, over 500,000 U q2h 

27 

0 

6 

2 

18 

2 

1 

51 

4(5) 

Procaine penicillin 
in oil 

Low, 300,000 U daily \ 

59 

2 

9 

0 

9 

0 

77 

2 

Moderate, over 300,000 
U daily to 600,000 U 
B.I.D. 

39 

0 

22 

0 

10 

0 

71 

0 

Total 


620 

s 

416 

9 

267 

7 

1303 

24 


All of the following are significant by the Chi Square Test. l-f-2>3 + 4 + 5 

3 + 4 < 5 
1 > 3 + 4 


units or more every two hours are compared to 
those receiving less than this amount, reaction 
occurred in four among 51 patients (7.8 per cent) 
and in three among 547 patients (0.6 per cent) 
respectively. This difference is statistically sig- 

TABLE n 


Comparison of incidence of allergic reactions to crystalline 
penicillin and sulfamerazine at different doses 


Preparation 

Dose 

Patients 

■ Reactions 

Cry.stalline 

penicillin 

Less than 500,000 
U every 2 hours 

547 

Paiienis 

3 

% 

0.6 

Do 

500,000 U. or more 
cver\- 2 hours 

51 

|M 

7.8 

Sulfamerazine 

Initial do.se 6 gm., 
then 1 gm.everj- 
4 hours 

35 

2 

5.9 

Do 

Initial dose 2 mg., 
then 0.5 gm. 
evcr>- 4 hours 

87 

3 

3.4 

Do 

Initial dose I pm., 

1 then 0.5 gm. 

1 evorv S hours 

1 .'8 ! 1 1 1.7 

! 1 


nificant when tested by the chi square test. Table 
II compares these rates with similar figures 
obtained b}^ us for one of the sulfonamides (sul- 
famerazine). There is a trend in our figures 
which indicates that the incidence of reactions in- 
creased as the duration of therapy was prolonged 
although there are too few reactions to be cer- 
tain of this point. 

Two factors found to be of significance in the 

TABLE ni 


Relationship of history of previous allergy 
to reactions to penicillin 


Group j 

History of 
aJlrrsTy 


Non-reactors in controlled 



pronp 

Reactors to penicillin in con- i 

177 1 

i 

848 

trolled group 

Reactor.' in controlled group 

! i 

! 1.1* 

1 

Itclicved to be allergic to 
vehicle used 

: ’ i 

1 3 

■MI reactors to penicillin 
.Ml reactors iK’lievcd to Ik- 

18 i 

22 

allergic to vehicle u‘<.-d 

! 

* 


* 7,'1S4 K •-l^mficnntly kw.iut t5;.in l.t. .‘Ol ?>;. Chr T>- '.. 
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TABLE IV 


Relationship of previous penicillin administration 
to reactions to penicillin 


Group 

History of receiving 

1 previous penicillin 

! . ^ ____ _______ 

Yes 

No 

Non-reactors in controlled 
group 

21 

376 

Reactors to penicillin in con- 
trolled group 

8* 

12* 

Reactors in controlled group j 
believed to be allergic to 
vehicle used 

i 

2 

2 

All reactors to penicillin 

18 i 

22 

All reactors believed to be 
allergic to vehicle used 

3 

2 


* 8/29 is significantly greater than 12/388 by Chi^ Test. 


incidence of reactions to penicillin are a previous 
allergic history and the previous administration of 
penicillin. Tables III and IV illustrate these 
data. Reactions believed to be caused by penicil- 
lin itself and by the vehicles used (as determined 


by second courses and/or skin tests) are listed 
separately. Tlie patients in this, the controlled 
series, who showed reactions to penicillin are listed 
alone and are also included in the total group of 
reactors to penicillin. This total includes, in ad- 
dition, the penicillin reactors whom we observed 
from all other available sources. In the controlled 
group there is a significantly greater reaction rate 
among individuals with such a history, and such 
a history was obtained in 35 per cent of the penicil- 
lin reactors. Since some of the patients outside 
of the controlled series who were available to us 
for study following a penicillin reaction were ob- 
tained from a private practice in allergy, the over- 
all group is weighted in favor of persons with 
a history of some previous manifestation of 
allergy. 

The high incidence of reactors who had re- 
ceived previous penicillin is of interest (Table IV). 
In both the controlled series and the total group 
tiiere was a large percentage of patients who had 


TABLE V 


Local reactions to various penicillin preparations 




Duration of treatment 

All cases 

Preparation 

Dose 

0-S days 

( 

1-10 days 


Over ]0 days 

No. of 
patients 

Reactions 



No. of 
patients 

Mild 

Mod. 

Se- 

vere 

No. of 
patients 

j 

Mild 

Mod. 

Se- 

vere 

No. of 
patients 

Mild 

Mod. 

Se- 

vere 

Mild 

Mod. 

Sev. 

Crystalline 
penicillin in | 
oil and bces- 
tva.v 1 


118 

11 

4 

1 

2 

51 j 

i 

8 

5 

2 

16 

5 

3 

3 

185 

24 

12 

7 

Moderate, over 
300,000 U daily 
thru 600,000 U 
B.I.D. 

85 

25 

1 

3 ; 

28 

10 

6 i 

2 

19 1 

1 

4 

4 

132 

46 

16 

9 

Crystalline 
penicillin in 
aqueous 
.'solution 

Low, 50,000 U 
q3h or less 

U1 

10 

1 

0 

140 

7 

0 

1 

0 

116 

j 

13 

1 

2 

1 

! 

397 j 

30 , 

3 

1 

Moderate, more 
than 50,000 U 
q3h to 50,000 1' 
q2h 

i 

1 

16 

0 

1 

0 

12 

2 

0 

0 

2 

0 

0 

0 

30 

i 

2 

j 

1 

1 

0 


High, 500,000 r 
q2h and over 

17 

H 

■ 

0 

3 

1 

1 

I 0 

10 

4 

0 

1 

30 

11 

4 

I 

PrcKaine 
pc-nicillin in 
oil 

Low, 300,000 V 
daily 

28 

1 

0 

0 

9 

I 

1 0 

1 


9 

0 

0 

0 

46 

5 

0 

0 


Moderate, more 
than 300,000 L' 
(iailv thru 

' fioo.boor- 

i B.I.D. 

1 

I 

i 

i M> 

1 

1 

j 

1 

j 

S 

: 

i 0 

0 

20 

3 

1 

0 

0 

10 

1 

0 

0 

66 

12 

0 

0 

T.n.i! 


i 441 

j 64 

i '■' 

5 

t 

263 

32 

12 

4 

182 

34 

9 

9 

886 

1.10 

36 

18 
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previously received penicillin (40 and 45 per 
cent, respectively). In the controlled group the 
reaction rate among patients who had previously 
received penicillin was significantly higher than 
the rate among those to whom the penicillin was 
given for the first time (28 per cent versus 3 per 
cent). 

Reactions in the controlled group were some- 
what more frequent in males (12 reactions among 
683 males) than in females (eight out of 600). 
The incidence of reactions in the white patients 
(eight in 389 patients) was greater than that for 
the Negroes (12 in 894 patients), but this is not 
statistically significant. 

We had little success in demonstrating latent 
allergy by giving second courses routinely. 
Among 122 patients who received second courses 
of aqueous crystalline penicillin only one had a 
reaction, while 111 patients received a second 
course of crystalline penicillin in wax and oil and 
28 a second course of procaine penicillin without 
exhibiting a reaction. Almost all of the intervals 
allowed between the first and second courses were 
under ten days, and the majority were three, four, 
or five days. The one reaction occurred on the 
third day of the second course, ten days following 
the first course. 

Eight hundred and eighty-six patients were 
studied b}' dail)' observation for the occurrence of 
local irritative reactions, whicli were graded as 
mild, moderate and severe depending upon the 
degree of pain, tenderness, induration, edema, and 
redness present. It was found (Table V) that 
pencillin in oil and wax caused significantly more 
irritative reactions tlian aqueous crystalline peni- 
cillin (36 per cent compared with 12 per cent). 
Procaine penicillin in oil although it caused more 
mild local reactions than aqueous penicillin pro- 
duced no moderate or severe reactions at all, and 
therefore in the doses used appeared to be the 
least irritating of the three jireparations. In the 
case of penicillin in oil and wa.x and aqueous peni- 
cillin, the do.se and duration of treatment appeared 
to he directly related to the incidence and severity 
of the local reactions. 

DISCUSSION 

1 he incidence of ])enicillin reactions h.as been 
rednce<i by the n>e of crystalline penicillin, 
Keefer and his colleagues (5 ) using crude penicil- 


lin reported 69 reactions among 500 patients al- 
though it is uncertain how man}'- of these were al- 
lergic in nature. Lyons (6) reported urticaria 
in 5.7 per cent of 209 patients receiving crude 
penicillin. Duemling (7) reported a 10 per cent 
reaction rate including Herxheimer reactions in 
17,879 patients treated for 65 different conditions. 
The patients were treated over the }'ears during 
which penicillin was being purified and thus peni- 
cillin of varying degrees of purit}'^ was used in 
these patients. Thomas and co-workers (8) re- 
ported 2.5 per cent of 10,000 s)^philitics developed 
urticaria folloM'ing therapy. Peck and co-workers 
(9) observed 32 reactions among 130 patients 
who received crystalline penicillin. The overall 
incidence of reactions in our series of 1 .2 per cent 
for aqueous crystalline penicillin patients, 2.7 per 
cent for crystalline penicillin in oil and beeswax 
and 1.4 per cent for procaine penicillin in oil are 
compatible with most of these figures. Since some 
of our patients were discharged a few days after 
penicillin was discontinued and since we know 
that certain delayed penicillin reactions may occur 
after a longer interval than this even when the 
aqueous preparation is used, the reported rates 
may be somewhat low. 

It is of interest that there are significantly more 
reactions when the penicillin is administered in oil 
and beeswax. Even though three of these reac- 
tions may have been caused by the vehicle (10), 
this does not account for all of the difference. The 
dose used is evidently not the key to the situa- 
tion since the penicillin in oil and wax doses did 
not exceed the moderate range and when the re- 
actions in this group are compared with those oc- 
curring in the aqueous penicillin patients who 
received comparable doses, the greater tendency 
of the oil and wax preparations to cause reactions 
is even more pronounced. Moreover, moderate 
doses of penicillin in oil and wax gave no higher 
reaction rates than the low dosc.s (300,000 units 
per day). Two factors which may be of impor- 
tance are that the penicillin is held in contact with 
the tissues in one site over a {)rolongcd pericKl of 
time, and in the same area as evidenced by the lo- 
cal irritation there are probably many flam.aged 
proteins which m.ay conjugate with the in-nicillin 
and render it antigenic. Oluervatinn of a larger 
group of patients uivler tre.atmejit with j.roxnn-- 
penicillin may indicate whetb.er tb.e prolonged 
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contact or the irritative component is more im- 
portant. That more reactions oi the delayed type 
occur after the use of penicillin in oil and wax 
than after the use of aqueous penicillin may indi- 
cate that the prolonged contact locally or systemi- 
cally is important. Some of these reactions, how- 
ever, are probably caused by a metabolic product 
of penicillin particularly since they do follow the 
use of aqueous penicillin. Inasmuch as the skin 
is an important organ for causing penicillin sensi- 
tization it is possible that the minute quantities of 
penicillin 'in oil and wax escaping into the cutane- 
ous tissue are important. Small amounts of wax 
and oil will remain in the skin for a prolonged pe- 
riod when injected intracutaneously (4) and may 
hold penicillin there in contact with the tissue for 
some time. 

The fact that the employment of very high 
doses of aqueous penicillin results in a high reac- 
tion rate may depend on tlie fact that these large 
amounts produce considerable local irritation, 
even though for only a relatively brief period, 
with the result that more proteins are available 
to conjugate with the large amount of penicillin 
present at the site. On the other hand the con- 
centration of penicillin or a metabolic product of 
it in the distant organs may be more important. 
In this connection the fact that when high doses 
of penicillin are given the reaction rate approxi- 
mates that obtained with a sulfonamide indicates 
that penicillin is rather allergenic in large doses 
and that the difference between it and the sulfona- 
mides may be mainly a question of dosage. 

Our data indicate that an underlying allergic 
diathesis may be important in the development of 
penicillin allergy. We have examined the his- 
tories of 138 patients reported in the literature. 
Atuong the cases in which a history of allergy 
is mentioned, the history was positive in 18 per 
cent. 

Among the 138 histories examined, 63 patients 
had previously received penicillin therapy, locally 
or systeinically. at least once and 16 patients had 
received none. No data on previous penicillin 
administration were recorded for the 59 remain- 
ing patients. It the latter patients are omitted 
from the calculation, about 80 per cent of the re- 
actors had previous contact with penicillin. Our 
figures are in agreement with a high incidence of 
previoU' exposure. 


In this connection our failure to demonstrate 
“latent” allergy by administering a second course 
of penicillin is of interest. It is possible that the 
interval allowed in many of the patients was too 
short, since we have observed dela}'ed reactions 
after the discontinuance of penicillin with in- 
cubation periods longer than the time which we 
allowed between courses in most patients. Fur- 
thermore, the intervals in the patients who reacted 
to penicillin treatment were much longer both in 
our cases and in those reported, usually a matter of 
months rather than a few days. 

Peck and co-workers (9) have reported that 
the incidence of reactions is much higher among 
males than among females. Although the rate 
was somewhat higher among our male patients 
than among our female patients, the difference was 
not statistically significant. The reaction rate in 
Negroes may be low'er than that for white pa- 
tients. This problem deserves further study. 

The fact that the incidence of allergic reactions 
and local irritative reactions seem to parallel one 
another may indicate a cause and effect relation- 
ship as discussed above. This is not necessarily 
so, however, since several mechanisms are avail- 
able to explain the production of each phenomenon. 
Certainly some patients with severe local reactions 
do not have allergic reactions whereas others 
with no demonstrable local reaction may have 
severe allergies so that even if the two phenomena 
are related other determinants may be operative. 

SUMMARY 

1. The incidence of_ allergic reactions was stud- 
ied in 1303 patients. Among 598 patients re- 
ceiving aqueous crystalline penicillin the rate was 
1.2 per cent, among 557 patients receiving crystal- 
line penicillin in oil and beeswax it was 2.7 per 
cent, and among 148 patients receiving procaine 
penicillin in oil it was 1.4 per cent. In patients 
receiving very large doses of the aqueous prepara- 
tion the reaction rate was high (7.8 per cent). 
Reactions were more frequent when a product 
was administered for a longer period of time. 

2. Reactions were more frequent among pa- 
tients who gave a history of previous allergy or 
who had previous known contact with penicillin. 
The effect of sex and race on the incidence of re- 
actions was not significant in this group of pa- 
tients. 
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3. Local irritative reactions were more fre- 
quent and more severe with penicillin in oil and 
beeswax than with aqueous crystalline penicillin 
and procaine penicillin in oil. Higher doses and/ 
or more prolonged therapy were likely to be ac- 
companied by a higher incidence of irritative 
reactions. 
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THE RECOVERY OF BACTERIA FROM THE TOXIC EFFECTS 

OF PENICILLIN ^ 

By harry eagle 

(From the Section on Experimental Therapeutics, National Institutes of Health, U. S. Public 

Health Service, Bethesda 14, Maryland) 


There is considerable evidence that the thera- 
peutic action of penicillin is determined primarily 
by the total length of time for which it remains at 
concentrations effective against the particular or- 
ganism. It is, however, equally clear that the ex- 
posure to penicillin need not be continuous. In- 
jections of aqueous penicillin may be given so in- 
frequently that for an appreciable period of time 
the serum concentrations of the drug are below 
the' limits effective against the particular organism, 
and yet such widely-spaced injections may be 
fully effective therapeutically. This raises the 
question as to why the bacteria fail to remultiply 
during the time that the serum concentrations are 
less than that necessary to kill the organisms in 
vitro. Several of the possible explanations are 
apparently not valid. We have not found the 
bacteria we have studied to be appreciably more 
sensitive to penicillin in vivo than they are in vitro. 
The concentrations necessary to effect cure are of 
the same order of magnitude as those required to 
kill the bacteria in the test tube. Similarly, we 
have not found that penicillin, after its intramus- 
cular injection in aqueous solution, persists at ef- 
fective levels in the tissues for a significantly longer 
])oriod than in the blood. 

This paper will describe some experimental 
data which may throw some light on this problem. 
The clue was the observation by Parker and Marsh 
( 1 ) that after staphylococci had been exposed to 
pcniciliin. they did not immediately remultiply on 
the removal of the drug. Instead, there followed 
a period of recovery during which they remained 
essentially constant in number, and during which 
thev were presumably recovering from the toxic 
effects of the drug. We have found this phenom- 
enon to be observed with every bacterial species 
so far studied, whether with group A, group B or 

1 Prcsciiteil .at the Second Xatioji.al Symposium on 
KecviU .\<lvnnces in .-XiUibiotics Research held in Wash- 
in.eton, 1). C.. April 11-12. 1949. under the auspices of the 
Anti’iintic' Study Sectinn, Xationnl Institutes of Health, 
I’n’dic IKnlth Service. I'ederal Security .Xpency. 


group C /3-hemo lytic streptococci, a-hemolytic 
streptococci, type I or type III pneumococci. 
Staphylococcus aureus, Staphylococcus alhus, or 
Streptococcus fecalis. After the bacteria have 
been exposed to penicillin, on the removal of the 
drug there follows a variable recovery period dur- 
ing which their numbers remain constant for a 
period of two, four, six, or even eight to 10 hours. 
Only after this period of recovery do the organ- 
isms begin to multiply at their normal rate (Fig- 
ure 1). In some instances the toxic effect on 
the bacteria was manifested by a reduced rate of 
multiplication on the removal of penicillin, rather 
than an absolute bacteriostasis (Figure 2). 

The rate at which this toxic effect is initiated, 
and the duration of the following recovery period, 
var}' with individual bacterial species, and are 
affected also by two additional factors. One is 
the concentration of the drug to which the bacteria 
had been exposed (Figure 3). The toxic effect 
is initiated only by concentrations eventually bac- 
tericidal to the organism. The rate at which 
the toxic effect develops varies with the concen- 
tration of penicillin, and reaches a maximum at 
the concentration most rapidly bactericidal for 
the particular organism. Beyond that maximum, 
even a 10,000-fold increase in the concentration of 
penicillin does not further accelerate the rate at 
which the toxic effect is initiated. 

The duration of the recovery period is affected 
also by the time for which the bacteria had been 
exposed to penicillin. With some strains (Figure 
4) the toxic effect reaches its maximum within 
one to two hours, and even 24-hour exposure to 
penicillin does not significantly prolong the dura- 
tion of the following recovery period. With 
other strains, however, the duration of the re- 
covery period increases directly and continuously 
with the duration of the preceding exposure to 
penicillin (Figure 5). 

It is apparent that a recovery period during 
which the organisms remain static in number 
provides a valuable margin of safety in the thera- 
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peutic use of the drug, a period during which the 
organisms will not multiply even in the absence of 
penicillin. The therapeutic importance of this 
phenomenon, however, goes beyond the mere 
failure of the bacteria to multiply. We have found 


that during this recovery period, bacteria previ- 
ously exposed to penicillin are extraordinarily sus- 
ceptible to the defense mechanisms of the body. 
Even highly virulent organisms against which the 
body ordinarily has so little defense that one or 
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TIME IN HOURS 


Fig. 3 


two bacteria suffice to initiate a fatal infection be- 
come relatively avirulent after exposure to penicil- 
lin. In order to initiate a fatal infection, one must 
inject, not one, but 100, 1,000, or in several ex- 


periments even 5,000 of these recovering but vi- 
able bacteria. As the bacteria recover from the 
toxic effects of penicillin, their virulence slowly 
returns, reaching its normal level at the time 
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that the bacteria resume multiplication in the test 
tube (Figure 6). This decreased virulence of 
bacteria which have been acted on by penicillin 
can only mean that the organisms have become 
susceptible to the defense mechanisms of the host. 
One must inoculate as many as 100 or 1,000 bac- 
teria in order to have at least one organism sur- 
viving by the time the bacteria have recovered 
sufficiently to resume multiplication and regain 
their normal virulence. 

The therapeutic implications are two-fold. In 
the first place, bacteria should be, and are, killed 
by penicillin even more rapidly in vivo than they 
are in vitro. The bactericidal action in the in- 
fected animal is the sum of the direct effect of 
penicillin itself, plus the bactericidal action of the 
host mechanisms on organisms which are being 
acted on by the drug and thereby rendered sus- 
ceptible. This has been found to be the case in 
a number of acute experimental infections of rab- 
bits and mice. The relative quantitative impor- 
tance of these two mechanisms is under present 
study. In the second place, the therapeutic action 
of penicillin persists well beyond the time for 


which the drug remains at effective levels. For a 
varying period of time after penicillin has fallen 
below bactericidal concentrations, the damaged 
but viable bacteria continue to die under the im- 
pact of the host defense mechanisms. There is 
reason to believe that the number of bacteria killed 
during this penicillin-free period is usually less 
than those killed by the drug and the host during 
the period of penicillin action. The recovery pe- 
riod is nevertheless of major importance in that 
it provides a necessary and desirable margin of 
safety in the therapeutic use of penicillin. Even 
though the total length of time for which penicillin 
remains at effective levels may be the factor pri- 
marily determining its therapeutic efficacy, those 
levels need not be continuously maintained. 

Studies are in progress to determine whether 
humoral or cellular host mechanisms are concerned 
in the death of bacteria which have been damaged 
by penicillin, 
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AMPEROMETRIC MICRO-TITRATION OF STREPTOMYCIN 
AND DIHYDROSTREPTOMYCIN " 

By JOHN B. CONN and SARA L. NORMAN 
{From the Research Laboratories of Merck & Co., Inc., Rahway, New Jersey') 


With the introduction of dihydrostreptomycin 
into general use as an antibiotic, the development 
of a chemical assay procedure becomes desirable. 
Whereas adequate chemical methods exist for 
streptomycin, based on the characteristic maltol 
reaction ( 1 , 2 ), dihydrostreptomycin does not 
respond similarly, and other techniques must be 
sought. 

One property which is shared by both strepto- 
mycin and dihydrostreptomycin is the formation, 
under certain conditions, of sparingly soluble to 
insoluble salts with various anionic dyes, some 
of which are crystalline (3, 4). Since these dyes 
are polarographically reducible, it seemed possible 
that the precipitation reaction might be utilized 
in an amperometric titration procedure, which 
would have the advantage of being independent of 
other assay methods. When appropriate invest!-' 
gation was launched, it soon became apparent 
that no simple reaction was being dealt with. 
While a wide variety of acid azo dyes were found 
to give precipitates with dihydrostreptomycin salts 
in aqueous solution, the precipitates tended to be 
peptized by inorganic salts in concentration above 
a critical level or by excess dye, and further, 
would not separate at all unless the pH of the 
medium were held to a very narrow range. In- 
asmuch as polarographic methods require the 
presence of a supporting buffer electrolyte of 
concentration many times that of the component 
being measured, it was evident that dyes ful- 
filling the requirements would be rare. 

Altogether, some seventy-odd dyes have been 
tested during the course of this work, of which 60 
were commercial products, the remainder syn- 
thesized for the purpose. None of the commer- 
cial samples could be made to function in the de- 
sired manner; of the synthetics, those which 
showed promise were derived from diazotized 4- 

' Presented at the Second National Symposium on 
Recent .^dranccs in -Antibiotics Research held in Wash- 
inston. D. C., April 11-12, 1949, under the auspices of the 
Antibiotics Study Section, National Institutes of Health, 
Public Health Scn'ice, Federal Security .-\gcr,c>'. 


aminobiphenyl and diazotized pararosaniline, 
coupled with l-naphthol-4-sulfonic acid. 

The first of these, having the structure 

NaOaS 

would precipitate dihydrostreptomycin in O.lAf 
borate buffers of pH 7.5-8.5, but it was at once 
apparent that the composition of the precipitate 
was not the expected BA 3 , but contained much 
less dye. Moreover, a slow but steady drift to- 
ward zero occurred in the diffusion current after 
each addition of dye, once the equivalence point 
had been passed. Titrations carried out rapidly 
gave sharp apparent equivalence points, but the 
results were too erratic to be of value. After 
fruitless attempts to surmount the difficulty, which 
was caused by ion exchange between the precipi- 
tate and excess dye in solution, the use of this dye 
was abandoned. 

A priori, the solution to the problem of variable 
precipitate composition would be to select a dye 
which could give a dihydrostreptomycin salt of 
but one type; namely, one having three acidic 
functions. The representative most easily pre- 
pared by unequivocal method has the structure 

OH 

HOC(CtH,N=N— ), 

\o,Na 

Trisodium tris-fnaphtholazophcnyl) 
carbinol tnsulfon.itc 

produced by diazotization of pararosaniline and 
coupling with l-naphthol-4-suitonic acid. The red 
dye is soluble in water up to 0.05M (5fr) and 
precipitates dihydrostreptomycin in O.OlM tri- 
ethanolamine citrate buffer. pH 2.8, without any 
troublesome drift effects. (The use o: tritth,''.r.'"il- 
aminc citrate as supporting electrolyte was dic- 
tated by tlic peptizing action of the common i.n- 
organic cations.) The composition of tlw flihv- 
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drostreptomycin dye precipitate is not exactly 
stoichiometric, but is reproducible under the con- 
ditions of titration. 

METHOD 

Preparation of materials 

It is essential that pure intermediates be used in the 
preparation of the dye; otherwise mixtures of variable 
behavior result. Neither commercial fuchsine, which 
consists of a mixture of pararosaniline and its methyl 
and dimethyl homologues, nor technical grades of 1- 
naphthol-4-sulfonic acid can be used. Eastman Kodak 
best grade pararosaniline base is suitable, while a pure 
grade of l-naphthol-4-sulfonic acid is easily prepared 
from Eastman Kodak best grade l-naphthylaraine-4- 
sulfonic acid via the Bucherer reaction (S). 

Suspend 15.3 g. (0.05 mole) finely pulverized para- 
rosaniline base in 500 ml. water, cool to 5°, add 27 ml. 
cone, hydrochloric acid, and diazotize by dropwise addi- 
tion of 10.4 g. (0.15 mole) sodium nitrite in 100 ml. 
water over the period of one hour, with continuous 
stirring. At the end of the process, the solution should 
be orange and no particles of unreacted pararosaniline 
chloride should be present. The diazonium salt solution 
is poured with stirring into a solution of 37 g. (slight 
excess over 0.15 mole) pure l-naphthol-4-sulfonic acid 
in 500 ml. water containing 14 g. sodium hydroxide, 
chilled to 5°. The dark red solution is stirred for one 
hour at 5®, filtered, and treated with 10 g. ammonium 
chloride (to lower the pH), after which it is allowed 
to stand at room temperature overnight. The dye solu- 
tion is salted out with sodium chloride and centrifuged; 
the precipitate is suspended in sufficient water to render 
the mixture fluid, poured into a cellophane sac, and di- 
alyzed against running water for 36-48 hours to remove 
diffusible electrolytes (it has not been found possible to 
date to crystallize the dye). The dialyzed solution is 
concentrated to dryness on the steam bath, and the 
vitreous green residue further dried at 100°. Yield, 
50.4 g. (937o). M.W., 1079. 

For preparation of the titrating solution, 1.08 g, (0.001 
mole) is dissolved in 100 ml. water by warming; the 
solution is allowed to stand for two days, and then filtered 
through a layer of Celite to remove any insoluble particles. 

Supporting buffer: Dissolve 29.8 g. (0.2 mole) com- 
mercial triethanolamine and 21.0 g. (0.1 mole) citric acid 
in 1 liter water and mi.x 400 ml. of this solution with 600 
ml. O.liV HCl. This stock solution is diluted 1:10 with 
distilled water for use; the pH should be 2.8. 

Procedure 

A Leeds and Northrup Electro-chemograph was used 
in conjunction with a Linganc-Laitinen cell (6), the 
equipment being housed in a room thermostated at 25°. 
The burette was a 1 ml. mercurv'-expulsion type of the 
Gilmcnt design. 

The potentiometer is set at -0.8 v. vs. S.C.E., and 
recorder range at 10 micro-amperes. The cell is charged 


with 5-10 ml. buffer, and a sample of dihydrostrepto- 
mycin salt equivalent to 1-3 mg. base is introduced either 
in a small platinum boat or as a measured amount of 
solution. After nitrogen is passed through the solution 
for five minutes, the gas flow is switched to overpass and 
a chart tracing obtained after establishment of equilibrium, 
the chart being allowed to run until a straight line is 
drawn, stopping for convenience on a chart division. 
Nitrogen is once more passed through the solution, 
and 0.05 ml. of dye is introduced, after which a second 
chart tracing is obtained. This cycle of operations is 
repeated until the equivalence point has been passed and 
four or five current steps of about equal magnitude are 
obtained. The chart is read off, the current values 
corrected for volume change and the results plotted. 

Standard preparations of streptomycin and dihydro- 
streptomycin salts are employed for calibration purposes. 
If streptomycin hydrochloride-calcium chloride double salt 
is used, the calcium chloride is best removed, so as to 
avoid any disturbing effect due to its presence. This is 
easily accomplished by stirring the solution of the sam- 
ple with silver carbonate until the pH rises above 8; the 
solid is removed by centrifugation, washed, and the com- 
bined solution phases brought to pH 5 with dilute acid. 

RESULTS AND DISCUSSION 

Table I lists data which have been collected on 
the titration of various dihydrostreptomycin salts. 

In view of the usual difficulties of solvation and 
hygroscopicity which are encountered in dealing 
with these salts, the agreement is considered good, 
particularly since the amperometric titration de- 
pends on a property of the ion as a whole rather 
than any functional part. 


TABLE I 

Titration of dihydrostreptomycin salts 


Salt 

Ampero- 

metric 

assay 

Other assays 

Sulfate 

734 



743 


Chloride 

808 



817 


Sulfate 

760 



765 


Sulfate 

782 

790 

765 (Base titration) 

Sulfate 

737 

749 

763 (lodimetric) 

Streptomycin Hydro- 
chloride-Calcium 
Chloride 

748 

733 

740 (Maltol) 
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TABLE II 

Stability of dihydrostreptomycin 
in normal sulfuric acid 


Time (hours) 

Temperature 

Decomposition (%) 

1 

100° 

100 

23 

25° 

25 

95 

25° 

77 


In practice it is found that separate standardi- 
zations are required for streptomycin and dihydro- 
streptomycin salts, since the molecular composi- 
tions of the salts are neither exactly stoichiometric 
nor identical. This effect is not unexpected, in 
view of the colloidal nature of the anion. 

Since, as has been previously pointed out, inor- 
ganic salts exert a strongly peptizing action on 
streptomycin and dihydrostreptomycin tris-(naph- 
tholazophenyl) carbinol trisulfonate, applications 
of the amperometric assay are limited to those in 
which such salts are either absent or removable. 
For example, in case it is desired to use the method 
for a study of the stability of dihydrostreptomycin 
in aqueous solution at different pH’s and tempera- 
tures, the employment of sulfuric acid and barium 
hydroxide as acid and base permits removal of ex- 
traneous ions. The data in Table II on the acid 
stability of dihydrostreptomycin were obtained in 
this manner. 

SUMMARY 

Streptomycin and dihydrostreptomycin form 
water-insoluble salts with various anionic dyes ; 
this property may be utilized for a precipitometric 
titration assay, provided that the characteristic 
tendency of the precipitate to be peptized by excess 
of indifferent salts can be overcome. In addition, 


unless the dye anion is trivalent, precipitates of 
variable composition are likely to be produced. 

The dye formed by coupling diazotized para- 
rosaniline with I-naphthol-4-sulfonic acid precipi- 
tates streptomycin and dihydrostreptomycin quan- 
titatively in 0.02M triethanolamine citrate buffer, 
pH 2,8. The polarograph is used in an ampero- 
metric titration procedure; an amount of strepto- 
mycin or dihydrostreptomycin salt corresponding 
to 1-3 mg. of base dissolved in 5-10 ml. buffer is 
titrated wdth 0.01 M solution of dye, using a 1 ml. 
micro-burette; the polarograph is set at -0.8 v. 
(vs. S.C.E.) and 10 micro-ampere range. 

The titration is reproducible to better than 
± 1 %. Using pure streptomycin and dihydro- 
streptomycin salts as standard, the method gives 
results in good agreement with other assay pro- 
cedures. 
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A NEW LINEAR DIFFUSION METHOD FOR THE MICROBIOLOGICAL 
ASSAY OF STREPTOMYCIN AND DIHYDROSTREPTOMYCIN " 

By J. M. McGuire, W. W. DAVIS, T. V. PARKE, and W. A. DAILY 
{From the Lilly Research Laboratories, Indianapolis, Ind.) 


A new antibiotic assay method has been de- 
veloped which involves a radically different' dif- 
fusion system from that employed in plate meth- 
ods. In this new method diffusion occurs from 
a solution of the antibiotic in a test tube into a col- 
umn of agar contained in a glass capillary. 

This new method promises improved accuracy 
because the linear diffusion system has important 
advantages over the diffusion system presented in 
the plate methods. Secondly, this method pro- 
vides greater efficiency in handling test equip- 
ment than is possible for other methods. Capil- 
laries can be filled, read, and cleaned by semiauto- 
matic procedures. Test tubes and other essential 
equipment are efficiently cleaned in a special steam 
cabinet. Finally, the method affords comparative 
economy in personnel and materials over other 
methods. 

The method is inherently capable of extension 
to testing of other antibiotic or germicidal ma- 
terials, but has been worked out in detail and ap- 
plied only for the testing of streptomycin and di- 
hydrostreptomycin. The obvious extension to 
testing of penicillin is being studied. 

The test depends upon the formation of charac- 
teristic zones in the seeded agar column in the 
capillary. Figure 1 shows a section of a capillary 
in which such zones have formed. 

A sharp initial boundary for diffusion of anti- 
biotic from solution into the agar column is pro- 
vided by the molded end of the agar column. A 
region of inhibition of growth occurs at this 
end of the agar column. The length of this region 
depends on concentration of antibiotic in the test 
solution. This region is bounded by a sharp dense 
zone of aerobic growth of the test organisms which 
allows the Icngtii of this region to be accurately 
measured. This sharp zone of aerobic growth 
results from the fact that oxygen diffuses unused 

• Presented at the Second National Symposium on 
Recent .Advances in .Antibiotics Research held in Wash- 
itveton. 1). C., .April 11-12, 1949, under the auspices of the 
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through the region of inhibition and becomes avail- 
able to the first uninhibited organisms encountered. 
Since this growth uses all the oxygen available by 
diffusion inward, the growth of organisms beyond 
this zone is limited by the oxygen originally dis- 
solved in the agar. Accordingly, growth in this 
region is very light. A pellicle of dense aerobic 
growth is always seen at the top surface of the 
agar column. 

Figure 2 shows the manner in which the length 
of the inhibition region depends upon the con- 
centration of dihydrostreptomycin in test solu- 
tions. Such a standard curve is prepared each 
day from known dilutions of a standard solution. 
The results on unknown solutions are referred to 
this curve for evaluation. 

METHOD 

A complete description of the required equipment and 
the details of the method is being published elsewhere. 
Only a brief description of the operations involved in the 
use of this method can be given here. 
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METHOD FOR ASSAY OF STREPTOMYCIN AND DIHYDROSTREPTOMYCIN 
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Fig, 2. A Typical Curve Showing the Dependence of Zone Length on Concentration 

OF Akubiotic 


The capillaries employed are constructed of pyrex capil- 
lary tubing of approximately 1,5 mm. bore and approxi- 
mately 7 mm. outside diameter. They are cut to ap- 
proximately 3% inches. One end is ground flat while 
the other is only edge ground. 

Clean dry capillaries are partially filled by placing 
them in an automatic filling device containing plain 4% 
melted agar seeded with spores of Bacillus sitbtilis. This 
device fills 800 capillaries simultaneously. After the 
capillaries are filled, the entire assembly is cooled to 
allow solidification of the agar. This operation provides 
a flat molded end on the agar column in each capillary. 

After cooling, the filled capillaries are removed from 
the filling device and placed two each in test tubes con- 
taining roughly 2 ml. of test solution. The test solutions 
have been made up bj- diluting standard and unknown 
antibiotic solutions with nutrient broth. The concentra- 
tions of standard test solutions are from 0.5 to 2.0 units 
per ml., while the unknowns arc diluted to bring them 
to approximately 1 unit per ml. The test tubes are capped 
and incubated in racks in a constant temperature water 
bath at 32° C. overnight. After incubation the contents 
of a group of test tubes (usually five) containing a single 
test solution arc dumped on a draining device. The capil- 
laries arc rinsed with water and then dried on an ab- 
sorbent surface. 


The capillaries arc then transferred in a group to a spe- 
cial carriage provided on a modified Fishcr-Lilly Anti- 
biotic Zone Reader. The modification of the reader per- 
mits the length of the zone of inhibition to be read 
reproducibly to plus or minus 0.01 mm. 

After the reading, the capillaries arc stacked in a wire 
basket and cleaned simultaneously in the steam cleaning 
cabinet. Test tubes and bottles used for dilutions arc 
cleaned in a similar manner. 

The filling device formerly employed allowed simul- 
taneous filling of 400 capillaries. Three units of test 
equipment arc now being constructed, each designed to 
fill and handle 800 capillaries per day. Each unit antici- 
pates the performance of 57 six-tube tests or 114 three- 
tube tests in addition to a complete st-mdard cun-c. 

RESULTS AND CONCLUSIONS 

Deviations of test results on a 1 unit per ml. 
solution have been studied cmployintj the disc- 
plate method and the capiilary-lincar difFij.sion 
method. Fifty Petri dishes were cmjflovcd in 
each plate-disc experiment and 50 tc.‘t tu 1 >c 5 in 
cadi capillary experiment. The .M.-mdird devb- 
tions for six platc-disc experiments were from 
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7% to 10% for individual zones, and those for 
seven capillary experiments were from 3% to 8% 
for individual capillaries. A similar experiment 
was performed to study the deviations of the 
broth-turbidimetric assay method, employing 150 
tubes. The standard deviation of this method 
was found to be 3%. These data indicate that 


when the two diffusion assay methods are com- 
pared on the basis of equivalent numbers of plates 
and pairs of capillaries, the linear diffusion capil- 
lary method is somewhat superior to the plate 
method in precision. In comparison to the broth- 
turbidimetric assay method the capillary method 
is less precise but more convenient. 



QUANTITATIVE DETERMINATION OF DIHYDRO STREPTOMYCIN 
BY PERIODATE OXIDATION " 

By EDWARD A. GARLOCK, JR., akd DONALD C. GROVE 
{From the Federal Security Ageticy, Food and Drug Administration, Washington, D. C.) 


Dihydrostreptomycin is produced commercially 
by the catalytic hydrogenation of streptomycin. 
The reaction involves the reduction of the alde- 
hyde group in the streptose moiety of the strepto- 
mycin molecule to the corresponding primary 
carbinol group as evidenced by the failure of 
dihydrostreptomycin to react with carbonyl rea- 
gents or with alkali to produce maltol. As there 
are no chemical methods available for the direct 
determination of dihydrostreptomycin, it was de- 
sirable to investigate the development of such a 
method. A satisfactory procedure has been found 
and is based upon the measurement of formalde- 
hyde liberated by the periodate oxidation of di- 
hydrostreptomycin. 

Periodate oxidation is a general method of cleav- 
ing the linkage between rivo adjacent hydroxyl 
bearing carbon atoms. If one of the hydroxyl 
groups is a primary carbinol, formaldehyde will 
be a reaction product (1). In the elucidation of 
the structure of streptomycin, it has been proven 
there is no primary carbinol group which will 
give rise to formaldehyde on treatment with pe- 
riodate (2, 3). However, in the case of dihydro- 
streptomycin there is a primary carbinol adjacent 
to an hydroxyl, and formaldehyde is liberated by 
periodate oxidation. This has been observed ex- 
perimentally by Lemieux, DeWalt and Wolfrom 
(4) . These workers showed that dihydrostrepto- 
mycin when oxidized with l.S mole of periodate 
yielded 0.5 mole of formaldehyde while strepto- 
mycin yielded no formaldehyde. Fried and 
Stavely (5) have also found that the action of 
periodic acid on streptomycin B and on dihydro- 
streptomycin B produces zero and one mole of 
formaldehyde, respectively. 

Sodium metaperiodate was found to be the most 
suitable reagent for the oxidation of diln-dro- 
strcptomycin. Although the action of the salt 

^ Presented at the Second Nation.al S\mposium on 
Recent Ad\’ances in .Antibiotics Rescarcli lieid in Wash- 
inRton, D. C., .April 11-12, 1949, under the auspices of the 
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is not as rapid as the free periodic acid, there is 
less danger of hydrolysis with the salt because of 
the difference in the pH of the solutions. 
Chromotropic acid (1, 8 DihydroxynaphthaIene-3, 
6-DisuIfonic Acid) was selected as the best rea- 
gent to determine the liberated formaldehyde (6) . 
Attempts to determine the formaldeh)fde with this 
reagent in the presence of the other oxidation 
products were not satisfactory. As a result, it 
became necessary to distill the formaldehyde from 
the reaction solution and then determine the for- 
maldehyde in the distillate by means of the chro- 
motropic acid reagent. 

PROCEDURE 

An aqueous solution of the dihydrostreptomycin salt is 
prepared to give an estimated 20,000 /‘g/ml. A S-ml 
aliquot of this solution is transferred to a 50-ml glass 
stoppered flask and 10 ml of an aqueous O.OSM sodium 
metaperiodate solution added. The oxidation is allowed 
to proceed overnight at room temperature. After oxida- 
tion, a 3-ml aliquot is transferred by means of a pipette 
to the distilling bulb (Figure 1). An excess of sodium 
thiosulfate (approximately saturated solution) is added 
to destroy any remaining periodate. The formaldehyde 
is then distilled by steam while passing a small stream 
of air through the system to aid the distillation. Ap- 
proximately 48 ml of distillate is collected in a SO-ml 
volumetric flask and made to volume with water. A 
1-ml aliquot of the distillate is transferred to a SO-ml 
volumetric flask and 10 ml of concentrated sulfuric acid 
is slowly added. One ml of the chroraotropic acid re- 
agent (2.5 grams chromotropic acid plus 0.5 gram sodium 
bisulfite per 100 ml water) is added and the flask is 
heated in a boiling water bath for 15 minutes. The solu- 
tion is cooled, distilled water is added with cooling and 
the solution finally made to 50 ml with distilled water 
at room temperature. A blank is prepared by adding 
1 ml of water, 10 ml of concentrated sulfuric acid, 1 ml 
of chromotropic acid reagent, heating and m.nking to 
volume as above. The per cent transmittance of th.e 
unimown solution is read in a 1-cm cell in a photoelectric 
colorimeter, using a S7S-m“ filter and setting the instru- 
ment at 100 per cent transmittance for the hhr.k solution. 

A standard curve is prepared by oxidiring a st-indard 
solution of dikydrostrcptomycin, distil’inr aligucts into 
separate 50-m! f.a.'ks and treating th.e di'tlUates as indi- 
cated a!)ove witlt clircmotropic acid. The j'-cr cent tran.*- 
mittar.ces obtained on the standard scluti'ns are jlcttr"! 
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as the ordinate on semi-log paper against the concentra- 
tions in micrograms of the dihydrostreptomycin standard 
as the abscissa. A straight line relationship is obtained. 
The per cent transmittance of the unknown is located on 
the curve and the corresponding concentration of dihy- 
drostreptomycin read off the graph. 

Table I shows the values obtained when ten 
commercial samples were analyzed by this pro- 
cedure as compared to the turbidimetric bioassay 
method. The values indicate a good agreement 
between the two methods. The standard dihy- 
drostreptomycin sulfate ^ used in this study was 
a relatively pure sample as determined by chemi- 
cal and biological assay. 

A series of streptomycin samples were analyzed 
for their diliydrostreptomycin content by this 

~ Supplied through the courtesy of Chas. Pfizer & 
Co., Inc. 

N 

TO CONDENSER 



Fig. 1. Distillation Bulb for Distilling Formaldehyde with Steam 


TABLE I 


Comparison of chemical and bioassay of commercial 
samples of diliydrostreptomycin* 


Mfgr. 

Type salt 

Grams of dihyt 
per 

Chemical 

irostreptomycin 

vial 

Bioaasay 

A 

Sulfate 

1.10 

i.ii 


Sulfate 

1.10 

1.04 

B 

Hydrochloride 

1.10 

.99 


Hydrochloride 

1.12 

1.12 

C 

Sulfate 

1.06 

1.04 


Sulfate 

.90 

1.05 

D 

Sulfate 

1.06 

1.03 


Sulfate 

1.05 

1.08 

E 

Sulfate 

1.23 

1.06 


Sulfate 

1.05 

1.00 


* All of the above samples were labeled to contain one 
gram of dihydrostreptomycin per vial. 
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procedure. Two samples (both from the same 
manufacturer) showed 10 and 13 per cent dihydro- 
streptomycin while the others showed less than 
6 per cent. It is possible that impurities capable 
of reacting with periodate to give formaldehyde 
are responsible for some of the apparent dihydro- 
streptomycin content of these commercial strep- 
tomycin samples. The FDA streptomycin sul- 
fate working standard showed less than 3 per cent 
dihydrostreptomycin by the above method. A 
relatively pure sample of streptomycin B ® also 
showed less than 3 per cent dihydrostreptomycin 
as determined by this procedure. The data ob- 
tained during this study indicate the proposed 
chemical method is reliable for the analysis of rela- 
tively pure dihydrostreptomycin samples. 

SUMMARY 

Dihydrostreptomycin may be quantitatively de- 
termined by the colorimetric measurement of the 
formaldehyde liberated after oxidation with pe- 
riodate. 
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INVESTIGATIONS ON THE STREPTOMYCINS " 

By GEOFFREY RAKE, FELIX PANSY, WILLIAM P. JAMBOR, 
AND RICHARD DONOVICK 

(From the Squibb Institute for Medical Research, New Brunswick, N. 7.) 


Studies in vitro and in vivo with pure prepara- 
tions of streptomycin, dihydrostreptomycin, man- 
nosidostreptomycin and dihydromannosidostrep- 
tomycin have been continued. Unfortunately, up 
to the present only small amounts of the two latter 
antibiotics have been available in the pure form and 
for this reason in vivo studies have been carried 
out only with the two former. 

Careful studies of the in vitro activity of these 
four streptomycins on nine species and 16 strains 
have been reported elsewhere (1). In gen- 
eral a pattern of activity was established which 
showed approximately equal activity of strepto- 
mycin and dihydrostreptomycin in terms of mini- 
mal inhibiting concentrations (M.I.C.) of anti- 
biotic. Mannosidostreptomycin and dihydroman- 
nosidostreptomycin also showed M.I.C.’s equal 
to each other but significantly higher than strep- 
tomycin and dihydrostreptomycin, i.e. the man- 
nosido-compounds were less active. The chief 
exceptions to this pattern were with Y. typhosa 
and S. schottmiiUeri where dihydrostreptomycin 
was much less active than streptomycin but the 
mannosido- compounds showed activity similar to 
that of streptomycin. 

Further in vitro studies have confirmed this 
general pattern of activity. In Table I are shown 
the data for nine species of which two have not been 
reported previously — H. influcnsae and D. granu- 
loniatis. They follow the usual pattern. Of note 
is the fact that in both cases the dihydro com- 
pounds are slightly but significantly more active, 
and that D. granulomatis is by far the most sensi- 
tive strain we have tested so far. 

In Table II are shown the in vitro results w'ith 
12 strains of seven species of SalmoncUae and 
ShigcUac. Although the two species of Shigella 
fit in with the pattern discussed above and shown 
by the strains in Table I, the SalmoncUae are 

* Presented at the Second National Symposium on 
Recent .Advances in .Antibiotics Research held in Wash- 
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atypical as already indicated in the previous publi- 
cation (1). Moreover, there are three distinct 
groupings with the Sahnonellae. All strains show, 
a higher resistance to dihydrostreptomycin than 
to streptomycin, this being least marked with S. 
enteritidis where the activity of the dihydro com- 
pound almost equals that of streptomycin while it 
is only one-third to one-fourth as active as the latter 
compound for the other species. The three distinct 
groupings appear when the activity of the man- 
nosidostreptomycins is considered. With Y. en- 
teritidis the pattern resembles that of Shigella and 
the other microorganisms. With all strains of S. 
typhosa and S. schottmiiUeri the mannosido- 
streptomycins have an activity in terms of M.I.C. 
approximately equal to that of streptomycin while 
with Y. pullonmi and 5". gallinarum the mannosido- 
streptomycins are more than twice as active. This 
activity of the mannosidostreptomycins against the 
Sahnonellae is of particular interest in considera- 
tion of the mode of action of the different strepto- . 
mycins. Although in the case of most organisms 
it might be hypothecated that the mannosidostrep- 
tomycins were only active after conversion to 
streptomycin, and that their lesser activity was 
due to incomplete conversion by the organisms 
involved, such cannot be the case with their ac- 
tivity on Y. pnllorum and S. gallinarum and the 
whole hypothesis must thus be put in question. 

Unfortunately, at the present time insufficient 
amounts of the pure mannosidostreptomycins are 
available for in vivo tests. At this time further 
in vivo experiments with streptomycin and di- 
hydrostreptomycin will be described and the re- 
sults of different dosage schedules with these two 
compounds will be evaluated. 

In Table III are seen the composite results of 
several tests comparing the activity of strepto- 
mycin and dihydrostreptomycin against Ricket- 
tsia microti— the vole rickettsia of Baker, in the 
ft will be noted that dihydrostreptomycin is 
twice as active as streptomycin itself. This find- 
ing is the reverse of those of Smadel, Jackson and 
Gauld (2) with other species. They found di- 
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TABLE I 

In vitro activities of pure streptomycins against various organisms 


Test organism 


Uebsiella pneumoniae (ATCC 9997) 
lerobacler aerogenes (ATCC 129) 
Ischerichia coli (D-S6) 
lemophilus influenzae, Type B (D-68) 
')onovania granulomalis (B-44A) 
Staphylococcus aureus (209-P) 


Streptococcus pyogenes (C-203) 
Brucella abortus (Huddleson T 
Mycobacterium tuberculosis: 
H-37Rv 
Ravenel 
BCG 
N.i 
T.t 
P.t 
O’D.t 
K.t 


1119 avirulent) 


Minimal inhibiting concentrations* 


Streptomycm 

Dihydro- 

streptomycm 

Marmosido- 

streptomycin 

Dihydromannosido- 

streptomyda 

ut/ml 

pe/ml 

M/nil 

ue/mt 

1.76 

1.76 

6.39 

6.59 

2.71 

3.27 

10.8 

11.1 

6.05 

6.79 

24.8 

23.8 

2.30 

1.53 

8.53 

5.53 

0.167 

0.151 

0.595 

0.446 

0.828 

1.39 

5.64 

7.77 

11.7 

15.9 

82.9 

87.9 

0.816 

0.738 

2.93 

2.53 

2.0 

2.2 

S.S 

6.5 

0.58 

0.62 

2.5 

2.2 

0.52 

0.55 

1.9 

1.7 

0.54 

0.56 

2.5 

2.1 

0.55 

0.54 

2.2 

2.0 

0.62 

0.85 

2.3 

2.2 

0,63 

0.75 

2.3 

2.6 

1.0 

1.7 

3.9 

3.9 


* All figures given in terms of weight of the trihydrochlorides, 
t Strains of M, tuberculosis freshly isolated from human cases. 


hydrostreptomycin less than half as active as strep- 
tomycin in the egg against R, rickettsii and R. 
akari. 

In seeking to obtain definitive data on the use- 
fulness of different dose schedules both acute and 
chronic infections have been employed. In Table 
IV are shown the results with one of the acute in- 
fections used, namely, that with S. schottmiilleri. 
It will be noted that in all cases a single daily dose 
schedule is better (i.e. the CDjo is less) than is a 
three dose schedule. This is 'more marked where 


a small bacterial inoculum is used but even with 
larger inocula the results are significant. In this 
table one should draw attention to a phenomenon 
mentioned before (1), namely, that dihydrostrep- 
tomycin is more active m vivo (better than half 
as active as streptomycin) than might be expected 
from its in vitro activity (see Table II). 

With more chronic infections there is no ac- 
tual advantage to the single dose schedule. In- 
stead, one, two, or three dose schedules all give the 
same response. This is shown in Tables V and 


TABLE II 


In vitro activities of pure streptomycins against various organisms 


Test organism 


Minimal inhibiting concentrations* 


Streptomycin 

Dihydro- 

clrcptomydn 

Afannosido- i 

etreptomydn I 

Dihydromannoffdo- 

etreptomycin 

Salmonella typhosa (D-IS) 

Mt/mt 

Ut/n-J 

Uttrr.l 

tttMl 

12.2 

51.0 

12.4 

12.9 

Salmonella typhosa (D-14) 

9.73 

34.3 

9.14 

9.16 

Salmonella typhosa (D-59 rough) 

6.76 

23.3 

8.06 


Salmonella schottmulleri (D-St) 

10.1 

36.5 

14.3 

14.4 

Salmonella enleritidis (D-61) 

4.14 

5.50 

12.7 

13.6 

Salmonella enleritidis (D-12S) 

3.26 


12.1 

14.0 

664 

Salmonella enleritidis (D-124) 

1.71 

2.25 

7.09 

Salmonella enleritidis (D-120) 

4.21 

5.72 

15 6 

16 'i 

Salmonella pullcrum (D-123) 

26.5 

90.1 

12.5 

14 7 

Salmonella gjltinarum (D-122) 

29.1 

116 

13.3 

13.S 

jennei (D-1I6) 

7.42 

8,52 

30 <i 

"0 t, 

Shigella dysenteriae (D-105) 

6.26 

5.82 

27.2 

27.1 


All figures given in terms of weight of the inhvdrochioridcs. 
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TABLE III 


Comparison of pure streptomycin and dihydrostreptomycin 
in vole rickettsial infections in embryonated chick eggs 




No. of 
tests 

Total no. 
of eggs 

Dead/ 

Total 

% 

Dead 

Controls 10“’* 


5 

34 

30/34 

88.2 

Controls 10“’ 


5 

40 

25/40 

62.5 

Controls 10“* 


5 

40 

22/40 

55. 

Streptomycin 




5/6 

83.3 

0.001 mg/eggi 


1 ! 

6 

0.004 mg/egg' 


5 1 

34 

24/34 


0.016 mg/eggi 


S j 

34 ! 

18/34 


0.064 mg/egg'i 


5 

34 

11/34 

32.4 

0.25 mg/egg- 

, 

5 

33 

4/33 

12.2 

1.00 mg/eggi 

' 

3 

22 

0/22 



CDbo = 0.02 mg/egg 


Dihydrostrepton 
0.001 mg/eggi 

lycin 

1 

6 

5/6 

83.3 

0.004 mg/egg' 


5 

34 

21/34 

61.7 

0.016 mg/eggi 


5 

34 

15/34 

44.2 

0.064 mg/egg’ 


5 

34 

5/34 

14.7 

0.25 mg/egg- 


5 

34 

4/34 

11.8 

1.00 mg/egg- 


3 

22 

1/22 

4.5 


CDso = 0.01 mg/egg 



* 10“’ refers to dilution of yolk sac suspension used as 
inoculum. All treated eggs were inoculated with the 10“’ 
dilution. 

t Dosage given in terms of weight of pure trihydro- 
chloride. 


VI where a smaller and larger total daily dosage 
are compared in a standardized tuberculous in- 
fection in mice. It will be seen that when the 
average survival time in days is compared there is 
no significant difference in one type of dosage 


TABLE IV 

Effect of dosage schedule on streptomycin and 
dihydrostreptomycin action in Salmonella 
schottmiilleri infection in mice 


Antibiotic 

preparation 

No. of 
tests 

Average 

inoculum* 

bacterial 

cells/mouse 

Tlicrapy 
schedule 1 

CDh 

mg/kg 

Streptomycin 
(650 U/mg) 

5 

60 

Single dose 

4.2 

Streptomycin 
(650 u^mg) 

5 

60 

3 doses in 1 day 

8.6 

Streptomycin 
(S50 u 'mg) 

3 

noo 

Single dose 

24.0 

Streptomycin 
(550 u, mgl 

3 

noo 

3 doses in 1 day 

38.5 

nih> iJrcitfrptomycin 
(550 u/ms) 

3 

1100 

Single dose 

40.0 

(550 Li. 

3 

tioo 

3 doses in I day 

69.0 


* Or.* to two bacterial cells {>er mouse were lethal to all 
cootrol rtice. 


TABLE V 


Effect of schedule of treatment with streptomycin* in mice 
infected with Mycobacterium tuberculosis {Ravenel) 


No. of 
mice 

Total daily 
doset 
Units/kg/ 
Day 

Schedule 

Duration 
of treat- 
ment 
(days) 

Average 

survival 

time 

(days) 

% 

Surviving 

longer 

than 

34 days 

8 

None 

(Controls) 

— 

— 

19.8 

0 

8 

10,000 

3333 t.i.d. 

7 

21.9 

0 

8 

10,000 

5000 b.i.d. 

7 

23.5 

0 

8 

10,000 

Single dose 

7 

22.8 

0 

8 

jjjHffi 1 nn 

3333 t.i.d. 

14 

26.0 

0 

8 

BnKtS 

5000 b.i.d. 

14 

25.6 

0 

8 

■QBI 

Single dose 

14 

25.9 

0 

8 

10,000 

3333 t.i.d. 

21 

27.6 

12.5 

8 

10,000 

5000 b.i.d. 

21 

28.5 

12.5 

8 

10,000 

Single dose 

21 

27.5 

0 


* Partially purified streptomycin, 400 units/mg. 
t Treatment given via the subcutaneous route. 


schedule over another whether the total daily dose 
is 10,000 or 50,000 units per kg or whether treat- 
ment is maintained for seven, 14 or 21 days. 

In general, it can be said then that no benefit can 
be expected in setting up any standardized test 
for the streptomycins with a dosage schedule us- 
ing greater frequency than one dose a day. One 
would presume that the same would hold for the 
mannosidostreptomycins when they become avail- 
able. 

TABLE VI 


Effect of schedule of treatment with streptomycin* in mice 
infected with Mycobacterium tuberculosis {Ravenel) 


No. of 
mice 

Total daily 
doset 
Units/kg/ 
Day 

Schedule 



Duration 
of treat- 
ment 
(days) 

Average 

survival 

time 

(days) 

^ % 
Surviving 

longer 

than 

34 days 

8 

None 

(Controls) 

— 

— 

19.8 

0 

7 

50,000 

16,667 t.i.d. 

7 

31.7 

14.3 

7 

50,000 

25,000 b.i.d. 

7 

28.7 

14 3 

8 

50,000 

Single dose 

7 

30.1 

28.6 

8 

50,000 

16,667 t.i.d. 

14 

37,4 

87.5 

8 

50,000 

25,000 b.i.d. 

14 

37.9 

87.5 

8 

50,000 

Single dose 

14 

40.5 

75.0 

8 

50,000 

16,667 t.i.d. 

21 

52.0 

100 

8 

50,000 

25,000 b.i.d. 

21 

59.0 

100 

8 

50,000 

Single dose 

21 

59.4t 

100 


Partially purified streptomycin, 400 units/mg. 
t Treatment given via the subcutaneous route. 

^ I One mouse survived through 118 days, at which time 
It was sacrificed. 
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SUMMARY 

hi vitro studies continue to reveal unique be- 
havior on the part of the various strains of Sal- 
inonellae in their response to the four streptomy- 
cins. Where with most other species the activity 
of dihydrostreptomycin equals that of strepto- 
mycin, in this genus all strains tested are less sen- 
sitive to the former than to the latter, all compari- 
sons being made on a weight basis. On the other 
hand, for most genera studied the mannosidostrep- 
tomycins are less active than is streptomycin. In 
contrast to this for the Salmonellae, the mannosido 
compounds are often as active as streptomycin, 
and for two species are even more active than the 
latter. The characteristics of dihydrostreptomycin 
mentioned above do not hold for dihydroman- 
nosidostreptomycin which approximately equals 
mannosidostreptomycin in activity for every spe- 
cies tested thus far in vitro. 


In vivo studies in acute as well as in chronic ex- 
perimental infections show that streptomycin or 
dihydrostreptomycin given in a single dose daily 
gives results as good as, or better than, those ob- 
tained by giving two to three divided doses daily. 
Against S', schottmulleri dihydrostreptomycin is 
more active than might be expected from the in 
vitro findings. In embryonated eggs infected with 
Rickettsia microti dihydrostreptomycin is some- 
what more active tlian streptomycin. 
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THE EFFECT OF STREPTOMYCIN DERIVATIVES ON STREPTOMYCIN- 
DEPENDENT AND -RESISTANT STRAINS OF BACTERIA ^ 

By WALTER A. WINSTEN 

{From the Food Research Laboratories, Inc., Long Island City, Neiv York) 


Several authors (1, 2) have recently demon- 
strated the value of streptomycin-dependent strains 
of bacteria for the identification of streptomycin- 
producing organisms. The occurrence of strepto- 
mycin-dependent mutants of various bacteria was 
first demonstrated by Miller and Bohnhoff (3, 4). 
The streptomycin-dependent mutants were found 
in cultures which also contained streptomycin-re- 
sistant strains of the usual type. 

In the case of the streptomycin-dependent 
strains, these organisms, according to Iverson 
and Waksman, apparently utilize streptomycin 
as a true growth factor. The authors stated that 
streptomycin is not used as a substrate or a nu- 
trient since no destruction of streptomycin oc- 
curred in media in which the streptomycin-de- 
pendent strains were grown. 

Accepting the suggestion that streptomycin 
represents a true growth factor for the mutant 
forms discussed above, it was of interest to de- 
termine whether any synthetic streptomycin de- 
rivatives could act cither as anti-metabolites vis-a- 
vis the “growth factor” streptomycin or possibly 
as substitute growth factors for a streptomycin- 
dependent organism. It was also thought of in- 
terest to extend the study to include the effects of 
various streptomycin derivatives on streptomycin- 
resistant bacteria, as well. 

Various streptomycin derivatives were there- 
fore tested for antistreptomycin or streptom 3 'cin- 
like activity. The derivatives examined included 
diliydrostreptoinvcin (5) and certain N-substi- 
tuted straiglit chain alkyl streptomvcvlamines first 
descrii)ed by Winsten (6). 

In testing different preparations of the strepto- 
invcvlainine derivatives, it was necessary to insure 
that eacli derivative was tested for its effects free 
of any residual unchanged streptomycin or dihv- 
dm.-treptoinvcin U'nned during the course of the 

' at the Secmid X.'itioii.nl Symposium on 

Krci :it Ailvnect. ' in .AntdiinticN Resc.TrcIi held in Wash- 
[) April ll-ld. tmder the an^pices of the 
.''ti; !> Secti ir!. N'atii'ii.-i.I Iiotitute-: of Health, 
Hi'.u:!; S' rvic'-, Fed'.ral Security .Aeency. 


synthesis of the streptomycylamine derivatives by 
catalytic hydrogenation of the corresponding 
Schiff bases. This could be most conveniently 
done by use of the paper chromatographic method 
of Winsten and Eigen (7). 

METHODS 

In carrying out the present study a solution of each 
preparation of a derivative (or derivatives) was first 
subjected to paper chromatographic separation. The re- 
sulting paper chromatograms were then laid on agar 
seeded with E. coli Strain E ISS, a streptomycin- 
dependent strain obtained through the courtesy of Dr. 
R. J. Vanderlinde. 

A desired amount of streptomycin was included in the 
Difeo nutrient agar, in order to insure sufficient back- 
ground growth of E. coli E 158 where this was desired. 
After incubation the substances being tested either caused 
enhanced zones of growth or zones of inhibition, seen 
along the loci of the strip chromatograms. The zones of 
growth were seen against the lighter background growth 
caused by the streptomycin in the medium. The zones 
of inhibition were seen as on usual plates against the 
background bacterial growth. Indeed it sometimes oc- 
curred that a locus of a chromatogram exhibited both a 
zone of growth and a zone of inhibition. This situation 
occurred whenever a preparation of a derivative which 
was an inhibitor also contained unchanged streptomycin 
or dihydrostreptomycin which caused zones of growth. 
.A schematic drawing of such a chromatogram is shown 
in Figure 1 for the case of an N-n-hexylstreptomy- 
cylamine preparation. 

RESULTS 

Tlie results of a series of experiments in which 
dihydrostreptomycin, streptomycin and different 
preparations of the N-substituted straight chain 
alkylstreptomycylamine derivatives were first sub- 
jected to paper chromatography and then tested 
against E. coli E 158 are given in Table I. 

From the table it is apparent that streptomycin 
and dihvdrostreptomycin cause zones of growth 
of E. coll E 158, when the agar contains 10 y/ml of 
streptomycin. At a level of 100 y/ml of strepto- 
nwein the background growth was quite heav}'', 
thus ob.scuring zones of growth caused by these 
two substances. 
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Rake (8) has also reported that organisms 
which require streptomycin for growth can also 
use dihydrostreptomycin for the same purpose. 

It is also evident from Table I that in the pres- 
ence of 10 y of streptomycin per ml of agar, N-n- 


TABLE I 

The effect of streptomycin and its derivatives on E. coli 
E158, seeded into agar containing streptomycin 
G — indicates a zone of growth seen against the back- 
ground bacterial growth. I — represents a zone of inhi- 
bition. N — represents neither a zone of growth nor of 
inhibition. 


Site of application 
of test sample 


Zone of growth due 
to residual strepto- 
mycin in preparation 

Rp- - 0.25 


Zone of inhibition 
due to N-n-hexyl- 
streptonycylamine 

Rp ■ 0.77 


Solvent front 



Img. 1. Scur.M.wic Di.\gr.\m of Locus of .\ Cimo- 


M. \ TOC, RAM ON AN .-\r.AR Pi. ATE SEEnEI) WITH StREI’TO- 
MVCIN-DEI'EN-nENT STRAIN E. ccti E 15S 
The more widely sp.nced di.Tgon.Tl line.* represent the 
lighter hnckgroiind h.Tctcrial growth c.Tused hy the pres- 
ence of 10 T of streptomycin per ml of ngar. The chro- 
nutogr.Tin was ilevelopcd for IS hours on Whatman Xo. 
1 liapcr n<inc as a solvent wet hntanol-’';!- jiipcriilinc- 
dfi p-tohienesnllnnic acid. 



Zones found 

Substance studied* 

Amount of 

Streptomycin 


in agar 


10 T per nil 

100 per ml 

1 

Streptomycin 

G 

N 

Dihydrostreptomycin 

G 

N 

N -n-propyls t rep tom 3 'cy la m i ne 

N 

N 

N-n-buti’lstreptomycylamine 

I 

N 

N-n-hexylstreptomycylamine 

I 

I.Nt 

N-n-octylstreptomj'Cj’lamine 

I 

I 

N-n-decj'lstreptomycj'lamine 

I 

I 

N-n-dodec>’lstreptomycylamine 

I 



* 10-microliter samples of 1-6% solutions of the various 
preparations were chromatographed on Whatman No. 1 or 
No. 4 paper for 18 hours using butanoI-2% piperidine-2% 
p-toluenesulfonic acid as the developing solvent. 

t The N-n-he.xyl derivative in one experiment caused a 
hazy zone of inhibition. In a second experiment it caused 
no zone. 

propylstreptomycylamine did not cause a zone of 
growth or of inhibition. The N-n-butyl derivative 
and higher homologues caused zones of inhibition. 
In the presence of 100 y of streptomycin per ml of 
agar, the N-n-propyl and N-n-butyl derivatives 
caused no zones of inhibition whereas the higher 
homologues did so. The N-n-hexyl derivative ap- 
pears to be a borderline case; in one experiment 
a zone of inhibition hazy in character was observed 
whereas in a second experiment no zone of inhi- 
bition was observed. 

From these findings for the streptomycin-de- 
pendent E. coli E 158, there would appear to be 
an interesting metabolite-antimetabolite relation- 
ship between streptomycin and various X-sub.sti- 
tuted streptomycylaminc derivatives which is .<ome 
function of the length of the substituent side chain. 

The aliove studies have been extended to a 
strc])tomycin-dej)cndent strain oi S. anrciis. Start- 
ing with S. atircus SM, there was isolated an 
organism which grew readily in broth containing 
1000 y/nil of streiitomycin. The culture wa^ found 
to contain organisms wliich reijuired >trei)to:invin 
tor growth. It was [Kxs-ible hv .-ubcuhure in 
.>-trcptomycin-free media to obtain organi-ms whirb 
grew in the ab-ence of and vere r<--i'tan: to 
streptomycin. 





1 Z 3 


Fir., 3. Loci of CiiKOM.\Tor,R.\MS on Ao.vk Pi..\tk Sekdko ^suII Hu.iii.v 
Strei'Tomvci.v-Resist.xnt Str.mn or S. tiiircus 
A ]0-niicroIitcr snniple of a 3^ Fohitiim of c.ncli {ircparntion oas c!tro- 
niato.cniplictl 18 hours at nxini temperature usiiic ^u■t n-but,T!;al-2^'f pi!K.’ri- 
liiiic-iCr p-to!ueoesuIfonic acid as the des-e!opiiic, solvent: Strip 1. \'-n- 
propylftreptoiiiycylamine prejoration on Whatman Xo. 4 paje.r; Strip 2, 
\-n-l)uiylstreptomycyIamine preparation on Whatnum X< 1 . ! paj-er; Strip 3. 
X-n-lKxylstreptomycylamine preparation on Wh.atman X(>. J paj^rr t *rc 
text for difrufsion of result,'). 
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TABLE II 

The effect of slreplomycin arid its derivatives on a mixed 
culture of S. aureus containing both streptomycin- 
dependent and -resistant strains of bacteria 
G — indicates a zone of growth seen against the back- 
ground bacterial growth. I— represents a zone of inhi- 
bition. 30 7 per ml of streptomycin was included in the 

Substance studied* 


Streptomycin 

Dihydrostreptoinycin 

N-n-propylstreptomycylamine 

N-n-butylstreptomycy!amine 

N-n-he.wlstreptomycylamine 

N-n-octylstreptomycylamine 

N-n-decylstreptomycylamine 

N-n-dodecylstreptomycylamine 


G 

G 

G 

G 

G 

1 

I 

I 


* lO-microliter samples of 1-6% solutions of the various 
nrcparations were chromatographed on Whatman No. 1 or 
No‘^4 paper for 18 hours at room temperature using 
butanol-2% piperidine-2% p-toluenesulfomc acid as the 
developing solvent. 


It is therefore likely that the culture containing 
the streptomycin-dependent organisms also con- 
tained a resistant strain as well. Using this mixed 
culture seeded into agar containing 30 y/ml of 
streptomycin to promote the background growdi 
of the dependent strain, the results recorded in 
Table II were obtained in a manner similar to 
that described earlier for E. coli E 158. Inspec- 
tion of the data shows that streptomycin, dihydro- 
streptomvein and the shorter chain streptomycyl 
amine derivatives up to hexyl caused zones of 
growth. The longer chain length derivatives 

caused zones of inhibition. 

It is interesting to compare these results for a 
stvcptomvcin-dependent strain of 5'. (iiiicus \\ith 
those obtained for E. colt E 158. It will be re- 
called that in the case of E. coli the N-n-propyl- 
streptomycylamine derivative caused neither a 
zone of growth or of inhibition. On the other 
hand the streptomycin-dependent strain of N. 
atirctts can utilize not only the N-n-propyl deriva- 
tive for growth but the X-n-butyl and N-n-hexyl 
derivatiiTS as well, both of which two latter de- 
rivatives inhibit E. coli E 158. 

It would therefore appear that there are differ- 
ences of major importance Iietween different 
streplomwin-depeiulent t>rganisms with regard 
ti> iheir response U' streptomycylamine deri\ati\ts. 

In the light of the above fm<lings it was of in- 
tere.vt to extend tlie>e studies to a streptomycin- 
re-'i'-ta.ni orcani-m. It i^ well known that an or- 
ca.nism re.'i-tant to >treptoin}'cin i> al.-o resi.‘'tant 
to d.ihvdro-treptotnycin. It wa- anticipated that 


some streptom}fcin-resistant bacteria might be 
sensitive to various members of the N-substituted 
streptomycylamine family of antibiotics. Such 
appears to be the case for at least one highly strep- 
tomycin-resistant strain of N. aureus. 

Preparations of N-n-propyl-, N-n-butyl- and 
N-n-hexylstreptom}''cylamine were first tested, us- 
ing the paper chromatographic technique, against 
the parent strain S. aureus H from which a highly 
streptomycin-resistant strain was derived. The 
results of this experiment appear in Figure 2. 

Inspection of Figure 2 reveals that the N-n- 
propyl preparation contained the faster moving 
derivative itself, some dihydrostreptoinycin, and 
two slow moving antibiotics of unknown structure 
which formed a curious doublet zone of inhibition. 
The zones of inhibition appear somewhat smeared ; 
this was probably due to the use of Whatman No. 

4 paper, a chromatographically veiry fast paper. 

Figure 2 also reveals that the N-n-butylstrepto- 
mycylamine preparation, chromatographed on the 
slower Whatman No. 1 paper, exhibited a zone 
due to the fast moving N-n-butyl derivative itself 
as well as two small zones of inhibition due to cli- 
hydrostreptomycin (the slowest antibiotic in the 
preparation) and streptomycin. 

Chromatographic analyses of the N-n-hexyl- 
streptomycylamine preparation used in this ex- 
periment reveal in Figure 2 that the particular 
preparation used contained only a trace of the fast 
moving N-n-hexyl derivative itself. The main 
zone of inhibition observed in Figure 2 for this 
preparation is due to streptomycin itself. The 
N-n-hexyl preparation therefore merely serves to 
provide streptomycin as a control substance in the 
plate chromatographic test of Figure 2. 

In Figure 3 are shown the results of chromato- 
graphing identical amounts of the N-n-propyl, N-n- 
butyl. N-n-hexylstreptomycylamine preparations 
studied in Figure 2, using a highly streptomycin- 
resistant strain of S. aureus derived from S. aureus 
H as the test organism. From the figure it is evi- 
dent that only the N-n-propyl- and N-n-butyl- 
streptomycylamine derivatives caused readily visi- 
ble zones of inhibition. If one e.xamines the chro- 
matogram of the N-n-hexyl preparation, the large 
residual streptomycin zone present in Figure 2 
for the parent S. aureus H is now completely 
absent for tiie bigiily resistant daughter strain of 
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S. aureus derived from H. ,A trace zone due to 
the N-hexyl derivative itself can be seen on care- 
ful inspection of Figure 3 at about the same point 
as in Figure 2. In a separate experiment a sec- 
ond preparation of N-n-hexylstreptomycylamine 
containing a larger amount of the derivative as is 
evident in Figure 1 caused a larger zone of inhibi- 
tion at a comparable point on the chromatogram. 
The zone was present when either 5'. aureus H or 
its streptomycin-resistant offspring was used as 
the test organism. 

In still other experiments the N-n-octyl- and the 
N-n-decylstreptomycylamine derivatives caused 
zones of inhibition when using the resistant 5". 
aureus as the test organism. These zones however 
were turbid or hazy, suggesting merely a retarded 
growth of the organism rather than complete in- 
hibition. 

The findings in Figure 3, wherein a highly 
streptomycin-resistant strain of S. aureus was in- 
hibited by the N-n-propyl and the N-n-butyl de- 
rivatives, were confirmed in serial dilution tube as- 
says. Whereas the resistant strain derived from 
5. aureus H was not inhibited by as much as 
10,000 y per ml of streptomycin, it was completely 
inhibited in a 24 hour test by 5 y per ml of the 
N-n-propyl derivative or 4 y per ml of the N-n- 
butyl derivative. 25 y per ml of tiie N-n-decyl 
derivative were needed for inhibition while the 
N-n-octyl derivative failed to inhibit as 100 y per 
ml (the highest amount tried). S. aureus H itself 
was inhibited by 1 y per ml of streptomycin, 16 y 
per ml (or less) of the N-n-propyl derivative and 
63 y per ml of the N-n-butyl derivative, 

DISCUSSION 

The above findings suggest that it may be pos- 
silile to obtain N-substituted strcptomycylamine 
derivatives which are active against streptomycin- 
resistant strains of bacteria. The results indicate 
however that a derivative active against one strep- 
tomycin-resistant organism may not lie active 
against another. This is based on tlic findings 
reported earlier in tliis paper where the N-n-butvl 
derivative could be used for growth by one strep- 
tomycin-dependent organism (an S. (JarcJor). but 
c.aused inhibition of another strejitomycin-depend- 


ent strain {E. coU E 158) by antagonizing the 
growth promoting influence of streptomycin. 

The results reported in this paper suggest that 
it may be possible to obtain a particular strepto- 
mycin derivative active against a particular strep- 
tomycin-resistant strain of bacteria. Further stud- 
ies along this line will be reported at a later date. 

SUMMARY 

1. A streptomycin-dependent strain of E. coli 
was inhibited b)' various members of an homolo- 
gous series of N-substituted alkyl streptomycyl- 
amines, in the presence of streptomycin. 

2. A streptom 3 ''cin-dependent strain of S. aureus 
was found capable of using N-n-propyd-, N-n- 
butyl-, and N-n-hexy]streptojnycylamine for 
growth, replacing the need for streptomycin. 
Higher homologues inhibited the growth of the 
organism in the presence of streptomycin. 

3. A streptomycin-resistant strain of S. aureus 
was inhibited markedly by N-n-propylstreptomy- 
cylamine, N-n-buty!streptomycylamine, and N-n- 
decylstreptomycylamine. 
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THE DEVELOPMENT OF RESISTANCE OF SALMONELLA TYPHOSA 
TO THE FATTY ACID SALTS OF STREPTOMYCIN 
AND DIHYDROSTREPTO:\IYCIN ^ 

By henry welch, HENRY FISCHBACH, C. W. PRICE, axd C. H. SHAFFER 
(From ihe Federal Seeurity Agency, Food and Drug Administration, Washington, D. C.) 


Since the discovery of streptomycin by M'aksman 
( 1 ) there have been two major problems involved 
in its clinical use. Streptomycin was shown early 
to be inherently toxic, causing eighth-nerve dam- 
age in relatively low doses, particularly when given 
over a long period of time. In addition, all organ- 
isms sensitive to streptomycin have been shown to 
develop resistance to it rapidly, and the resistance 
is not only demonstrable in vitro but in vivo as well. 
The development of dihydrostreptomycin has 
partially answered the problem concerning strepto- 
mycin toxicity; however, organisms become re- 
sistant to dilwdrostreptoim-cin with the same fa- 
cility and to a simliar degree. In the present 
study, an attempt has been made to develop salts 
of streptomycin and dihydrostreptomycin to which 
organisms either do not develop a resistance or 
develop resistance less readily than they do to the 
salts now available. 

It has been known for some time that fatty acids 
or derivatives of fatty acids may influence mark- 
edly the development and severity of experimental 
tuberculosis in animals. Negre. Berthelot. and 
Bretev (2) were able to retard the appearance of 
tuberculosis lesions in guinea pigs by the in- 
jection of the ethyl esters of a series of fatty acids. 
Recently. Hedgecock (3) has reported that the 
oral administration of a diet containing the total 
fatty acids of cocoanuts also retarded the develop- 
ment of experimental tuberculosis in animals. 
Some fats and fatty acids, on the other hand, may 
enhance the development of experimental tuber- 
culosis in animals. Since streptomycin is a base 
and has tiie ability to combine with fatty acids, it 
was thought worthwhile to make compounds of 
this nature for te.st puqioses. 

The fatty acid salt? studied, the caprylate. undecyl- 
enntc. and proprionate salts of both streptomycin and 

* Presentc<l at the Second National Symposium on 
Recent .\dvanccs in -Vntibiotics Research held in Wash- 
imeton. D. C.. .\pri! 11-12. 1949. under tb.e auspices of the 
Av.tib-.'tio Study Sectirm, National Institutes of Health, 
I’n'.’ic Hcn'th Service, Fesivral Security .-\eency. 


diht’drostreptomycin were prepared by electrodialyzing 
the sulfates or hydrochlorides to the corresponding bases 
(4). The streptomycin base collected at the cathode was 
then titrated to a pH of 6.5-7 with the respective fatty 
acid. For the more insoluble fatty acids this titration 
was accomplished bj' the addition of a few drops of 
ethanol followed by slow addition of the fatty acid with 
periodic agitation in a high speed Waring Blendor as the 
desired pH was approached. The material was finally 
filtered to remove excess streptomj-cin fatty acid salt, 
leaving a saturated filtrate. 

The fatty acid salts prepared by this method 
were tested for inhibition of the growth of 56 spe- 
cies of bacteria representing 17 genera. Included 
as controls were streptomycin calcium chloride 
complex and dihydrostreptomycin sulfate. The 
medium used was yeast beef broth (Difeo). The 
ranges of the minimal inhibitory concentrations for 
the species in the various genera are tabulated in 
Table 1. It can be readily seen that, as previously 
reported by Rake ct ah (5), various members of 
the genus Salmonella are more resistant to dihy- 
drostreptomycin than to streptomycin. The spe- 
cies of mycobacteria tested, smegmatis. phlei. and 
avian, all show a high sensitivity to the salts un- 
der study. In some of the genera there exists a 
wide variation in the sensitivity of the individual 
species to tlie same salt. It is apparent also that 
there is a considerable but less marked difference 
in the sensitivity of the same species to the differ- 
ent compounds. These differences indicate that 
the anionic portion of the molecule may affect ma- 
terially the activity of streptomycin and dihydro- 
streptomycin against certain strains of bacteria. 
This is strikingly shown in the next experiment 
in which all eight salts were tested for their ability 
to prevent the increase in resistance of a strain of 
N. typliosa shown by previous studies (6) to have 
the ability of rapidly increasing in resistance to 
streptomycin. Serial dilutions of the eight salts 
were made in standard methods broth, pH 7.8 to 
8. All dilutions were then inoculated with stand- 
ard methods broth containing 1% of a 24-hour 
broth culture of S. fypliosa. These were then in- 
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TABLE I 


STREPTOMYCIN C0MPC3UNDS; RANGE OF CONCENTRATION IN Mcg/ml. NECESSARY 
TO INHIBIT VARIOUS MICRO-ORGANISMS 


GENUS 

NO. 

S 

IREPTO 

\4YCIN 



DIHYD 

ROSTRE 

PTOMYC 

N 

MYCOBACTERIA 

3 

.04^.15 

.15-37 

.08-15 

.08-37 


.15 -.'37 

.08-15 

.08-37 

.15-37 

CORYNOBACTERIUM 

NEISSERIA 

BACILLI 

1 

1 

12 

.75 

.75 

.15-250 

.08 

.75 

37-200 

.08 

.75 

.15-100 

.15 

37 

.75-50 


37 

37 

.75-250 

.15 

.75 

.37-100 

625 

.75 

■15-iOO 

37 

.75 

.37-100 

AEROBACTOR 

ESCHERICHIA 

SALMONELLA 

SHIGELLA 

1 

4 

7 

1 

12.5 

25 

25-100 

12.5 

6.25 

25 

25-100 

625 

3.12 

25 

25-100 

12.5 

25 

12.5-25 

25-100 

12.5 


625 

25-50 

200-40C 

125 

25 

25 

150-400 

12.5 

3.12 

12.5-25 

50-200 

6.25 

12.5 

12.5-25 

100-400 

12.5 

STREPTOCOCCUS 

MICROCOCCUS 

KLEBSIELLA 

2 

7 

P 

62-125 
6.25-50 
.15- 15 

125-100 

125-25 

.75-12.5 

125-100 

1.5-50 

.75-25 

6.2-200 

1.5-50 

.37-25 


1.5-125 

3.12-50 

15-7.5 

125-100 

75-50 

1.5-12.5 

12.5-100 

.75-50 

25-200 

.75-100 

.75-12.5 

PSEUDOMONAS 

SARCINA 

SERRATIA 

2 

2 

3 

100 

,37-1.5 

31.2-500 

100 

.04-.75 

12.5-100 

100 

.37-.75 

12.5-50 

100 

.37-3.12 

50-200 


100-200 

.15-1.5 

P50-500 

100 

.15 

625-200 

100 

08-3.12 

,I25-20C 

100 

.15-1.5 

(25-^. 

BRUCELLA 

LEUCONOSTOC 

CLOSTRIDIUM 

2 

1 

4 

.75-100 

3.12 

50-250 

.75-100 

3.12 

50-200 

.75-100 

3.12 

50-200 

.75-200 

.75 

50-200 


.75-200 

125 

31.2-250 

.37-200 

3.12 

100 

37-200 

3.12 

25-100 

.75-200 

.75 

25-200 


cubated ovgmight at and the tube containing 
the largest concentration of the salt which showed 
growth was used as the inoculum for the next 
series of dilutions. This was continued for 22 
transfers. In Table II is shown the initial sensi- 
tivity of S. iyphosa to the eight salts, and the 
sensitivity obtained on the 22nd transfer. 

It can be seen that the strain of S. typhosa used 
in these studies increased in resistance to strepto- 
mycin calcium chloride complex and to dihydro- 
streptomycin sulfate to a far greater extent than 
to the fatty acid salts used. The increase in re- 
sistance to streptomycin caprylate and undecyle- 
nate was less than with any of the other salts 
tested. 

In order to determine the specificity of the re- 
sistance developed, the strains of 5". typhosa made 
resistant to the fatty acid salts of streptomycin and 
to streptomycin calcium cliloride complex were 
tested for their resistance to each of the other 
salts. For comparative purposes, streptomycin 
sulfate and streptomycin hydrochloride were in- 
cluded. The results are shown in Table III. 

It will be noted that when a strain of S', typhosa 
is made resistant to 5000 /ig/ml of the calcium 
chloride complex salt of streptomycin, its resist- 
ance to the fatty acid salts was found to be con- 
siderably less. In the case of the undccylenatc and 
caprylate salts, this resistance was less than 103 


/ug/ml. The propionate salt, which incidentally is 
the most soluble of the three fatty acid salts studied, 
caused inhibition of growth of S. typhosa at a con- 
centration of 187 /ig/ml, a somewhat higher level. 
It was necessary, however, to utilize 625 /ig/ml 
of streptomycin sulfate and 5000 /ig/ml of the 
streptomycin hydrochloride to cause inhibition of 
S. typhosa which had been made resistant to 5000 
;jg/ml of the calcium chloride complex salt of 
streptomycin. Except in the case of the propionate 
salt, whenever 5”. typhosa was made resistant to 

TABLE II 

Increase in resistance of S. Typhosa to Fatly acid salts 
of streptomycin and dihydrostreptomycin 


Minimum Inhibition cone, in »iR/mI* 


Streptomycin salt j 

Initial 

After 22 
transfer* 

Increared 

resistance 

ratio 

Caprydate 

0.07 

25 

356 

Propionate 

0.07 

531 ! 

7,600 

Undcc\'lenate 

0.07 

62 ! 

900 

CaCl, 

0.07 

5.000 1 

71,000 

Dihydro- 


— 1 

After 22 
tranifen 

InrrratecJ 

itreptomycin 

tail 

Initial 

fetljtancr 

ratio 

Caprylate 

0.62 

625 

1.000 

Propionate 

Undccvicnate 

0.62 

1,500 

2,420 

0.31 

*^37 

700 

Sulfate 

0.62 

S.OCK) 

8.000 


•Standard Methods B.-oth pH 7.8-6 uted throur.htrat. 
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TABLE ni 


EFFECT OF STREPTOMYCIN SALTS ON RESISTANT S. TYPHOSA 


STREPTOMYCIN 
SALT EMPLOYED 

MINIMUM CO^ 
INHIBIT SALM 

ICENTRATION IN Mcg/ml. NECESSARY TO 
ONELLA TYPHOSA MADE RESISTANT TO'- 


SOOOmcgAnl. 
CoClz COMPLEX 

SOmcg/ml. 

UNDECYLENATE 

80mcg/ml. 

CAPRYLATE 

400 mcg/ml. 


PROPIONATE 

OaCIi COMPLEX 


625 

625 

312 

UNDECYLENATE 

62 


31 

62 

CAPRYLATE 

94 

78 


312 

PROPIONATE 

187 

110 

no 


SULFATE 

625 

312 

312 

312 

HYDROCHLORIDE 

5000 

625 

625 

312 


the fatty acid salts these organisms were always 
found to be considerably more resistant to the 
streptomycin salts commercially available. It is 
of interest that an organism made resistant to 
5000 ftg/ml of the calcium chloride complex salt 
of streptomycin, although showing the same re- 
sistance to streptomycin hydrochloride, was found 
to have a resistance to only 625 /ig/ml of strepto- 
mycin sulfate. These results, coupled with those 
obtained with the fatty acid salts, support the con- 
clusion that the anionic portion of the streptomy- 
cin and dihydrostreptomycin molecules may mark- 
edly influence the development of resistance of 
organisms to these drugs. 

In order to determine the acute intravenous 
toxicity of the six fatty acid salts under study. 


TABLE IV 

Aciilf iv.lravenous toxicity of various salts 
of streptomycin and dihydrostreptomycin 


*,iU 

LD50 
pS/20 cm 
mou-e 

Solubility 
in 11:0 

C.ilciutn chloride complex 


rt[/rr.l 

Very" soluble 

C.tprvl ite 

1720 

8.8 


1860 

2.5 

rropio.'iUe j 

2025 

Verj' soluble 

D tj!: 

i 

2700 

Verv soluble 

C.sp-.'Ue 

1020 

S.S 

5',. 

2010 

2.5 


2oy) 

\ cry f.oluble 


• N;’ - - 4, 

• I * . ! * * ...» ^ I 


the LD50 of each was determined in 20-gm. mice. 
For control purposes, the calcium chloride com- 
plex salts of streptomycin and dihydrostreptomycin 
sulfate were similarly tested. The results and also 
solubility data are tabulated in Table IV where it 
will be noted that the fatty acid salts of strepto- 
mycin are all of the same order of toxicity, ap- 
proximately 1700-2000 iJcg/20-gm. mouse, in con- 
trast to 3350 /ig/20-gm. mouse for the calcium 
chloride complex salt. Similar figures (approxi- 
mately 2000 fxg/20-gm. mouse) were obtained 
for the caprylate and undecylenate salts of dihy- 
drostreptomycin, while the toxicity of propionate 
salt of dihydrostreptomycin was of the same order 
of toxicity as dihydrostreptomycin sulfate. 

DISCUSSION 

It is apparent from the present study that the 
bacterial spectra of the fatty acid salts of strepto- 
mycin and dihydrostreptomycin are approximately 
the same as those for the presently available com- 
mercial salts of these drugs. The genera of those 
organisms susceptible to the commercially available 
salts were found to be equally susceptible to the 
fatty acid salts of streptomycin and dihydrostrepto- 
mycin, respectively. The individual species of bac- 
teria which were found to have a low resistance 
to the commercially available streptomycin were 
found to have a similar lorv resistance to the fatty 
acid salts of this drug. Those found to have a 
high resistance to commercially available strepto- 
mycin {c.g. Salmonella) v/ere found to have a 
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similar resistance to the fatty acid salts of strep- 
tomycin. A similar pattern was demonstrated 
with dihydrostreptomycin sulfate and the fatty acid 
salts of dihydrostreptomycin. 

When attempts were made to demonstrate the 
increase in resistance of a strain of S. typhosa to 
the fatty acid salts of streptomycin and dihydro- 
streptomycin, using as controls the calcium chlo- 
ride complex salt of streptomycin and dihydro- 
streptoraycin sulfate, it was quite obvious that this 
organism developed resistance to a considerably 
less degree to the fatty acid salts than to the com- 
mercially available salts of streptomycin and di- 
hydrostreptomycin. 

Studies of resistant strains of S. typhosa de- 
veloped through growth in increasing concentra- 
tions of the various salts of streptomycin indicate 
that the resistance developed is specific to a cer- 
tain degree. A strain of S. typhosa made resistant 
to 5000 ;jg/ml of the calcium chloride complex 
salt of streptomycin, although having the same 
resistance to streptomycin hydrochloride, had only 
one-eighth as much resistance to streptomycin sul- 
fate, less than one-fiftieth the resistance to the 
caprylate and undecylenate salts of streptomycin, 
and approximately one-tAventy-fifth the resistance 
to the propionate salt. Twenty-two transfers of 
S. typhosa in increasing concentrations of the un- 
decylenate, caprylate, and propionate salts of 
streptomycin resulted in the development of resist- 
ance of 30 fig/ml, 80 ftg/ml and 400 jig/ml, re- 
spectively, indicating that the resistance of S. ty- 
phosa to these salts develops with some difficulty 
as compared to the resistance developed by this 
organism when grown in increasing concentra- 
tions of the calcium chloride complex salt of strep- 
tomycin. It should be pointed out also that when 
•S', typhosa is made resistant to the undecylenate 
and caprylate salts of streptomycin, the resistance 
developed concomitantly to the streptomycin salts 
commercially available is considerably greater. 
Thus, a strain of S. typhosa made resistant to 30 
fig/ml of the undecylenate salt of streptomycin 
was found to be resistant to from 312 to 625 ftg/ 
ml of streptomycin sulfate, streptomycin hydro- 
chloride, and the calcium chloride complex salt of 
streptomycin. Since in these studies an intensive 
effort was made to increase the resistance of a 
strain of S. typhosa to the various streptomycin 


salts utilized, it is quite possible that under ordi- 
nary conditions little or no resistance would de- 
velop to the fatty acid salts. The results of these 
studies indicate the preparation of new strepto- 
mycin and dihydrostreptomycin compounds might 
well lead to the finding of drugs with improved 
usefulness. The fatty acid salts are being tested 
for their effect on experimental infections in ani- 
mals and for their inhibitory action against tubercle 
bacilli isolated from cases treated with commer- 
cially available salts of streptomycin and dihydro- 
streptomycin. 

It is apparent from the acute toxicity studies of 
the fatty acid salts of streptomycin and dihydro- 
streptomycin that the fatty acid salts of strepto- 
mycin have approximately twice the acute toxicity 
of the calcium chloride complex salt of strepto- 
mycin, while the propionate salt of dihydrostrep- 
tomycin has approximately the same toxicity as 
dihydrostreptomycin sulfate, and the caprylate 
and undecylenate salts of dihydrostreptomycin 
have only a slightly greater toxicity than dihydro- 
streptomycin sulfate. It should be pointed out 
that some difficulty was encountered in determin- 
ing the acute intravenous toxicity because of the 
insolubility of the caprylate and undecylenate salts 
of both streptomycin and dihydrostreptomycin. 

SUMMARY AND CONCLUSIONS 

1. The bacterial spectra of the fatty acid salts 
of streptomycin and dihydrostreptomycin are ap- 
proximately the same as that of tlie streptomycin 
and dihydrostreptomycin salts commercially avail- 
able. 

2. S. typhosa develops resistance to the fatty 
acid salts of streptomycin and dihydrostrcptomycin 
at a slower rate and to a considerably less degree 
than to the commercially aA-ailable salts of these 
drugs, 

3. When S. typhosa is made resistant to high 
concentrations of the calcium chloride complex 
salt of streptomycin, this organism has relatively 
low resistance to the fatty acid salts of strepto- 
mycin, and, conversely, when S. typhosa is made 
resistant to relatively low concentrations of the 
fatty acid salts of streptomycin, this organism h.as 
a relatively high resistance to tr.e commerdally 
aA’ailablc salts of streptomycin. 
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4. The anionic portion of the streptomycin and 
dihydrostreptomycin molecules markedly affects 
the ability of an organism to develop resistance to 
these drugs, 

5. The fatty acid salts of streptomycin studied 
are from 1.5 to 2.0 times as toxic as the calcium 
chloride complex salt of streptomycin when tested 
intravenously in mice, while the fatty acid salts 
of dihydrostreptomycin are of approximately the 
same order of toxicity as dihydrostreptomycin 
sulfate. 
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THE EFFECTS OF NORMAL HORSE SERUM ON THE IN VITRO 
' ACTIVITY OF TYROTHRICIN ^ 

By ROBERT J. REEDY and STANLEY W. WOLFSON 
(From the Food and Drug Administration, Federal Security Agency, Washington, D. C.) 


Tyrothricin, discovered by Dubos, is an anti- 
biotic product of Bacillus brevis. Its antibacterial 
action against a wide variety of Gram-positive or- 
ganisms can be demonstrated by both in vitro and 
in vivo tests. As a therapeutic agent, it has been 
restricted to topical use because of its inherent 
toxicity on parenteral administration. 

Tyrothricin is composed of two fractions, gram- 
icidin and tyrocidine. Except in relatively large 
amounts tyrocidine has little or no activity against 
most of the Gram-positive bacteria. On the other 
hand, gramicidin in very minute amounts exerts 
a marked antibacterial activity against many of 
these organisms, and is therefore largely respon- 
sible for the major activity of tyrothricin. 

As tyrothricin is used in the form of ointments, 
emulsions, troches, etc. for topical therapy, and as 
there is some controversy in the literature concern- 
ing the effect of serum on the bacteriostatic effi- 
cacy of this antibiotic, it seemed desirable to in- 
vestigate the extent of its reduced activity, if any, 
in the presence of serum. Dubos (1) stated that 
the effect of gramicidin is inhibited “only to a small 
extent by serum, tissue exudates or peptones.” 
Ramm'elkamp (2), however, noted that serum, 
exudates and feces markedly inhibit the activity 
of tyrothricin, and that approximately 100 times 
the amount of this antibiotic was required to ex- 
ert an anti-streptococcal activity in their presence. 
Hotchkiss (3) reported that gramicidin is mildly 
inhibited by the presence of serum, but that tyro- 
cidinc possesses little activity in its presence. 
Henderson (4) noted that gramicidin, in contrast 
to tyrocidine, is not affected by soluble protdns, 
such as serum albumin, “in any concentration,” 
in fact “its activity seems enhanced by serum al- 
bumin," a statement he attributes to Dubos. 

' Presented at the Second National Symposium on 
Recent Advances in Antibiotics Research held in Wash- 
ington, D. C., .4rril 11-12, 19t9, under the auspices of the 
.•\ntibiotics Study Section. N.nional Institutes of Health, 
Public He.-iUh Seivice, Federal Security Agency, 


METHODS 

In our tests, two organisms and three media were 
employed. The organisms were Streptococcus fecaJis 
(M-19) and Micrococcus pyogenes var. aureus (F.D.A. 
No. 209). The fecal streptococcus was selected for its 
high degree of sensitivity to this antibiotic, and S. aureus 
for its prevalence in skin lesions. Three broth media 
chosen for their different nutritive qualities were used: 
Edamin (O.S^fc), Bacto Peptone (1.0%), and Bacto 
Brain Heart Infusion (3.7%). Cultures in these media 
incubated at 37° C. were transferred daily, and 1% sus- 
pensions utilized in the assay inoculum. The method 
used for testing the sensitivity of the organisms to ty- 
rothricin was a decimal dilution technic- where varying 
amounts of an alcoholic solution of tyrothricin were 
brought into direct contact with the organisms suspended 
in the assay broths. Bacteriostatic endpoints were deter- 
mined by visual inspection of the tubes for presence or 
absence of growth. The tyrothricin used was the ac- 
cepted standard composed of a mixture of 80% crystalline 
tyrocidine hydrochloride and 20% crystalline gramicidin 
in a concentration of S mgms, per ml,, dissolved in 95% 
ethyl alcohol. In the assay, the volume of alcohol never 
exceeded 02 ml. per 5 ml. of broth to eliminate the possi- 
bility of alcohol affecting the growth of the organisms. 
All titrations were made in triplicate. In certain in- 
stances, where high concentrations of tyrothricin were 
employed with the fecal streptococcus in the presence of 
5% serum, the endpoints could not be determined with 
any degree of accuracy because of the presence of a pre- 
cipitate. In such cases the endpoint was determined by 
the use of a brom thymol blue indicator, growth being 
indicated by an alkaline reaction. When it became nec- 
essary to determine bacteriostasis with the staphylococcus 
under the same conditions, a nitrate reduction mctliod 
(5) was employed, growth being indicated by a positive 
color reaction for nitrite. 

RESULTS 

Figure I illustrates the minimal inhibitor)' con- 
centrations of tyrothricin required for the two 
organisms in the three media with and without 
scrum. It can be noted that in the absence of 
scrum the amounts of tyrothricin necessary to 
cause complete inhibition of S. fccclis were 0.01 
microgram when Edamin was employed, and 0.1 
microgram when both Bacto Peptone and Bacto 

-This information sviii be pubiithed i.". the rear future. 
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INFLUENCE OF SERUM ON THE BACTERIOSTATIC 
ENDPOINTS OF TYROTHRICIN 



FiC. 1. IlCFLUENCX OF SeRUM ON THE BACTERIOSTATIC EnDPOINTS OF TyROTHRICIN 


Brain Mcart Infusion broths were used. Upon 
the addition of nomial horse serum to the 
Kdaniin broth, it was necessary to use 1,000 times 
(lO.O micro^rams) as much tyrothricin to pro- 
duce the same degree of hactcriostasis. When 
serinn v.a^ atkled to Bacto Peptone, the amount of 
tvrotiiricin necessary to produce the same degree 
a: hactcriu'ta'^i^ was increased 250 fold (25.0 mi- 
cr>.'grarn<). A increase in the amount of 

tvrot’-.ricin was rtajuire 1 to produce hactcriostasis 
in. th.e rre'cnce of serum wit!’, th.e Bacto Brain 
lirar: Infu'i ’n brut!: t'-t.O ir.icn'grams) . A.s will 


be noted in Figure 1, the staphylococcus proved 
to be approximately 150 times more resistant to 
the action of tyrothricin than the fecal streptococ- 
cus. In spite of this, however, the addition of 
scrum markedly increased the amount of tyro- 
thricin necessary to produce hactcriostasis. 

Both cr>’stalline gramicidin and crystalline tyro- 
cidine have been tested for their bacteriostatic 
activity in Edamin broth with and without 5% 
serum. The streptococcus was inhibited by 20.0 
micrograms of tyrocidine in the absence of serum 
while 200 micrograms were required when serum 
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was present. On testing the gramicidin fraction 
with this organism 0.002 microgram was found to 
be necessary to achieve bacteriostasis in the ab- 
sence of serum. In its presence, the streptococcus 
required 2.0 micrograms. Unusual results were 
obtained when the staphylococcus was tested with 
tyrocidine. It was found that this fraction was 
not inhibited by the presence of serum at a con- 
centration of 300 micrograms or more. This 
amount of tyrocidine was the minimum amount 
necessary to produce bacteriostasis in the presence 
and absence of serum. A similar effect was not 
noted for the gramicidin fraction, however, as 0.2 
microgram was required in the absence of serum 
while 80 micrograms were necessary in its pres- 
ence. 

DISCUSSION 

In demonstrating the sensitivity of these organ- 
isms to the components of tyrothricin (gramicidin 
and tyrocidine) it was found that in Edamin broth 
the fecal streptococcus exhibited a susceptibility 
to 0.002 microgram of crystalline gramicidin. Its 
growth was unaffected by 15.0 micrograms of 
crystalline tyrocidine in this medium. The staphy- 
lococcus showed a sensitivity to 0.2 microgram of 
crystalline gramicidin yet resisted 300 micrograms 
of crystalline tyrocidine. Because of the vast dif- 
ferences in sensitivity of these organisms to the 
two components of tyrothricin, any effect of serum 
on this antibiotic can only be demonstrated by its 
action on the gramicidin fraction. Although the 
loss of activity of tyrothricin is attributed to the 
interference with the gramicidin fraction, there is 
some indication, however, that when large con- 
centrations (400 micrograms or more) of tyro- 
thricin are present, the tyrocidine fraction may 
play an important part in antibacterial activity. 
Although, contrary to reports, we have shown 
the activity of gramicidin to be greatl}’ reduced by 


as little as 5% serum, it cannot be definitely stated 
that this is entirely due to the direct effect of serum 
on the gramicidin. From the figures obtained 
there is some evidence that the serum possibly 
supplied an added growth factor that might have 
played a part. Whatever the reason, it is a fact 
that serum does greatly reduce the activity of tyro- 
thricin tested in vitro. It may well be inferred, 
therefore, that in the presence of undiluted serum 
exuding from a trauma, where only a thin film of 
applied tyrothricin is permitted to come into direct 
contact, its antibiotic activity may be reduced to a 
point of minor therapeutic value. 

SUMMARY AND CONCLUSIONS 

It has been shown that the addition of 5% nor- 
mal horse serum markedly reduced the activity of 
tyrothricin. The amount of tyrothricin necessary 
to inhibit the test organisms was markedly in- 
fluenced by the composition of the medium. From 
the data obtained it can be concluded that the 
effective component of tyrothricin is gramicidin. 
Contrary to published reports, we have found that 
in inhibitory concentrations tyrocidine is not af- 
fected by serum when the test organism is 
Staphylococcus aureus. 
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Bboth— pH 7.3 Tryptose Broth — pH 7.3 
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COMPARISON OF THE ACTION OF STREPTOMYCIN, POLYMYXIN 
B AUREOMYCIN AND CHLOROMYCETIN ON H. PERTUSSIS, 
’h. parapertussis, H. influenzae and FIVE ENTERIC 
STRAINS OF GRAM-NEGATIVE BACILLI " 

By HATTIE E. ALEXANDER, GRACE LEIDY, and WINIFRED REDMAN 

(From the Babies Hospital and the Department of Pediatrics, Columbia University College of 

Physicians and Surgeons) 


Our recent investigations (1) suggest that 
knowledge of two factors operating in vitro — speed 
of lethal action on sensitive cells and frequency of 
resistant mutants — offers a reliable basis for pre- 
dicting the therapeutic efficacy of streptomycin 
against eight different species of gram-negative 
bacilli. The data are summarized in Table I. The 
organisms responsible for infections which have 
been successfully treated with streptomycin — H. 
influenzae, B. coli and H. pertussis — ^have a low 
incidence of mutants which resist the action of 
25 meg. (micrograms) and 100 meg. of strepto- 
mycin per c.c. In addition, their sensitive cells 
are killed rapidly by concentrations of streptomy- 
cin safely maintained in body fluids (10 meg. per 
C.C.). On the other hand, in those infections in 
which streptomycin has not been found effective 
therapeutically a concentration of 10 meg. per c.c. is 
not rapidly bactericidal for the sensitive cells, 
and the frequency of mutants resistant to 25 meg. 
of streptomycin per c.c. is relatively high — 10,000 
to 100,000 times the rate of comparable mutants in 
successfully treated infections (Table I). In 
Shigella and H. parapertussis infections, in which 
streptomycin has not been clinically evaluated, one 
would predict success in the former and failure in 
the latter. 

In an effort to improve therapeutic results in 
those infections in which streptomycin has failed 
therapeutically, either uniformly or as a result 
of emergence of resistance, three newer antibiotics 
— pol 3 'myxin B, aureomycin and Chloromycetin — 
have been compared with streptomj'cin in their 

' Presented at the Second National SjTnposium on 
Recent Ad\-anccs in Antibiotics Research held in Wash- 
inRton, D. C., .'\pril 11-12, 19-19, under the auspices of the 
.‘\mibiolics Study Section, Nation.al Institutes of Health, 
Public Health Service, Federal Security Agency. 

- The work reported in this communication was sup- 
ported by grants from Tlie Commonwealth Fund and The 
National Institutes of Hcaltk 


action on the same eight species of gram-negative 
bacilli. 

For this purpose three features of their activity 
have been studied ; 

1. The minimal concentrations of each agent 
needed to prevent growth completely over a 48- 
hour incubation period. A 24-hour period was 
used for aureomycin for most organisms, 

2. The nature of their action on the eight spe- 
cies — ^primarily bacteriostatic or bactericidal — and 
the speed of any lethal action. 

3. Predictable limitation of their therapeutic 
efficacy as a result of emergence of resistance 
and their influence on streptomycin-resistant mu- 
tants. 

I. Minimal effective concentrations 

A simple in vitro test, which provided valuable 
information of streptomycin action on these spe- 
cies, has been used to study the influence of poly- 
myxin B, aureomycin and chloromycetin. This 
procedure determined tlie lowest concentration 
which completely prevented the growth of an 
inoculum of one to ten million organisms on an 
optimal agar medium after 48 hours’ incubation. 
Because of the alleged labilitj' of aureomycin in 
vitro the minimal effective concentration of this 
agent was assessed at 24 hours. 

The results are seen in Table II. It is apparent 
that those organisms which require more than 25 
meg. of streptomycin per c.c. to prevent com- 
pletely growth under the circumstances described 
are the causes of infections which have not been 
treated successfully with streptomycin. Poly- 
myxin B appears to be the most efficient of the four 
agents and ffie broadest in its action. Aureomycin 
and diloromycctin are alx)ut equal in their range 
of action; the growth of each of the eight bacttnal 
species is completely prevented by less titan 25 
meg. per c.c. save for Ps. cerugiv.osz; the majority 
exhibited a high degree of 5d’ sitsvitv 
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TABLE I 




Species 

Iroquenoy of Mutants Resistant 
to Concentrations of Streptonycin 
meg. per c.c. 

Speed of Lethal 
Action 


25 meg. 

100 meg. 

1000 meg. 

10 meg. 100 meg. 


ppr c.c. 

per c.c. 

per c.c. 

per c.c. per c.c. 

H* influenzas 

10-^^ 

lo-n 

lo-n 

2-6 hrs. 10 min. 

H. pertussis 

10-lOto-il 

10-lOto-ll 

i 

0 

O 

1 

O 

H 

4-24 hrs. 2 hrs. 

E. coli 

10-10 

10-10 

10-10 

6 hrs. 1 hr. 

Shigellas 

10"9to^° 

H 

O 

1 

O 

o 

10-10 

4 hrs. 1-2 hrs. 

Salmonellae 

10-6to-7 

10-9 

10-lOto-ll 

0* 2-4 hrs. 

S. typhosa 

10-5to-6 

10-8 

10-lOto-ll 

0 4-24 hrs. 

U. parapertussis 

10-6 

10-8 

10-lOto-ll 

0 ;>24 hrs. 

Ps. aeruginosa 

10-5 to-6 

10-7to-8 

10-10 

0 4 hrs 


» - Not primarily bactericidal 


II. Speed oj lethal action 

Polymyxin B, aureomycin and Chloromycetin 
have been compared with streptomycin in the 
speed of their lethal action on small populations 
(approximately 10,000 to 30,000 organisms per 
c,c.) in environments which will permit grow'th. 
After exposure to the antibiotics for two, six and 


TABLE n 


MINIMAL EFFECTIVE CONCENTRATIONS OF 
STREPTOMYCIN (SM), POLYMYXIN B (PMB). 
CHLOROMYCETIN (CM). AND AUREOMYCIN (AM) 

FOR 8 SPECIES OF GRAM NEGATIVE BACILLI 

SPECIES 

ANTIBIOTIC 

SM 

PMB 

CM 

AM* 

H tsaUINZAE 

1-3 

0.3 

1 

o.g -1 

H PERTUSSIS 

3 

1-r 

1 

3 

E.COU 


O.S -3 

5- <25 

5- <s.s 

SHi&ELLAE 


1 

3-10 

z-s 

juiNChELUr 

.i£r-r.co 

1-5 

5 

5- <ZS 

jl TYrnCSA 


OS 

3-S 

3 


IT'- • 

i-3 

>1C3 

50 

I ,r. - — » ^ 1-^ . . 

( » > 

! >2l 

5 

3 

5->lC 



24 hours, samples of the broth cultures were ex- 
amined for the number of viable organisms per c.c. 
by seeding into appropriate media in pour plate 
preparations after removal of any inhibitory con- 
centration of the antibiotic, either through dilution 
or centrifuging and resuspending in normal broth. 
Table III presents the results on each of the eight 
species. The per cent of viable organisms remain- 
ing after exposure for six hours to two different 
concentrations of each of the antibiotics is listed. 

It is apparent that streptomycin is primarily 
bactericidal in 10 meg. per c.c. only against spe- 
cies for which it has been shown to be therapeuti- 
cally effective. Polymyxin B exerts a rapid 
lethal action in concentrations of both 1 meg. and 
10 meg. per c.c. Cultures of all species save for 
0.07 per cent in Salmonella were sterile after 
two hours ; shorter exposure times have not been 
studied. Chloromycetin in 10 meg. per c.c. exerts 
a more rapid bactericidal action against H. pertus- 
sis and H. parapertussis than does aureomycin ; 
against H, influcucae and .S', typhosa the two 
agents are equal in the speed of their lethal action. 
Both aureomycin and Chloromycetin are bacterio- 
static for all of the other species with the exception 
of Ps. aeruginosa; in a concentration of 100 meg. 
per c.c. aureomycin exerts a greater lethal action 
than does Chloromycetin. On the other hand the 
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results of exposure for 24 hours, not listed here, 
show that stasis of growth by chloromycetin per- 
sists through 24 hours in cultures of all of these 
organisms save for Ps. aeruginosa, and the number 
of viable cells even decreases significantly, whereas 
the static effect of aureomycin is seen after 24 
hours only against Shigella and S. typhosa; these 
results may only reflect the deterioration of 
aureomycin. However the persistence of bacterio- 
stasis with some organisms suggests that other 
factors are playing a role. 

Ps. aeruginosa is not even inhibited by a six- 
hour exposure to streptomycin, chloromycetin or 
aureomycin in a concentration of 10 meg. per c.c., 
whereas polymyxin B in a concentration of 1 meg. 
per c.c. is bactericidal within two hours. 

The greater bactericidal action of 100 meg. per 
c.c. of streptomycin is worthy of emphasis since 
in infections of the meninges and urinary tract a 
comparable concentration can be maintained in 
these fluids without damage in most patients. 

III. Resistance problem 

The study of the limitation of therapeutic effi- 
cacy of these agents by the phenomenon of re- 
sistance was approached in two ways : 1 ) examina- 
tion of large populations for presence of cells re- 
sistant to these antibiotics, and 2) examination of 

TABLE III 


KR CCHT VIABLE CELLS AFTER 6 HRS. EXPOSURE 
TO STREPTOMYCIN (SM), POLYMYXIN B (PMB), 
CHLOROMYCETIN (CM), AND AUREOMYCIN (AM). 



SM 

PMB 

CM 

AM 

SPECIES 




WSSBSm] 


to.l 

im 

■BBII 

EB 

BSl 

Bl 

m 

H.IMFLUEHZAE 

D 

D! 

B 

D 

D 

B 

0.S6 

B 

H.PERTUSSIS 

0.01 

0 

B 

D 

B 

tam 

10. 

B 

E.COU 

B 

B 

B 

D 

100 

5Z 

SS 

ize 

1.8 

SHIOEULAE 

B 

B 

B 

B 

loo 

CS" 

73 

leo 

Zc 

SALMONELUAE 

m 

B 

0 01 

□ 

ioo 

21. 

iS 

loo 

8.6 

S.TTPHOSA 

57 

m 

B 

D 

m 

IZ 

zz 

B 

m 

rs. 

AERUOIMOSA 

ZST 

t?00 

B 

B 

B 


IS 

1170 


H. 

rARAPERTOiSn 

IC! 

le 

15 

LI 

D 

m 

B 


H 


TABLE IV 


MINIMAL EFFECTIVE CONCENTRATIONS OF 
POLYMyXIN-B (PMB), CHLOROMYCETIN (CM), 
AND AUREOMYCIN (am) FOR STR-EPTOMyClN 
(SH) RESISTANT MUTANTS OF 8 SPECIES. 

SPECIES 

ANTIBIOTIC -mc^/ec. | 

SM 

PMB 

CM 

AM 

H. INFLUENZAE 

>1000 

0.1 

1 

0.5 

H. PERTUSSIS 

>1000 

5 

i 

0.5 

E.COLI 

>1000 

O.-b-B 


3-5 

SHI6ELLAE 

>1000 

o.s 

i 

3-5 

SALMONELLAE 

>1000 

i-3 

5 

5-5 

S-TYPHOSA 

>1000 

0.5 -0.5 

5 

3 

AERU&INOSA 

>100 

i-5 

25- >100 

3-<15 

H. 

PARAPERTUSSIS 

>iooo 

5-2.5 

1-3. 

1-3 




their action on streptomycin-resistant mutants of 
each of these species. 

It has already been reported (2-4) that mutants 
resistant to 1000 meg. of streptomycin per c.c. 
may be easily demonstrated in large populations of 
each of the eight species ; mutants resistant to 25 
meg. and 100 meg. of streptomycin per c.c. are uni- 
formly present in smaller populations of the spe- 
cies against which this antibiotic has not been ef- 
fective therapeutically ( 1 ) . 

Large populations, 60 to 600 billions, of each of 
the eight species have been examined for presence 
of cells resistant to poljTnyxin B, 10 meg. and 100 
meg. per c.c. and chloromycetin 10 meg. per c.c. ; 
the supply has not permitted study of a higher con- 
centration. H. pertussis and H. parapertussis 
have been examined for cells resistant to 10 meg. 
and 100 meg. of aureomyein per c.c. 

It was not possible to demonstrate cells resistant 
to 100 meg. per c.c. of poljTnj-xin B in any species 
by this method, and only in Salmonella and Ps. 
aeruginosa was it possible to demonstrate a minute 
fraction of cells resistant to 10 meg. per c.c.; when 
a few of the colonics of these two species which 
formed in agar containing 10 meg. per c.c. v.-cre 
tested for their sensitivity to this concentration 
only an occasional colony grew in pol'.mvxin B 
agar (10 meg. per c.c.) hut growth was normal on 
control medium. 
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While a few colonies grew when large popula- 
tions of E. coli, Salmonella and 5‘. typhosa were 
seeded in pour plate preparations of agar contain- 
ing 10 meg. per c.c. of Chloromycetin, none of 
them on subculture grew on chloromycetin agar 
(10 meg. per c.c.). 

The investigation of resistance of these newer 
agents is still in progress but it is already apparent 
that resistance to polymyxin B and chloromycetin 
differs from streptomycin resistance ; the data sug- 
gest that emergence of resistance will play a less 
important role in therapy. 

The influence of polymyxin B, chloromycetin 
and aureomycin on cells highly resistant to strepto- 
mycin is shown in Table IV for each of the eight 
species. The sensitivity of these streptomycin- 
resistant strains does not differ significantly from 
those strains which are sensitive to streptomycin. 
Therefore it is apparent that the mechanism of ac- 
tion of each of these agents differs from the mode 
of action of streptomycin. 

These data suggest a number of clinical appli- 
cations. Polymyxin B would be the treatment of 
choice for all of these infections, but its toxic ac- 
tion precludes its clinical use unless the injuri- 
ous substance can be removed without altering the 
antibacterial action. A final assessment of aureo- 
mycin in vitro must await additional factual 
data. Chloromycetin because of absence of toxic 
manifestations, its rapid lethal action on H. in- 
flucncac and H. pertussis and the rarity of resist- 
ant mutants warrants a clinical trial in these in- 
fections. In E. coli and Shigella infections there 


is reason to anticipate a more rapid elimination of 
the organisms by the combined action of sulfadia- 
zine and streptomycin than by aureomycin or chlo- 
romycetin alone. In Salmonella and S. typhosa 
infections, either chloromycetin or aureomycin 
should be a more effective agent than streptomycin. 
For Ps. aeruginosa infections we can expect little 
therapeutic value from streptomycin, aureomycin 
or chloromycetin used as a single agent if concen- 
trations in the body fluids do not exceed 10 meg. 
per c.c. The results suggest that the combined 
action of streptomycin and aureomycin may prove 
of therapeutic value in Ps. aeruginosa infections of 
body fluids in which concentrations of 50 meg. to 
100 meg. per c.c. can be maintained with safety. 
In H. parapertussis infections chloromycetin should 
prove to be the treatment of choice. 
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EXPERIMENTAL STUDIES ON THE ACTION OF STREPTOMYCIN, 
AUREOMYCIN, AND CHLOROMYCETIN ON BRUCELLA 

By ELLARD M. YOW and WESLEY W. SPINK 
{From the Division of Internal Medicine, University of Minnesota Medical School, Minneapolis') 


The use of streptomycin in the treatment of 
brucellosis revealed that most of the patients 
failed to respond satisfactorily to its administra- 
tion, and among those who did respond, relapses 
almost always followed (1). It was subsequently 
observed that when sulfadiazine was given simul- 
taneously with streptomycin, the result was much 
more encouraging (2-4). However, this combi- 
nation was also followed by relapses (5), Bru- 
cella could be recovered after treatment from the 
blood of approximately 25 per cent of the patients 
with infections due to Br. abortus and 45 per cent 
of those with disease due to Br. melitensis. 

In this clinic the failure of streptomycin and 
sulfadiazine to eradicate Brucella consistently from 
the tissues prompted the study of why such a ther- 
apeutic combination failed, and stimulated the 
search for more effective antibrucella agents. The 
problem was approached by in vitro studies, ani- 
mal experiments, and, finally, by the clinical trial 
of newer antibiotic agents. This report is con- 
cerned primarily with the results of the in vitro 
experiments. 

I. STREPTOMYCIN AND DIHYDROSTREPTOMYCIN 

In vitro Sensitivity of Brucella 

Forty-one strains of Brucella recently isolated 
from patients were tested for sensitivity to strepto- 
mycin and dihydrostreptomycin. 

^ Presented at the Second National Symposium on 
Recent Adrances in Antibiotics Research held in Wash- 
ington, D. C., April 11-12, 19-19, under the auspices of the 
Antibiotics Study Section, National Institutes of Health, 
Public Health Scr\’icc, Federal Security Agenc}’. 

^'This investigation was supported (in part) by a re- 
search grant from the Division of Research Grants and 
Fellowships of the Nation.-il Institutes of Health, United 
States Public Health Sers'icc, and by a grant from the 
Lederlc Laboratories. The aureomycin was supplied by 
the Lederlc Laboratories; the dihydrostrcptomycin, by 
E, R. Squibb Company: poh-myxin, by the Stamford 
Research Laboratories, American C>-anamid Company; 
bacitracin and Q-19, by the Upjohn Company; and 
diloromj-cctin. by Parke, Davis and Company. 


Method: Solutions of streptomycin and dihydrostrepto- 
mycin were prepared by adding 10 ml. of physiologic 
saline solution to 1.0 gram of base of the drugs. The 
stock solution was stored at 4° C. and was diluted to a 
concentration of 1000 or 100 f^g. per ml. immediately 
before the sensitivity tests were performed. To each of 
12 test tubes (12 X 100 mm.), except the first, was added 
0.5 ml. of tryptose phosphate broth. The first two tubes 
were inoculated with 0.5 ml. each of the test solution of 
streptomycin or dihydrostreptomycin. Two-fold dilutions 
of the drug were made by transferring 0.5 ml. of the 
mixture in the second tube to the third tube, and so on, 
through the 11th tube. The 12th tube contained only 
broth and organisms. Each of the 12 tubes was then 
inoculated with 1.5 ml. of a 1 : 100 dilution of a 24- 
hour culture in tryptose phosphate broth. Thus, the 
first tube contained a 1 : 4 dilution of the test solution of 
the antibiotic; the second, 1:8; third, 1:16, through the 
11th, which contained a 1 : 4096 dilution. The cultures 
of Br. abortus were incubated for 48 hours at 37“ C. in 
an environment containing a 10 per cent concentration of 
carbon dioxide, while the strains of Br. siiis and Br. 
melitensis were subjected to normal atmospheric condi- 
tions. At the end of this time, the tubes were examined 
for gross turbidity and the contents of each tube streaked 
on tryptose agar. The sensitivity of the organism was 
reported as the minimum concentration of streptomycin 
or dihydrostreptomycin required to kill all the organisms. 

Results: Thirteen strains of Br. abortus, ten of 
Br. melitensis, and one of Br. Suis, all isolated be- 
fore being exposed to streptomycin, were found to 
be sensitive to concentrations between 1.0 and 2.5 
fig. of streptomycin and dihydrostrcptomycin per 
ml. The results are presented in Tables I and II. 

The Bactericidal Action of Streptomycin on Bru- 
cella 

The effect of streptomycin on the multiplication 
and viability of Brucella was studied in the follow- 
ing manner. 

Methods: A saline suspension of organisms, equal in 
turbidity to a barium sulfate No. 1 standard. v.-at pre- 
pared from a 4S-hour agar culture of Br. cl'oriui. Tliree 
tubes containing 10 ml. of trjqitose pho'phate broth were 
inoculated with 0.05 ml. of the bacterial susper.'icn so t!-a! 
the final concentration of organi'.ms was approximately 
5,000,000 bacteria per ml. Sufficient strep-temvein was 
added to each of two tul'es to ma5;e 2 ccT.mr.tratien cf 
1 
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TABLE I 


TABLE II 


Sensitivity of Brucella abortus to streptomycin 
and dihydrostreptomycin 


Sensitivity of Brucella melitensis and Brucella suis to 
streptomycin and dihydroslreplomycin 


Strain 

Streptomycin 

(Mg./ml.) 

Dihydrostreptomycin 

(ftg./ml.) 

Minimum 

cone. 

inhibiting 

growth 

Maximum 

cone. 

permitting 

growth 

Minimum 

cone. 

inhibiting 

growth 

Maximum 

cone. 

permitting 

growth 

Lynch 

1.2 

0.6 

1.6 

0.8 

Kreutz 

2.0 

1.0 

1.2 

0.6 

Kreutz* 

1.2 

0.6 

1.2 

0.6 

Rivera 

1.2 

0.6 

1.2 

0.6 

Rivera* 

2.0 

1.0 

1.2 

0.6 

Archer* 

1.2 

0.6 



Archer* 

1.2 

0.6 

1.2 

0.6 

Stcinbrccker 

1.2 

0.6 

1.2 

0.6 

Stcinbrccker* 

1.2 

0.6 

1.2 

0.6 

Wimmer 

1.2 

0.6 

1.2 

0.6 

Wimmer* 

1.2 

0.6 



Garrity 

2.0 

1.0 



Garrity* 

2.0 

1.0 



ShaefTer 

1.0 

0.5 

1.0 

0.5 

Hamilton 

2.0 

1.0 

1.6 

0.8 

Elsted 

1.0 

0.5 

1.6 

0.8 

Elstcdt 

10,000 

7,500 

10,000 

7,500 

Guck 

1.6 

0.8 

1.6 

0.8 

Nelson 

1.6 

0.8 

1.6 

0.8 

Johnson 

1.6 

0.8 

1.6 

0.8 

Schweim 

1.6 

0.8 

1.6 

0.8 


* Strain isolated after streptomycin-sulfadiazine therapy 
t Isolated after streptomycin therapy 


10 tig. per ml. in one tube and 20 Mg. per ml. in the other. 
The third tube was used as a control. The same pro- 
cedure was carried out using cultures of Br. mcUtaisis 
and Br. sitis. The tubes were incubated under the proper 
tension of carbon dioxide at 37° C., and a standard loopful 
of the broth from each tube was subculturcd on strepto- 
mycin-frcc agar at 15-minute intervals during the first 
hour, at three and six hours after inoculation, and then 
daily for 14 days. The subcultures were incubated for 
96 hours and examined for growth. The broth cultures 
were inspected for evidence of growth turbidity at the 
time of each subculture. 


Strain 

Streptomycin 

(iig./ml.) 

Dihydrostreptomycin 

(/ug./ml.) 

Minimum 

cone. 

inhibiting 

growth 

Maximum | 
cone. 1 

permitting 
growth 

Minimum 

cone. 

inhibiting 

growth 

Maximum 

cone. 

permitting 

growth 

Br. melitensis 





3752 

2.5 

1.2 

1.2 

0.6 

3752* 

2.5 

1.2 

2.5 

1.2 

3925 

2.5 

1.2 

1.2 

0.6 

3925* 

>50,000 

>50,000 

>50,000 

>50,000 

2716 

2.5 

1.2 

1.2 

0.6 

2716* 

2.5 

1.2 

2.5 

1.2 

3777 

2.5 

1.2 

2.5 

1.2 

3777* 

2.5 

1.2 

2.5 

1.2 

3988 

2.5 

1.2 

1.2 

0.6 

3988* 

2.5 

1.2 

1.2 

0.6 

4103 

2.5 

1.2 

1.2 

0.6 

4103* 

2.5 

1.2 

2.5 

1.2 

3858 

2.5 

1.2 

1.2 

0.6 

3858* 

2.5 

1.2 

2.5 

1.2 

4241 

1.5 

1.0 



424 If 

1.5 

1.0 

1.2 

0.6 

4185 

1.5 

1.0 

1.2 

0.6 

4185t 

1.5 

1.0 


4290 

1.5 

1.0 



4290t 

1.5 

1.0 



Br. suis 





374 

1.2 

0.6 

1.2 

0.6 


* Isolated after streptomycin-sulfadiazine therapy 
t Isolated after aureomycin therapy 


cause of the failure of the antibiotic in the treat- 
ment of human infections. The most acceptable 
theory of the origin of streptomycin-resistant 
strains of bacteria is that they arise from innately 
resistant organisms normally present in small 
numbers in every large population of a sensitive 
strain (6). The presence of naturally occurring 
streptomycin-resistant organisms in sensitive 


ResnUs: No evidence of bacterial multiplication 
appeared in the broth cultures containing strepto- 
mycin, while in the control tubes there was a tur- 
bid growth at the end of the first 24 hours of incu- 
bation. No viable Brucella could be recovered 
j.'-orn the tubes containing streptomycin after three 
hours of incubation, whereas the control cultures 
contained living organisms throughout the 14 days 
of observation (see Tables III and IV). 


Rc. 


■cof [' 


■■ rii 


tn il. 


Si' 




n.-r. 


' v.lRactcricl A ciion 
I 'C sirs' p iov.ycit: 


'In- rani 


' ■■pn.'.er.t of resistance of gram- 

strt'pton’.ycin lias been a frequent 


strains of Brucella was demonstrated by exposing 


TABLE HI 


Bactericidal action of streptomycin on Brucella abortus 


Time 

Interval 

Control 

Streptomycin 
(10 >jg./ml.) 

Streptomycin 
(20 #tg./ml.) 

Broth 

turbid- 

ity 

Sub- 

culture 

Broth 

turbid- 

ity 

SM-free 

sub- 

culture 

Broth 

turbid- 

ity 

SM-frcc 

sub- 

culture 

5 min. 

15 min. 

30 min, 

1 hour 

3 heurs 
f> hours 

:t hours 

2 dsys 

3 diys 
\ djLVS 

-r 

-t.4. 

4 . 4 . 4 - 
4 . 4 . X 4 . 

+ + 

+ 4- 
+ + 

4-4- 

4-4- 
-h-f -i- 
-r4-4-4- 
4--f -f--f 
4-4--^ -f- 

- 

1 1 1 1 1 I4-4-4-4- 
4-4"t' 


4-4- 

4- 4* 

4 . 
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TABLE IV 

Bactericidal action of streptomycin on Brucella melitensis and Brucella suis 


Time interval 

Brucella melUetisis 

1 ' Brucella suis 

‘ Control 

Streptomycin (20 pg,/ml.) 

Control 

streptomycin (20 ;ig./ml.) 

Broth 

turbidity 

Subculture 

1 

Broth 

turbidity 

SM-free 

subculture 

Broth 

turbidity 

Subculture ! 

i 

Broth ^ 

turbidity | 

SM-free 

subculture 

5 min. 


++ 


+ + 


-f+ * 

— 

+ + 

IS min. 

— 

++ 

— 

+ -1- 


++ 

— 

++ 

30 min. 

— 

++ 


+ + 


++ : 

— 

•i — h 

1 hour 

— 

++ 



— 



4* 

3 hours 

— 

++ 


— 

— 

++ : 

— 

— 

6 hours 

— ! 

-i — 


— 

— 

+ + 

— 

— 

24 hours 

++ 

+++ 


— 

+ + 

+ + + 

— 


2 days 

+++ 

-I — 


— 

+ + + 

-h + + + 

_ 


3 days 

-f-h-f-b 

++++ 

— j 

i 

+ + ■] — f- 

++-f4- i 

— 


4 days 

++-!-+ 

++++ 



+ + + + 

++++ : 




large bacterial populations to varying concen- 
trations of streptomycin. 

Method: A concentrated suspension of organisms was 
prepared by heavily inoculating a large tryptose agar 


slant with a culture of Brucella. After 48 hours of in- 
cubation, the bacteria were washed from the slant with 
1.0 ml. of tryptose phosphate broth. The suspension of 
organisms was spread evenly over the agar surface of 
bottles, prepared by adding 60 ml. of melted agar to 16 


Survival of Variants of Brucella Abortus Resistant to Streptomycin 
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Microgroms of Sfreplomycin per millillfer ~ 2 
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or, oval prescription bottles with screw caps. The bot- 
tles were incubated with the inoculated agar surface down 
' for 48 hours, and then the bacterial growth was resus- 
pended in 5 ml. of broth. Bacterial counts on the sus- 
pension of organisms were performed with a photoelectric 
colorimeter by comparing the turbidity of a 10"* dilution 
to a barium sulfate standard No. 1. The concentration 
of bacteria was adjusted to approximately 100 billion 
organisms per ml. and then exposed to varying concen- 
trations of streptomycin. Eleven pour plates were pre- 
pared, using 1.0 ml. of the bacterial suspension, 9.0 ml. 
of tryptose agar, and sufficient concentrations of strepto- 
mycin to make final concentrations of 1.0, 2.5, S.O, 10, 
50, 100, 500, 1,000, 5,000, 10,000, and 100,000 per ml. 
Each experiment was performed in triplicate and the 
plates were incubated in jars at 37° C, Colony counts 
were performed weekly for a month. 

Results: The number of the surviving strepto- 
mycin-resistant variants decreased very rapidly as 
the concentration of streptomycin increased from 
1.0 to 5,0 /ig. per ml., then more gradually to a 
concentration of 10,000 /ig. per ml., after which 


there were no surviving variants. Streptomycin 
survival curves for Br. abortus are shown in Fig- 
ure 1, and for Br. suis, in Figure 2. 

Some of the streptomycin-resistant colonies 
were found to be largely dependent upon strepto- 
mycin for growth. The dependency of the colo- 
nies upon streptomycin was determined by add- 
ing suspensions of the colonies to pour plates with 
and without the addition of 100 /ig. of strepto- 
mycin per ml. The resistant colonies grew equally 
well in the presence or absence of streptomycin, 
whereas the dependent colonies multiplied only 
in the plates containing the antibiotic. These de- 
pendent strains would grow if streaked heavily 
on streptomycin-free agar, but not as luxuriously 
as non-dependent strains. Streptomycin-depend- 
ent strains of Brucella grew equally well in the 
presence of dihydrostreptomycin, and strains de- 
pendent upon dihydrostreptomycin multiplied in 
media containing streptomycin. Media containing 


Survival of Variants of Brucella Suis Resistant to Streptomycin 
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aureomycin or Chloromycetin did not support the 
growth of streptomycin-dependent strains. 

Sensitivity of Strains of Brucella Isolated after 

Strcpto7»ycin Therapy 

Streptomycin resistance as a cause of therapeu- 
tic failure in cases of brucellosis was investigated, 
first, by determining the sensitivity of the strains 
isolated after therapy as compared to the sensi- 
tivity of the strains isolated from the same patient 
before therapy; and, secondly, b)' comparing the 
distribution and number of tlie resistant variants 
occurring in these strains of Brucella. 

Fifteen strains of Brucella isolated after strep- 
tomycin therapy were tested for sensitivity to 
streptomycin. Seven strains of Br. abortus and 
six strains of Br. vselitensis cultured after com- 
bined sulfadiazine and streptomycin therapy 
showed no change in sensitivity to streptomycin. 
One strain of Br. abortus obtained after treatment 


with only streptomycin was studied by Hall and 
Spink (7) and was found to have increased in 
resistance from 1.0 fug. per ml. to 10,000 fig. per 
ml. One strain of Br. nwlitcnsis, isolated after 
combined streptomycin and sulfadiazine therapy, 
changed in sensitivity from 2.5 fig. to 50,000 pg. of 
streptomycin per ml. 

The two strains of Brucella which developed 
resistance to streptomycin were studied for evi- 
dence of streptomycin dependency. The strain 
of Br. mclitensis did not depend upon the presence 
of streptomycin for growth, but the resistant strain 
of Br. abortus contained predominantly colonics 
that were smaller than normal and grew on strep- 
tomydn-frcc agar only when a l;t.avv inoculum 
was used. The growth of the sm.all colonics was 
greatly enhanced by the addition of from 50 to 
1,090 fig. of streptomycin per ml, (7), 

The num!>er of the resistant variants prc'cnt in 
the strains isolated after th.e.w.py v.TiS con-.parc'J 


876 


ELLARD M. YOW AND WESLEY W. SPINK 


Survival of Variants of Brucella Abortus Resistant to Streptomycin 



Fig. 4 


TABLE V 

Survhxil of iviriants of Brucella abortus in a bacterial population of 100 billion organisms 
resistant to 100 fig. per ml. of streptomycm 



Kivtra 

Kreuti 

Steinbrcckcr 

Wimmer 

Garrity 

Archer 

Elsted 

Lynch 

Strain 

74 

52 

61 

1 46 

56 

-- - 

63 

52 

isulatcd 

06 

35 

51 

57 

48 


91 

63 

before 

84 

44 

54 

60 

63 


96 

48 

tlu-rapv 


96 

48 

73 

71 


82 

59 


70 

72 

38 

82 

52 


79 

79 


81 

83 

48 

53 

49 


46 

82 


01 

56 

52 1 

75 ! 

47 


62 

49 


42 

65 i 

46 1 

41 

64 


68 

67 


6S 

76 ' 

39 I 

87 

59 


85 

63 


72 

81 i 

45 

69 

56 


83 

85 

Str,\!n 

80 

95 

40 1 

47 

45 

64 

Innumer- 


i-.’Atrd 

48 

i i 

30 

94 

51 

78 

able 


after 

60 

O 

25 

96 

67 

62 



tJ'r'.!pv 

41 

5S 

30 

79 1 

45 

75 




8.', 

01 

62 ! 

91 ! 

51 

79 




t'S 

62 


£2 

62 

68 




50 

7.1 

27 

58 

55 

56 


i 


f 2 

I 85 

4S 

62 

49 

63 




• 1 

j f..t 

57 

£2 i 

57 

84 
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1 

46 

79 j 

1 

60 

77 
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TABLE VI 


Survival of variants of Brucella melitensis in a bacterial 
population of 100 billion organisms resistant to 
100 Mg. prr ml. of streptomycin 



2716 

3988 

4103 

3925 

472 


240 

230 

240 

280 

246 

Strains 

230 

228 

229 

271 

200 

isolated 

236 

234 

230 

279 

■ 266 

before 

239 

230 

221 

286 

232 

therapy 

233 

241 

224 

j 

266 

244 

Strains 

200 

234 ' 

269 

Innum- 



isolated 

263 j 

226 1 

241 

erable 


after 

220 

220 

226 



therapy 

210 

239 

230 



208 

230 

237 




to the number present in strains isolated from the 
same patients before therapy and to strains iso- 
lated from patients who responded satisfactorily 
to treatment. The streptomycin survival curve 
of a strain of Br. abortus (Elsted) which subse- 
quently became resistant to streptomycin is shown 
in Figure 3, There is no significant difference be- 
tween this curve and that of the control strain 
(Lynch) which responded to therapy (Figure 1), 
and, as seen in Figure 4, the curve of the surviving 
resistant variants of a strain isolated after therapy 

TABLE VII 


Sensitivity of Brucella abortus to aureomycin 


Strain 

Minimum cone, 
inhibiting 
growth 
Mg./ml. 

Maximum cone, 
permitting 
gron'th 
Mg./ml. 

i Sterilliing 
concentration 
t pg./ml. 

Lynch 

1.0 

0.8 

125 

Kreutz 

1.2 

0.6 

62.5 

Kreutz* 

1.2 

0.6 


Rivera 

1.2 

0.6 


Rivera* 

1.2 

0.6 

62.5 

Archer* 

1.2 

0.6 


Archer* 

1.2 

0.6 


Steinbrecker 

1 1.2 

0.6 

62.5 

Stcinbrccker* 

' 1.2 

0.6 

62.5 

Wimmer 

1.2 

0.6 


Wimmer* 

1.2 

0.6 


Garrity I 

1.2 

0.6 


Garrity* ] 

1.2 

0.6 


Shaeffer 

1.0 

0.5 

62.5 

Hamilton 

1.2 

0.6 

Elstcd 

1.0 

0.5 


Elstcdt 

1.0 

0.5 


Guck 

1.2 

0.5 


Nelson 

1.2 

0.6 


Johnson 

1.2 

0.6 


Schvvcim 

1.2 

0.6 


Schweimt 

1.2 

0.6 



• Isolated after stieptomycin-su!f.adlarinc therapy 
t Strcptomjaan restsuint 
t Isobted after aurcom\-dn therapy 


is identical to the curve of the strain cultured from 
the same patient before therapy. 

In order to obtain data on the number of resist- 
ant organisms present in a large number of strains 
of Brucella, these strains were exposed to an ar- 
bitrary concentration of 100 pg. of streptomycin 
per ml. These studies revealed that the number of 
variants present in strains obtained after therapy 
did not vary significantly from the number of 
survivors present in strains isolated before therapy. 
The number of resistant survivors found in the 
cultures of Br. melitensis was greater than the 
number of survivors present in strains of Br. 
abortus (Tables V and VI). 

Other properties of the strains of Brucella re- 
covered from patients after the completion of 
streptomycin therapy were studied. There were 
no changes in the gross colony or growth char- 
acteristics, or were changes in cell morphology 
noted. There were no differences in the suscepti- 
bility of these strains to the bactericidal effect of 
normal human serum or convalescent brucellosis 
serum, nor in their sensitivity to other antibiotics. 

TABLE vm 


Sensitivity of Brucella melitensis and 
Brucella suis to aureomycin 


Strain 

i 

Minimum cone, 
inhibiting 
growth 
/iC./ml. 

Maximum cone, 
permitting 
growth 
iig./ml. 

Steriluing 

concentration 

Br. melitensis 




3752 

0.8 

0.6 

62.5 

3752* 

1.4 

1.2 


3925 

0.8 

0.6 


392St 

0.8 

0.6 


2716 

0.8 

0.6 


2716* 

1.4 

1.2 


3777 

1.4 

1.2 


3777* 

1.4 

1.2 


3988 

0.8 

0.6 

62.5 

3988* 

1.2 

! 1,0 

1 

4103 

0.8 

0,6 


4103* 

1.4 

1 1.2 

i 125 

3S58 

0.8 

0,6 


3858* 

0.8 

i 0.6 


4241 

1.5 

1.0 


424U 

1.5 

1.0 


41S5 

1.5 

1.0 


416S: 

1.5 

1.0 


4290 

1.5 

' 1.0 


4290t 

1.5 

1.0 


Br. suis 




374 

! 

1.2 

0.6 

125 


* Isolated after *trcp;om)T3n-*-j!fad;aj;r.e th'-rapy 
fStreptomycI.T rtsiitant 
J Isolated after aureorat'an therapy 
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TABLE IX 


The action of aureomycin on Brucella abortus 


Time interval 

Control 

j Aureomycin (1 jig./ml.) 

Aureomycin (10 pg./ml.) 

Aureomycin (100 >ig./ml.) 

Broth 

Agar 

1 

1 Broth 

AM-free 

Broth 

AM-free 

Broth 

AM-free 


turbidity 

subculture 

turbidity 

subculture 

turbidity 

subculture 

turbidity 

subculture 

30 min. 


+ + 


+ + 


+ + 


+ + 

1 hour 

— 

+ + 

— 

+ + 

— 

+ + 


+ 

6 hours 

— 

+ + 

— 

+ 


+ + 


+ 

24 hours ' 

■h 

+ + + 

— 



+ 

— 

2 days 1 

++ 

++ + + 

+ 

++ 


+ 


— 

3 days 

+++ 

-f- + + + 

+ + 

+++ 


+ 

— 


4 days 

++-1*+ 

++++ 1 

+ + + 

4* + -h + 

-1- 

H — h 

— 


6 days 

+•+■++ 

+ ■+•++ 1 

+ •+• + + 

++ + + 

+ + 

+++ 

— 

— 

10 days 

+ -i* + + 


-f-t-h-h 

4'+++ i 

+ + + + 


— 


14 days 


+ + + + 

+ -i-+4' 

++++ 

i 

+ + + + 

+ + + + 


— 


II. AUREOMYCIN 

Studies with aureomycin were approached, first, 
by investigating the in vitro activity of the anti- 
biotic against the three species of Brucella; sec- 
ondly, by an evaluation of its action against ex- 
perimentally produced infections in the chick em- 
bryo, mouse, and guinea pig; and finally, by its 
clinical trial in the treatment of patients with 
brucellosis (8, 9). The results of the in vitro ex- 
periments will be summarized in this report. 

In vitro Sensitivity 

Forty-four strains of Brucella, including 23 
strains of Br. abortus, 20 strains of Br. inelitensis, 
and one strain of Br. suis, were tested for sensi- 
tivity to aureomycin. 

Method: The broth dilution method was used and 
varied sHshtly from that described for the determination 
of streptomycin sensitivity. The stock solution of aureo- 
mycin was prepared by adding 20 ml. of a sterile saline 
solution to a vial containing 20 mg. of aureomycin hydro- 
chloride. Tlie stock solution was stored at 4° C. for as 
long as a month and diluted to a concentration of 100 fig. 
per ml. the day the sensitivity tests were performed. In 
contrast to the values e.xprcsscd for streptomycin and 
dihydrostreiitomycin, the sensitivity of Brucella to aureo- 
mycin was reported as that concentration of the antibiotic 
rc'iuircd to prevent the multiplication of the bacteria, as 
rnc.asurcd by broth turbidity. The concentration actually 
steriUrtn;.; tb.e adturcs was determined in some of the 
tests by sidvulturing the broth from each tube on agar, 
at’! v.at reported as th.e rr.inim.al concentration of the 
I'.ri!,: from '.vi;i;!i r.a live organisms could be recovered. 

Rcsti'ts: The sensitivity of the strains of Bru- 
o-ha to aurtvntyciti varied trotn 0.6 to 1.5 fig. per 
t:;'. . t!-. cot'.'entra.tinr.s as Itigij as 62.5 to 125 
f.;;. »>: anrv c:n rer std, were required to steri- 


lize the cultures (see Tables VII and VIII) . Two 
strains of Brucella resistant to streptomycin 
showed no comparable increased resistance to 
aureomycin. 

The Action of Aureomycin on Brucella 

The technique of the experiment was identical to 
that described already for streptomycin, except 
that the concentrations of aureomycin employed 
were 1.0, 10, and 100 jug. per ml. 

Restdts: The broth containing 1.0 pg. of aureo- 
mycin per ml. became turbid on the second day of 
incubation, one day later than the control. Broth 
turbidity developed in the tube containing 10 pg. 
per ml. on the fourth day, but there was no evi- 
dence of multiplication of Brucella in the broth 
containing 100 jug. of aureomycin per ml. Organ- 
isms were consistently recovered from the tubes 
containing 1.0 and 10 pg. per ml., but no Brucella 
were cultured from the aureomycin concentration 


TABLE X 

The action of aureomycin on Brucella suis 


Time 

i 

Control 

Aureomycin (10 #ig./ml.) 

inttiATil 

Broth 

turbidity 

Agar 

subculture 

Broth 

turbidity 

AM-free 

subculture 

30 min. 

1 hour 

6 hours 

24 hours 

2 days 

3 days 

4 days 

6 days 

10 days 

14 days 

+ + 

+ -f-f 
+ ■1- + + 
-b-b-b-i- 
-b-b-b-b 
-b + -b-b 
-b-b-b-b 

■b"b-b 

-b-b-b 

4-b+ 

+ + -b-b 
■b-b-b-b 
*b-b-b*b 
•b-b-b-b 
-b -b-b-b 

•i^ 

-b -b-b-b 

t++ 

-b-b-b-b 

*b-b*b-b 

-b-b-b 

-b-b-b 

-b-b 

-b-b-b 

-b-b-b-b 

-b-b-b-j- 

-b-b-b-b 

-b -b-b-b 

-b-b-b-b 

-b -b-b-b 
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TABLE XI 


The action of aureomycin on Brucella melitensis 


Time 

interval 

Control 

Aurcomydn (10 ng./ml.) 

Broth 

turbidity 

Agar 

subculture 

Broth 
; turbidity 

AM-free 

subculture 

30 min. 

[ ““ 



-1-++ 

1 hour ! 

— 

+ + + 

— 

+++ 

6 hours 


+ + + 

— 

+ + 

24 hours 

+ 

-i"! — h-l* 

— 


2 days 

-j — j — [. 


— 

4 — 1 — i-4- 

3 days 

-1- + -1- + 

-h-f-f-h 

— 

-i-H — i — i- 

4 days 

_! — j — j — j. 

-1-1-++ 

4* 

-h-H-h 

6 days 

+-1-1-+ 


-i — i — |- 


10 days 

+4-1-+ 

++++ 

++ + + 

+4-++ 

14 days 

++++ 

-b-f-++ 

■f+-h + 

"1-4-4 — 1* 


of 100 fig. per ml. afer the first 24 hours of incu- 
bation (see Tables IX, X and XI). 

The Relation Between the Antibrucella Effect of 
Aureomycin and the Bactericidal Power of Hu- 
man Serum 

Clinical experience with aureomycin in the 
treatment of brucellosis reveals that the antibiotic 
is apparently more effective against Brucella in 
human beings than it is in vitro or in experi- 
mentally infected animals (9) . In an effort to in- 
vestigate further the mechanism of action of aureo- 
mycin and its effect on certain immune mecha- 
nisms, the relationship between the bactericidal 
power of human serum and the antibrucella effect 
of aureomycin was studied. 

Method: Seventy test tubes (12 X 100 mm.) were ar- 
ranged in 10 series, with seven tubes in each series. To 
each of the 70 tubes was added 0.25 ml. of serum. Each 
tube in the "first series was inoculated with 0.1 ml. of a 


solution of aureomycin containing 500 /‘g. per ml.; the 
tubes in the second series, with 0.1 ml. of a solution con- 
taining 250 lig. per ml. ; and so on, decreasing the concen- 
tration by halves through the ninth series. No aureo- 
mycin was added to the tubes in the tenth series, which 
served as a control for determining the action of the 
serum alone against Brucella. The first tube in each 
series was then inoculated with 0.15 ml. of a suspension 
of a 48-hour culture of Br. abortus, equal in turbidity to 
a barium sulfate standard No. 1 ; 0.15 ml. of a 10"* dilu- 
tion was added to the second tube in each series ; 0.15 of 
a lO"^ dilution, to the third tube; and so on, through the 
seventh tube in each series, to which was added 0.15 ml. 
of a 10^ dilution of the suspension of Brucella. Thus, 
the total volume in each tube was 0.5 ml., and the final 
concentration of aureomycin in the first series of tubes 
was 100 ug. per ml., through 0.39 A<g. per ml. in the ninth 
series. After incubating for 24 hours under 10 per cent 
carbon dioxide at 37° C., the contents of each tube were 
subcultured on fryptose agar, using a 4 mm. wire loop. 
The subcultures were incubated for 96 hours and the 
growth recorded from + to ++++. 

The experiment was performed using the serum from 
three normal individuals, serum from the same donors 
heated at 56° C. for 30 minutes, and from two patients 
with high agglutination titers for brucellosis. A control 
was performed with each experiment in which broth was 
substituted for the serum. 

Results: In series one and two, which contained 
the highest concentrations of aureomycin, serum 
interfered with the activity of aureomycin. The 
bactericidal power of serum, on the other hand, 
was enhanced by the addition of aureomycin in 
proportion to the concentration of the latter. The 
inactivated serum had no effect in increasing the 
antibrucella activity of aureomycin when com- 
pared to the broth control, and convalescent bru- 
cellosis serum increased only slightly tlie effect of 
the aureomycin. The most striking antibrucelia 


TABLE XII 


The relationship between the antibrucella activity of aureomycin and the bactericidal power of serum. I. Normal human serum 
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effect was seen in the combination of aureomycin The Resistance of Brucella to Aureomycin 
and normal serum having good bactericidal power Several unsuccessful attempts were made to 
(see Tables XII-XV). isolate aureomycin-resistant variants of Brucella 

TABLE xiir 

Tlte relationship between the antibrucella activity of aureomycin and the bactericidal power of serum. II. Broth control 
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TABLE XIV 

The relationship between the antibrucella activity of aureomycin and the bactericidal power of serum. III. Inactivated serum 
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TABLE XV 

The relationship between the antibruceUa activity of aureomycin and the bactericidal power of serum. 

IV. Convalescent brucellosis serum 
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present in a large bacterial population, using the 
method described for the isolation of streptomycin- 
resistant variants. A further attempt was made 
to develop aureomycin-resistant strains of Brucella 
by exposing the organisms to increasing concentra- 
tions of aureomycin. 

Method: A 1 : 100 dilution in broth of a 24-hour cul- 
ture of Br. abortus was exposed to aureomycin in con- 
centrations from 2S0 to 0.25 Mg. per ml. in the manner 
described for the broth dilution method of determining 
the sensitivity of Brucella to aureomycin. After incubat- 
ing for 72 hours, the broth-aureomycin mixture in each 
tube was examined for turbidity and at the same time a 
loopful was streaked on tryptose agar. The turbid broth 
containing the highest concentration of aureomycin was 
diluted 1 : 100 and reexposed to aureomycin in the same 
manner. This procedure was repeated at 72-hour in- 
tervals, using as the inoculum in each test the broth from 
the preceding test containing the highest concentration of 
aureomycin permitting the multiplication of the bacteria. 

Results: After 16 exposures of the strain of 
Br. abortus to aureomycin, there was no significant 
increase in resistance, as measured by the anti- 
biotic necessary to inhibit growth, or by that 


amount necessary to kill the bacteria (see Figure 
5). 

Strains of Brucella Isolated after Aureomycin 
Therapy 

One strain of Br. abortus and three strains of 
Br. melitensis isolated after aureomycin therapy 
were tested for sensitivity to the antibiotic. There 
were no changes in the sensitivity to aureomycin 
when compared to the sensitivity of the strain 
isolated from the same patient before therapy. 

III. CHLOROMYCETIN 

The observation by Ehrlich (10) and Gottlieb 
(11) that Chloromycetin inhibited the growth of 
gram-negative organisms prompted the investiga- 
tion of the action of his antibiotic against Brucella. 

In vitro Sensitivity of Brucella to Chloromycetin 
Twenty-five strains of Brucella, including 14 
strains of Br abortus, 10 strains of Br. melitensis, 
and one strain of Br. suis, were tested for sensi- 
tivity to Chloromycetin (lots No. Rx X3146 and 


Repeated Exposure of Brucella Abortus to Decreasing Concentrations of Aureomycin 
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Repeated Exposure of Strains of Brucella to Chloromycetin 



120021). The method used was that described 
for the determination of the sensitivity of Bru- 
cella to aurcomycin. The concentration of chloro- 
’ mycetin required to inhibit the multiplication of 
the strains of Brucella tested varied from 1.56 to 
6.25 ftg. per ml, while the concentration required 
to kill the organisms was from 15.6 to 125 fig. 
per ml (see Tables XVI and XVII). 

The Action of CJiloromycctin on Brucella 

The method used to study the action of Chloro- 
mycetin on Brucella was similar to that described 

TABLK XVI 


Sfnsittvity of brucella abortus fo Chloromycetin 


Strain 

Lowest cone. 
inhibitins 
Stowtii 

lliehest cone. 
permittinK 
Erowlh 

Cone, aterilizing 
culture at 

48 lirs. 
fiS./ml. 
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1.56 
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1.56 
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1.56 
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6.25 
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3.12 
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3.12 

1.56 

>125 

r.Ltedt 

3.12 

1.56 
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1.56 


Kr'-;;'.': 

3.12 

1.56 


Ik .k 

3.12 

1.56 



3.12 

. 

1.56 



* I). v.iih therapy 


for streptomycin. The concentrations of Chlo- 
romycetin used were 5.0, 20, and 100 jug. per ml 
The tests revealed that there was no evidence of 
multiplication of Br. abortus when exposed to 
Chloromycetin. Viable organisms could be re- 
covered after 48 hours from the chloromycetin- 
broth mixture containing 5 fig. per ml. for five 
days, from the mixture containing 20 fxg. per ml. 
for three days, and from the tube containing 100 
fig. per ml for two days. The results with 
strains of Br. melitensis and Br. suis varied from 

TABLE XVII 


Sensitivity of Brucella melitensis ani 
Brucella suis to Chloromycetin 
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those obtained with strains of Br. abortus in that 
the multiplication of the former occurred in 5 /ig. 
of Chloromycetin per ml., though the appearance 
of the turbidity was delayed when compared to 
the broth control (see Tables XVIII-XX). 


The Development of Resistance of Brucella to 
Chloromycetin 

Preliminary attempts to produce chloromycetin- 
resistant variants of Brucella have been unsuc- 


TABLE xvrrr 


The action of Chloromycetin on Brucella abortus 
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TABLE XIX 


The action of Chloromycetin on Brucella suis 
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TABLE XX 


The action of Chloromycetin on Brucella mclitensis 
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cessful. The methods used included the exposure 
of a large bacterial population to concentrations 
of 10, 50 and 100 of Chloromycetin per mb, as 
described for streptomycin, and the repeated ex- 
posure of four strains of Brucella to increasing 
concentrations of Chloromycetin (see Figure 6). 

rv. OTHER ANTIBIOTICS 

Eight strains of Br. abortus and one strain of 
Br. suis were tested for sensitivity to amorphous 
penicillin and to crystalline penicillin G. The 
broth dilution method was used. The concentra- 
tion of amorphous penicillin required to prevent 
the multiplication of Brucella was found to vary 
from 5 to 31 units per mb, while the concentration 
required to sterilize the cultures was from 16 to 
62 units per mb The concentration of crystalline 
penicillin G inhibiting growth varied from 1.0 to 
62 units per mb, whereas the sterilizing concen- 
tration varied from 12,5 to 250 units per mb 
The sensitivity of six strains of Br. melitensis 
to bacitracin was determined. Concentrations 
greater than 10 units per mb were required to 
prevent multiplication of the bacteria. Two 
strains of Br. abortus, one of Br. melitensis, and 
one of Br. suis were tested for sensitivity to the 
antibiotic Q-19 (Research No. 8836-1). The 
concentration which inhibited growth of Br. abor- 
tus was 62.3 units per mb, though concentrations 
greater than 125 units per mb were required to 
prevent the growth of the strains of Br. melitensis 
and Br. suis. 

DISCUSSION 

No naturally occurring strains of Brucella re- 
.sistajit to streptomycin, dihydrostreptomycin, 
aurcomycin, or chloromycetin were found. On a 
weight basis, aurcomycin was the most active 
agent against Brucella, streptomycin and dihydro- 
.'itreptomycin were slightly less active, and chlo- 
romycetin was the least active antibrucclla agent. 
I'here was very little strain or species variation in 
the sensitivity of Brucella to streptomycin, dihy- 
dro'trcptomycin. or nureomycin, but there was 
considerable variation from strain to strain in 
dibnomyectin sensitivity. 

Streptomycin :u’d dihydrostreptomycin were 
rap’ i’y hactericid.il in th.eir action against Bru- 
o-’.m. Anrf-nv.ycin an 1 ddoromycetin, on the 


other hand, acted primarily by preventing the mul- 
tiplication of the bacteria, and concentrations much 
higher than have been reported in the blood were 
necessary to kill Brucella. 

Strains of Brucella resistant • to streptomycin 
and dihydrostreptomycin could be readily pro- 
duced in vitro by culturing a large bacterial popu- 
lation in the presence of the antibiotics, suppress- 
ing the sensitive organisms in the population and 
allowing the normally present resistant variants 
to multiply. Similar attempts to produce strains 
resistant to aurcomycin and chloromycetin were 
unsuccessful. Attempts to adapt strains of Bru- 
cella to growth in the presence of high concentra- 
tions of aurcomycin and chloromycetin by re- 
peated exposure of the organisms to the antibiotics 
were also largely unsuccessful. One would be 
tempted to predict from these results that the de- 
velopment of resistance of Brucella in human in- 
fections to streptomycin and dihydrostreptomycin 
might occur rapidly and frequently, but resistance 
to aurcomycin and chloromycetin would occur in- 
frequently and progress very slowly. 

The problem of the development of resistance 
of Brucella as a cause of failure in the therapy of 
human infections was investigated by determining 
the sensitivity of strains of Brucella recovered 
from patients after therapy. Of approximately 26 
patients with bacteriologic proved brucellosis due 
to Br. abortus treated at the University of Min- 
nesota Hospitals, there have been six relapses fol- 
lowing combined sulfadiazine and streptomycin 
therapy, while approximately 30 of 65 patients 
treated in Mexico with infections due to Br. 
melitensis subsequently had proven bacteremia. 
There were two relapses out of 12 patients with in- 
fections due to Br. abortus following aurcomycin 
therapy, while Brucella were recovered after treat- 
ment from five out of 26 patients with infections 
due to Br. melitensis. The clinical use of chlo- 
romycetin in brucellosis is now being studied. 

Of the 13 cultures of Brucella isolated after 
combined streptomycin and sulfadiazine therapy, 
one strain of Br. melitensis showed increased 
resistance to streptomycin. Another strain of 
Br. abortus, recovered after therapy with strepto- 
m 3 'cin alone, had marked resistance to the drug. 
There was no evidence of an increase in the nor- 
mally present streptomycin-resistant variants in 
the strains which failed to respond to therapy. 
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Three strains of Br. melitensis and one strain 
of Br. abortus, cultured from human subjects, after 
aureomycin therapy, showed no changes in sensi- 
tivity to aureomycin. 

One may conclude from these studies that the 
relapse of brucellosis following combined strepto- 
mycin and sulfadiazine or. aureomycin therapy is 
rarely due to a change in the sensitivity of the bac- 
teria to streptomycin or aureomycin. The evi- 
dence suggests that the strains cultured following 
therapy, with the exception of the two strepto- 
mycin-resistant strains, are identical to the strains 
isolated from the same patients before therapy. 
The most likely explanation for these therapeutic 
failures is that the antibiotics do not actually come 
into direct contact with all the Brucella harbored 
by the host within tissue cells, within granulomata 
present in the reticuloendothelial system, or within 
other walled-off foci (12). These and other pos- 
sibilities are now being investigated. 

SUMMARY 

1. Strains of Br. abortus, Br. suts, and Br. meli- 
tensis, isolated from patients before antibiotic 
therapy, were sensitive in vitro to concentrations 
of streptomycin and dihydrostreptomycin of 1.0 
to 2.5 /ig, per ml., to aureomycin in concentra- 
tions of 0.6 to 1.5 /ig. per ml., and to concentra- 
tions of Chloromycetin of 1.56 to 6.25 /ig. per ml. 

2. The action of streptomycin against Brucella 
was bactericidal, while aureomycin and Chloro- 
mycetin were bacteriostatic in their action. 

3. Resistance of Brucella to streptomycin and 
dihydrostreptomycin could be developed readily 
in vitro, but increased resistance to aureomycin 
and Chloromycetin was not demonstrated. 

4. The study of 13 strains of Brucella isolated 
after combined streptomycin and sulfadiazine thcr- 
apj' revealed no change in their sensitivity to strep- 
tomycin with the exception of one strain of Br. 
melitensis, which increased in resistance from 2.5 


to 50,000 /ig. of streptomycin per ml. One strain 
of Br. abortus isolated after a course of streptomy- 
cin alone increased in resistance from 1.0 to 10,- 
000 ng. of streptomycin per ml. Three strains of 
Br. melitensis and one strain of Br. abortus re- 
covered from patients after aureomycin therapy 
showed no change in sensitivity to aureomycin. 
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ANTIGENIC AND ENZYME SYSTEM CHANGES IN BETA HEMOLYTIC 
STREPTOCOCCI RESISTANT TO PENICILLIN, STREPTO- 
MYCIN, BACITRACIN AND AUREOMYCIN * 

By HORACE M. GEZON and DORCAS M. FASAN 
{From the Department of Pediatrics, University of Chicago) 


Previous reports from this laboratory (1, 2) 
have presented preliminary data suggesting that 
there are antigenic and enzyme system changes in 
beta hemolytic streptococci resistant to penicillin 
and streptomycin. These data were all qualita- 
tive and were unconfinned by quantitative meth- 
ods. 

The present study is a continuation of this work. 
The same strains of group A and C streptococci 
were made resistant separately to bacitracin and 
aurcomycin. Representative members of each 
group, resistant to all four antibiotics, were stud- 
ied for alterations in; 1) streptolysin S; 2) strep- 
tokinase; 3 ) proteinase; 4 ) ribonuclease activity. 

That such variations might be expected was 
first suggested by the observ'^ation that reversible 
changes in the hemolytic behavior of streptococci 
from beta to alpha or gamma type of hemolysis 
occurred when the organisms were growing on 
maximal concentrations of either penicillin or 
streptomycin. 


MATERIALS AND METHODS 
Strains of Streptococci 

Seven group A strains and three group C strains iso- 
lated in 1946-1947 from throats of patients with acute 
upper respiratory infections were employed throughout 
the study. The strain designations for the group A or- 


* Presented at the Second National Symposium on 
Recent Advances in Antibiotics Research held in Wash- 
ington, D. C., .April 11-12, 1949, under the auspices of the 
Antibiotics Study Section, National Institutes of Health, 
Public Health Sers-ice, Federal Security -Agency. 

-This investigation was supported (in part) by a rc- 
•tarcli grant front the Division of Research Grants and 
Fcllov. ships c: th.c National Institutes of Health, U. S. 
Public Health. Service, and by a research grant from The 
.Albvtt I-ab-'ratcries. 

• .Aureomycin v.as supplied by the Lederlc Laboratories 
.American Cyananti 1 Co., through the .Anti- 

tudy Section r; t!;e National Institutes of Health, 
ra.'in s-.as supplied by the Ccmmercial Solvents 
; through the AntMctics Study Section of 
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ganisms were: S„ S-, S,, S 4 , Sj, S„ and Uj) and, for the 
group C strains, U,, U-, and Us. 

Development of Resistance 

The method employed for inducing penicillin and strep- 
tomycin resistance has been described (1, 2). A similar 
technique was used for inducing bacitracin and aureo- 
mycin resistance. Briefly, this consisted of daily transfer 
of organisms from a blood agar plate containing the maxi- 
mal quantity of antibiotic that would permit growth to a 
new series of plates containing graded amounts of anti- 
biotic. For the streptomycin, bacitracin, and aureomycin 
series a total of 40 such transfers were made, and for the 
penicillin series 60 transfers. 

Streptolysin S Production 

The method described by Todd (3) was employed for 
all tests of streptolysin S production. Thirty ml Todd- 
Hewitt medium containing 20% normal horse serum in- 
activated at 56° C. for 30 minutes were inoculated with 
1 ml of an 18 hour streptococcal broth culture in Todd- 
Hewitt medium prepared with 2% Pfanstiehl peptone. 
After incubation at 37° C. for 12 hours, the cultures 
were thoroughly chilled in an ice water bath, centrifuged 
at 3,000 rpm for 20 minutes and the supernate filtered 
through Selas candles (No. 02 porosity with a maxi- 
mum pore size of 0.85 micron). Only cultures of re- 
sistant strains with densities that matched that of the 
control strain, i.e., the parent organism transferred 40 
times on plain blood agar medium, were employed. The 
densities were determined in a Coleman Junior Spectro- 
photometer. Filtrate dilutions ranging from 1 : 4 to 1 : 200 
were prepared in cold physiological saline so that, after 
the addition of 0.5 ml of a 5% suspension of fresh triple- 
washed rabbit RBC’s, the final volume was 2.0 ml. The 
hemolytic end point was considered to he the dilution 
which showed approximately 50% hemolysis after incuba- 
tion for 30 minutes in a 37° C. water bath. The lysin 
then was titrated against anti-streptolysin S rabbit serum 
(4). 

Streptokinase Activity 

The method employed for determining the streptokinase 
activity of the supernate of the broth culture was essen- 
tially that described by Kaplan (5). The fibrinogen 

•' The fibrinogen employed was Fraction I of the 
plasma proteins prepared by the Department of Physical 
Chemistry, Harvard Medical School, Boston, Mass., 
from blood collected by the American Red Cross, and 
generously supplied by Dr. Edwin J. Cohn and Dr. John 
T. Edsall. 
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was used in a concentration of 600 mg dissolved in 100 
ml phosphate-buffered physiological saline at pH 7.4. 
Purified human thrombin was prepared so that each ml 
of buffered saline contained approximately 3 units. The 
fibrinolytic titer was expressed as the reciprocal of the 
dilution in which there was complete dissolution of the 
clot after incubation in a water bath for one hour at 
37” C. 

Proteitujse Activity 

The streptococcal proteinase activity in broth cultures 
was measured by the method described by Elliott and 
Dole (6). Briefly, this consisted of observing the rapid- 
ity and degree of coagulation of a skimmed milk-thio- 
glycollate substrate by sterile broth culture filtrates. 
Twenty-four hour cultures of streptococci in Todd- 
Hewitt broth containing 2% Pfanstiehl peptone were 
filtered through Selas candles (No. 02 porosity). Main- 
taining sterility, two-fold dilutions of filtrate were made 
in phosphate buffer pH 7.0. The milk-thioglycollate 
substrate was added with an automatic pipette, and the 
mixture was incubated at 37” in a water bath. The test 
was read at one, three, five, and nine hours and the 
activity expressed as the reciprocal of the dilution show- 
ing coagulation at nine hours. 

Ribonuclcase Activity 

The ribonuclease activity of culture supernates was 
determined by the turbidimetric method described by Mc- 
Carty (7). The substrate, yeast ribonucleic acid, was 
purified by the method of Kunitz (8). The optical densi- 
ties were determined on a Coleman Junior Spectropho- 
tometer at a wave length of 425 mM, at five minute 
intervals over a 30 minute period. 

RESULTS 

^ The group A strains, in general, developed 
little resistance to penicillin and aureomycin, and 


TABLE I 

Antibiotic resistance acquired by beta hemolytic streptococci 


Group 

Strain 

Fold clianse after 40 tiaiufers 

on 

PcnlctUin 

medium* 

Strepto- 

mycin 

medium 

Bacitracin 

medium 

Aureomycin 

medium 

A 

s. 

4 

140 

100 

2 

A 

Sj 

2 

70 

20 

6 

A 

Si 

17 

140 

40 

6 

A 

^54 

0 

140 

100 

6 

A 

Si 

4.5 

240 

40 

5 

A 

Si 

4 

180 

13 

6 

A 

U| 

6 

70 

8 

8 

C 

U. 

16 

3.000 

20 

10 

c 

u, 

14 

600 

300 

60 

c 


4 

200 

300 

20 


* Micr 60 


TABLE n 

Slreptolysin-S production of groups A and C 
beta hemolytic streptococci 


Group 

Strain 

Hemolytic units per mi. 

Control* 

Pen.f 

res. 

Strep4 

res. 

Bac4 

res. 

Aureo.J 

res. 

A 

Si 

75 

35 

— 

20 

75 

A 

S 2 

35 

10 

20 

35 

35 

A 

s, 

75 

10 

13 

75 - 

50 

A 

St 

75 

— 

35 

75 

100 

A 

Ss 

20 

4 

— 

10 

— 

A 

Us 

120 

30 

— 

— 

120 

C 

u, 

75 

13 

75 

20 

35 

C 

U 2 

120 

13 

— 

45 

120 

c 

u, 

75 

20 

75 

SO 

75 


* Control organism is the parent strain after 40 transfers 
on plain blood agar. 

t Penicillin-resistant organism is one that has been trans- 
ferred 60 times on medium containing increasing concen- 
trations of penicillin. 

t Streptomycin-, bacitracin-, and aureomycin-resistant 
organisms are those that have been transferred 40 times on 
media containing increasing concentrations of each 
antibiotic. 

considerable resistance to streptomycin and baci- 
tracin. The group C strains showed similar group 
behavior to each antibiotic. The results are given 
in Table I. 

The rate at which a given strain of beta hemo- 
lytic streptococcus acquired resistance to an anti- 
biotic was not uniform in the case of penicillin, 
streptomycin, bacitracin, and aureomycin. For 
example, strain S< after 60 serial transfers on 
penicillin medium showed no change in sensi- 
tivity, after 40 serial transfers on aureomycin 
medium only slight resistance, but considerable 
resistance to streptomycin and bacitracin after 40 
subcultivations on media containing these anti- 
biotics. 

Streptolysin S production was reduced for each 
group A organism after acquiring cither penicillin 
or streptomycin resistance. Tiic same strains 
after acquiring bacitracin or aureomycin resistance 
maintained the same level of hemolysin production 
as the control strain. The group C organisms be- 
haved somewhat differently in their production of 
streptolysin S. The three penicillin-resistant and 
three Ixicitracin-resistant organisms all produced 
less hemolysis than the control strains, Tiic 
streptomycin-resistant and aureomycin-resirtan.t 
strains showed little if any clsangc. The results 
arc given in Table II. 
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derstanding of the mechanism of action of ac- 
quired antibiotic resistance. Further, it is not 
known why penicillin and streptomycin resistance 
appears to alter the behavior of streptococci to a 
much greater extent than does either bacitracin or 
aureomycin resistance. The degree of resistance 
for streptomycin and bacitracin and that for peni- 
cillin and aureomycin are comparable. 

The variables of medium, time, temperature and 
amount of growth so far have been eliminated as 
the probable explanation for the reduced enzymatic 
production by the resistant variants. Each series 
of organisms was grown for the same period of 
time, at the same temperature, in a single lot of 
medium and on the same day. In every instance, 
the density of the resistant variants was matched 
turbidimetrically with that of the parent and con- 
trol organisms. 

The possibility exists, of course, that during the 
numerous serial transfers another strain of strep- 
tococcus was introduced through air-borne con- 
tamination or through a change in serial order of 
several strains on a single plate. This is partially 
answered by the fact that all of the resistant vari- 
ants for all four antibiotics were of the same group 
as the parent organism. Strains that were un- 
groupable after acquired penicillin resistance have 
not been included in this study. Final proof will 
come from typing the parent and resistant strains. 
This is now in progress. 
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PATTERNS OF BACTERIAL RESISTANCE TO PENICILLIN, 
AUREOMYCIN, AND STREPTOMYCIN ^ 

Bv M, DEMEREC 

(From the Department of Genetics, Carnegie Institution of Washington, 

Cold Spring Harbor, N. Y.) 


During the last few years genetic research with 
bacteria has made significant progress, and ample 
evidence has accumulated to show that the heredi- 
tary mechanism operating in bacteria may be sim- 
ilar to that in higher organisms. It has been dem- 
onstrated that hereditary changes, comparable to 
mutations, occur in bacteria, and that these cover 
a range of types similar to those found in fungi, 
where genetic analysis is possible (1). Further- 
more, an association resembling linkage in higher 
organisms has been observed in bacteria (2). 

Experimental evidence indicates that changes in 
bacteria from sensitivity to resistance to penicillin 
and streptomycin originate as mutations, and that 
these antibiotics act only as selective agents which 
eliminate the sensitive bacteria and thus allow the 
resistant mutants, which are always present in any 
large population, to multiply (3). Experiments 
have revealed that the development of high re- 
sistance follows a definite pattern, which appears 
to be characteristic for each antibiotic and which 
is not determined by the bacteria involved. De- 
tailed analyses of the pattern of streptomycin re- 
sistance have been made by me with Escherichia 
coU and Staphylococcus aureus, and by Dr. V. 
Bryson (unpublished) with Mycobacterium ranae. 
This work has revealed a remarkable similarity of 
behavior in these species of bacteria. Quantita- 
tive studies of penicillin resistance have been made 
only with Staphylococcus aureus (4, 5), but the 
results of other investigators, who have studied 
various phases of the action of penicillin with a 
wide \’ariety of species, do not suggest that the pat- 
tern of resistance to penicillin is different in other 
bacteria from that analj-zcd with Staphylococcus. 

At present two patterns of resistance have been 
established, the penicillin pattern and the strepto- 
mycin pattern. A “stepwise’' development of re- 

* Prescntetl at the Second National Sjinposiam on 
Recent .-td^-ances in .^ntibiofics Research held ia Wssh- 
inRton, D. C., April 11-12, IW9, under the auspices of the 
Antibiotics Study Section, National Institutes of Health, 
Public Health Service, Federal Security Af;encv. 


sistance is common to both, but they differ signifi- 
cantly in the manner in which high-level resistance 
is arrived at. In the case of penicillin, the first- 
step resistant mutants are very uniform in their de- 
gree of resistance, which is only slightly higher 
than that of the original strain. Additional muta- 
tions occurring in such first-step mutants result in 
bacteria possessing a higher (second-step) degree 
of resistance, and in a similar manner third-step 
and still higher resistance develops. Always the 
variation in degree of resistance among mutants 
of the same step is slight. This uniformity con- 
stitutes the most striking feature of the penicillin 
pattern and it explains the stepwise increase in 
resistance. Because a significant degree of re- 
sistance can be attained only by additional muta- 
tion in an already mutant bacterium, at least two 
mutations in the same individual are required to 
bring it about. Since the mutation rate is low, 
however — about 1 X lO*® per bacterium per gen- 
eration — the chances for simultaneous occurrence 
of such double mutations are extremely low (1 X 
lO"*®, or practically nil), so that a large number 
of first-step resistant bacteria must first be pres- 
ent in order that a second-step mutant may oc- 
cur. In other words, higher resistance may be 
attained only in successive steps, and no step may 
be skipped in this process. 

The streptomycin pattern of resistance differs 
from the penicillin pattern in that the variation 
between first-step mutants is verj’ great. They 
range from individuals only slightly more re- 
sistant than the original bacteria to those having 
complete resistance to streptomycin. Thus, al- 
though higher resistance may be attained in suc- 
cessive steps, as with penicillin, it may also arise in 
a first-step mutant. 

I have attempted to analyze the resistance pat- 
tern for aurcomydn, but this work has been com- 
plicated by the mode of action of tl'.at antibiotic 
on Eschcrich’.a cch, the organism user! for ib.e ex- 
periments. It was fount! that aurcorrjycin. in r.'!- 
ditaon to killing so.me of the lacteria, surtorc'-e- 
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TABLE I 

Per cent of bacteria appearing as colonies after certain 
incubation periods when plated in broth-agar 
containing various concentrations 
of aureomycin 


Concen- 

tration 

pg/ml 

Hours incubation 

24 

72 

96 

120 

144 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 


colonies 

colonies 

colonies 

colonies 

colonies 

Control 

100 





i 

0 

75 




5 

0 

0.12 

70 



10 

0 

0 

0.15 

29 


15 

0 

0 

0 

0 

4.1 

20 

0 

0 

0 

0 

3.5 

30 

0 

0 

0 

0 

0.7 


division in the survivors. Since the aureomycin 
loses some of its potency during an experiment, 
these suppressed bacteria begin to divide again 
whenever the concentration of antibiotic on the 
plate is lowered to a certain point (Table I). If a 
large number of bacteria is plated, some will be- 
gin to grow earlier than others. In the anticipa- 
tion that these might be more resistant to aureo- 
mycin, they were used to establish strains, which 
were tested for resistance; and from these a fur- 
ther selection of early growers was made. In this 
way strains that appeared to be more resistant to 
aureomycin were obtained. One such strain, ob- 
tained through five selections, when plated in 
broth-agar containing 10 ^g of aureomycin per ml, 
gave 50 per cent surv'ival, with colonies appearing 
after 48 hours of incubation. Under similar con- 
ditions, the original strain gave 29 per cent sur- 
vival, the colonies appearing only after 120 hours 
of incubation. 

These results show definitely that the pattern of 
aureomycin resistance is difierent from that of 
streptomycin resistance, in that highly resistant 
mutants do not appear in one step. It may be 
similar to the penicillin resistance pattern, but 
analysis to determine this has not been carried 
through because of complications introduced into 
the experiments by the loss of potency of aureo- 
mycin. 

The genetic meclianism responsible for both the 
penicillin and the streptomycin resistance patterns 
m.ay be explained by ib.e assumption that several 
genes govern th.e reactions tliat determine sensitiv- 
ity nr resistartce. ar.d th.at tiie set of genes affecting 
per;; resistance is ditTcrcr.t from the set of 


genes affecting streptomycin resistance. If any 
one of these genes should mutate, the bacterium in 
which such a mutation occurs and the strain de- 
veloped from that bacterium will be more resist- 
ant to the respective antibiotic than was the orig- 
inal parent strain. Such a strain is what we have 
called a “first-step resistant strain.” 

The fact that first-step penicillin-resistant strains 
are fairly uniform in degree of resistance is con- 
sistent with the assumption that all genes affecting 
resistance to penicillin have a similar potency, so 
that the effect of mutation is the same regardless 
of which of the genes happens to mutate. Ac- 
cording to this hypothesis, there is still present in 
a first-step resistant strain a number of unmutated 
genes that affect resistance. Mutation of any of 
these produces a second-step resistant strain, 
which possesses a higher degree of resistance than 
the first-step strain. Similarly, by mutation of 
another gene in a second-step resistant strain, a 
still higher degree of resistance is attained, charac- 
teristic of the third-step resistant strain; and by 
further repetition of the process a very high degree 
of resistance may be reached. 

The observed behavior of resistance to strepto- 
mycin also can be explained by assuming the ex- 
istence of several genes determining such resist- 
ance. Unlike the genes for penicillin resistance, 
however, these differ greatly from one another in 
potency. If a gene of low potency mutates, the 
first-step resistant strain will have a low degree 
of resistance, but if mutation occurs in a highly 
potent gene, the first-step resistant strain will be 
highly resistant. Consequently, considerable vari- 
ation in degree of resistance is to be expected be- 
tween first-step strains ; and for the same reason 
a highly resistant strain may be obtained either in 
one step, by selection of a highly resistant first- 
step mutant, or in several steps, by selection of 
mutants of low resistance values. 

The assumption that several genes are re- 
sponsible for resistance is not unusual ; a similar 
assumption, involving the presence of about 20 
genes, has already been made to explain the com- 
plex situation observ'ed in a study of resistance of 
E. coU to several bacteriophages (6). Also, ex- 
periments now under way in my laboratory indi- 
cate that several genes are involved in changes of 
E, coh from streptomycin sensitivity to strepto- 
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mycin resistance and dependence, as well as in re- 
versions from dependence to sensitivity. 
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THE PARTIAL PURIFICATION AND PROPERTIES OF ANTIBIOTIC 
SUBSTANCES FROM THE SWEET POTATO PLANT 
(^IPOMOEA BATATAS) ^ 

By B. H. BRUCKNER, HAZEL H. McKAY, P. S. SCHAFFER, 

AND THOMAS D. FONTAINE 

(From the Bureau of Agricultural and Industrial Chemistry, Agricultural Research Center, 

Beltsville, Maryland) 


The dramatic chemical and therapeutic successes 
of certain antibiotics, notably the penicillins and 
streptomycin from Penicilliutn and Actinomyces 
molds, have spurred the search among other mi- 
croorganisms and, more recently, among angio- 
sperms for additional substances possessing anti- 
bacterial and antifungal properties. 

Within the past few years it has been repeatedly 
shown by many investigators that some plant 
juices and extracts of dried whole plants and plant 
parts contain various kinds and intensities of anti- 
bacterial and antifungal activity (1-8). 

In connection with investigations in this labora- 
tory it has been previously reported (7) that the 
autoclaved expressed juice of the sweet potato 
plant (Ipontoca batatas) inhibited cultures of sev- 
eral plant-wilt producing Pusaria. The present 
investigations have confirmed and elaborated upon 
this early observation. 

It is the purpose of this paper to present a pro- 
cedure for obtaining crude and partially purified 
preparations of antibiotic substances from the 
sweet potato plant, to discuss some of the chemical, 
physical, bacteriological, and mycological proper- 
ties of the various active fractions, and to present 
.•^otne of the speculative implications of this work 
in connection with the problems associated with 
some human, and possibly animal, diseases. 

To date, no pure antibacterial or antifungal 
compound has been isolated. Since the crude ex- 
tracts and some of the partially purified fractions 
were considered relatively impure and were found 
to contain Loth inhibitory and some stimulatory’ 
nnte.nal, it was not deemed advisable, as yet, to 
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set up an arbitrary unit of activity. It will thus be 
appreciated that the results reported here have 
only qualitative significance and that the inter- 
pretations of the results must be regarded as ten- 
tative. 

EXPERIMENTAL 

Two varieties ® of sweet potato plants were used 
throughout this work. One variety was Fusarium-vfilt- 
resistant (designated Res.), whereas the other variety 
was Fujarcum-wilt-susceptible (designated Susc.). 

Using the familiar disc and cup-plate assay method 
with slight modifications to be described, the test micro- 
organisms listed in Table I were employed in this work. 

Method of assay 

A. Into individual, sterile, 90-mm. Petri dishes were 
poured base layers of 20 ml. of agar as follows : 

1. Nutrient agar — for all bacteria except Mycobacterium 
phlci 

2. Glycerol agar — for M. phlei 

3. C 2 apek-de.xtrose agar (3) for the Fol. and Fob. 

B. The inocula were prepared and introduced onto the 
plates as follows: 

1. For all bacteria except M. phlei: 

Two-tenths of a milliliter of a 24-hr. nutrient broth 
culture was added to 5 ml. of warm (42° C) nutrient 
agar. This seed layer was then evenly poured over the 
agar surface of a prepared Petri dish. The agar was 
allowed to harden, and the covered plate was then incu- 
bated for onc-half hour at 37° C before “spotting” or 
the addition of test solution, 

2. For M. phlci: 

Five milliliters of an homogenized and filtered four- 
day-old culture were added to 50 ml. of warm (42° C) 
glycerol agar. Four milliliters of this suspension was 
evenly flooded over the agar surface of a Petri dish. The 
co%-cred dish was then incubated for one hour at 37° C 
before “spotting.” 


~ Ipomoca batatas. No. 153655, FKmriKm-wilt-resistant 
\-ariety, and Puerto Rico Unit 1, F tisariu m- wilt- sus- 
ceptible variety. Both varieties were grown at Beltsville, 
Maryland, and obtained from the Bureau of Plant Indus- 
Soils, and Agricultural Engineering, 
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TABLE I 


Microorganisms used in assays of sweet potato extracts 


Microorganism and source* 

Gram-Stain 

Fusarium oxysporum f. batatas Wr. (Snyder 
and Hansen) (D F73S7e) 

(designated Fob.) 

F. oxysporum f. lycopersici (Snyder and Han- 
sen) (W No. R-5-6). 

(designated Fd.)_ 

Escherichia coli (Migula) Castellan! and 


Chambers (NRRL No. B210) 
Staphylococcus aureus Rosenbach (NRRL 

+ 

No. B313) 

Serratia marcescens Bizio (ATCC no. 60) 

— 

Xanthomonas translucens f. sp. Hordei-avenae 

— 

Hagborg (ATCC No. 9000) 

Mycobacterium phlei Lehmann and Neumann 

-f- 

(ATCC No. 355) 

(Acid-fast) 

Sarcina lutea Schroeter (ATCC No. 272) 


Bacillus cereus Fr. and Fr.(C No. 401) 

+ 

Rkodococcus roseus Winslow and Rogers 

g. var. 

(ATCC No. 177) 

Bacillus sublilis Cohnr(NRRL No. 558) 

+ 


* ATCC, American Type Culture Collection ; 

NRRL, Northern Regional Research Laboratory; 

C, H. R. Curran, Bureau of Dairy Industry, 

Washington, D. C; 

D, S. P. Doolittle, Bureau of Plant_ Industry, 

Soils, and Agricultural Engineering, Belts- 
ville, Maryland; 

W, F. L. Wellman, formerly^ Bureau of Plant 
Industry, Soils, and Agricultural Engineer- 
ing, Beltsville, Maryland. 

3. For Fol. and Fob.: 

Si.x milliliters of sterile distilled water were used to 
wash down a four-day-old potato-dextrose slant of the 
organism. This aqueous suspension of spores was filtered 
through a thin, sterile, cotton plug to remove bits of the 
mycelium which would tend to give rise to irregular 
growth, if plated. One and three-tenths ml. of this fil- 
trate were added to 100 ml. of liquid Czapek-agar (42° C), 
and 4 ml. of the resulting suspension were used to flood 
the prepared plate evenly. After hardening of the agar, 
the covered plate was incubated for 24 hours at 28° C 
before the addition of the test solutions. 

The technique of “spotting" consisted of saturating, by 
imbibition, a standard filter-paper assay disc (S S: S 
740-E) with the test solution and immediately placing 
the disc on the inoculated surface of the prepared Petri 
dish. If the antibiotic was dissolved solely in an organic 
solvent, Uic filter-paper assay disc was saturated and 
placed in a N-acuum desiccator until the solvent had evap- 
orated. The dried disc was then saturated with water 
and immediately placed on the inoculated surface. The 
covered dish was then inverted and incubated under the 
same optimum conditions for tlie growth of the organism. 
Biological activity was determined by the presence or 
absence, and the relative sires, of zones of inhibition or 
stimulation, 

PrritV.inary jsir-.’ey e/ ssveei fetoio flantt 
Direct hot and cold aqueous extractions of the dried 
and ground whole Res. sweet potato plant resulted in 


solutions which generally stimulated the growth of the 
characteristic test microorganisms, Fol., Fob., Escherichia 
coli, and, to a slighter degree. Staphylococcus aureus. No 
effect was noticed with M. phlei. Similar results were 
noted for aqueous extracts of Res. tubers, leaves, stems, 
and Susc. tubers and stems. The water extracts of the 
Susc. leaves and of the roots, as well as the water- 
insoluble extraction residues of all plant parts except 
Susc. tubers, very slightly inhibited Fob. Direct aqueous 
extractions were abandoned as being unsatisfactory. 

When portions of dried and ground Res. and Susc. 
sweet potato plant parts were individually e.xtracted with 
methanol, the extract reduced to dryness by removal of 
the methanol, and the resulting residue taken up in water, 
the aqueous solutions thus produced, in marked contrast 
with the direct aqueous extracts, inhibited cultures of 
microorganisms previously unaffected or largely stimu- 
lated. Only the extracts of Susc. stems inhibited M. 
phlei. In almost all cases stimulation of some micro- 
oiganisms was apparent, concurrently with concentric 
zones of inhibition. 

Of the various plant parts extracted and assayed, the 
leaves and stems of both the plant-wilt-resistant and the 
susceptible varieties seemed to contain at least as much, 
if not more, inhibitory material than did the roots and 
tubers. Extracts of Susc. stems appeared to be the most 
active of all. 

Procedure for obtaining crude active extracts 

Weighed samples of dried and ground Susc. sweet 
potato stems were extracted with methanol for eight 
hours in a Soxhlet extraction apparatus. The dark green 
methanolic extracts were then concentrated to dryness 
in vacuo, and the residues were thoroughly extracted, 
portionwise, with sufficient warm distilled water to make 
the final volumes of clear, reddish-brown aqueous extract 


TABLE n 

Assay of crude active extracts* obtained from 
Susc. sweet potato stems 


Test orcamsm 

Aq.-Conc. 

Aq.-Conc4 

Fol. i 

■=■ -t--}- 

-h-f-f 

Fob. 


++ 

Escherichia coli 


0 

Staphylococcus aureus 


-+ 

Serratia marcescens 

4--j- 

0 

Mycobacterium ph.tei 

-f -f -r 

0 

Baecillus subtitis 


0 

Xanthomonas translucens 

-f* 4“ ” 

0 

Sarcina lutea 


i 0 

Bacillus cereus 


0 

Rkodococcus roseus 


0 


* complete inhibition; -f-f . p-irtinl inhibition; 

-f-, slight indication of inhibition ; ”, complete * timul.ttion ; 
”, parti.->.! stimubtion; -, slight mdic-ition cf stimubtion; 
0, no c.ffect; 0, no .nssay 

.Ml the org.tnisms listetl uerp not u*ed againit all 13 
preparations of each con ce.nt, rate. 

t Dilutions were made inch that no rr.crr tl.an tr.rf— 
d.-ops of org,anic ‘olvent siere a■Jd^l to each 10 ml. of .'.rar 
on any a^ay plate. 
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represent 1 gram o£ original stem material per ml. The 
aqueous solutions thus prepared were considered “concen- 
trates” and designated “Aq.-Conc.” They were found to 
contain most of the antibacterial activity. The non- 
water-soluble residues were taken up in minimal amounts 
of methanol and designated “MeOH-post-Aq.Conc.” 
The latter methanolic solutions, so prepared, contained 
most of the antifungal activity. 

The approximate average assay results of 13 separate 
preparations of Aq.-Conc. and MeOH-post-Aq.Conc. are 
summarized in Table II. 

Partial purification of active concentrates 
Measured weights and volumes of the clear, reddish- 
brown aqueous concentrate, Aq.-Conc., were stirred batch- 
wise for IS min. at 2S“ C with from 2.0% to 2.5% (by 
weight) of activated carbon (Darco G-60) < while the 
pH of the solution was controlled in the range of 4.0 to 
4.5 by the dropwise addition of 1 AT hydrochloric acid 
solution. The carbon was filtered and washed with sev- 
eral small portions of distilled water, and the washings 
were added to the deep orange-brown filtrate (effluent). 
The carbon cake was then transferred to a beaker and 
to it was added a volume of distilled water — equal to that 
of the original sample of Aq.-Conc. used. The mixture 
was again stirred for 15 min. while the pH of the solution 
was adjusted and controlled at from 7.0 to 7.5 by the 
dropwise addition oi IN ammonium hydro.xide solution. 

The carbon was then filtered from the solution, washed 
with several small portions of distilled water, and dis- 
carded. The washings were added to the sparkling, clear, 
pale-yellow cluatc. 

RESULTS 

The average assay results obtained from three 
separate batchwise adsorption-elution runs are 
summarized in Table III. 

These results seem to indicate that the water- 
soluble material that stimulates fungi may be sep- 
arated from the materials that inhibit bacteria. 
The material inhibitory toward Gram-positive bac- 
teria appeared to be concentrated in the neutral 
to slightly basic eluate. 

Colutnnar adsorption using an intimate mixture 
of equal parts of activated carl)on (Darco G-60) 
and Kieselguhr (Hyflo Super-CcI) resulted in 
irreversible adsoqition of most of the active ma- 
terial in tl'.c original concentrates. No significant 
quantity of active material could be eluted, at 
rcaso.nable pi! values, with water, methanol, or 
various uatcr-uiu-thanol mixtures. Percolation of 


‘nr trrr,*.; n c; thii an! ccrr.r:‘;rcbl products 

<! ■«n irr'’Iy t’-'Jt t’ -y are cr.'l^rsed or recommended 
t' : P'-'; drmtr;': c, ; Acriru'.turc ever ethers of a 


TABLE in 

Assay of partially purified aqueous concentrates obtained 
from Susc. sweet potato stems* 


Organism 

Aq.-Conc. 

Effluentt 

EluateJ 

Fol. 


S3 

0 

Fob. 


Sgg 

0 

Escherichia coli 

q — 

q — 

0 

Staphylococcus aureus 



-1-++ 

Xanthomonas translucens 

+ “i — 

+ + = 

q.q — 

Sarcina lutea 

+ + + 

+ 


Mycobacterium phlei 


0 

q-q-q. 

Bacillus cereus 

+ + + 

0 

! 

+ + + 


* The symbols are the same as those used in Table II. 
t Average pH value adjusted to 6.8. 
j Average pH value adjusted to 6.6. 


active concentrates through Kieselguhr (Hyflo 
Super-Cel) filter beds containing no carbon, like- 
wise resulted in irreversible adsorption and con- 
sequent loss of activity. 

The use of chromatographic column containing 
activated carbon (Darco G-60) with no siliceous 
filler produced indeterminate results not inconsist- 
ent with those in Table III. However, these at- 
tempts presented such mechanical difficulties that 
the method was abandoned. A search is now be- 
ing conducted for a physically and chemically suit- 
able and non-adsorbent filler for columnar use with 
finely divided carbon. 

Preliminary work with synthetic ion-exchange 
resins, such as the “Amberlites,” has been started. 
As yet, insufficient data have been accumulated to 
warrant drawing any general conclusions other 
than that they offer some promise for purification 
and concentration of the active materials. 

Some properties of active preparations 

The control of pH to within rather narrow 
limits appeared to be a critical factor for adsorption 
and elution of antibacterial substances. Except 
at the optimum pH values, an overall distribution 
of non-selective inhibitory and stimulatory ma- 
terial occurred. This was accompanied by some 
loss of total activity. All the active material was 
found to be soluble in polar, and insoluble in non- 
polar, solvents. The antifungal material appeared 
to be very soluble in methanol but not appreciably 
water-soluble, whereas all the antibacterial and 
all the stimulatory material appeared to be very 
soluble in water. 

Samples of active preparations seemed to re- 
tain their activity after being heated for as long 
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as eight hours at 100“ C. Samples refrigerated 
for one week at 4° C showed no perceptible dimi- 
nution of activity. The results of several investi- 
gations of serial dilutions on agar slants, made with 
different preparations of Aq.-Conc. against M. 
phlei, demonstrated that dilutions as low as 0.05 
ml. Aq.-Conc. per ml. of total solution completely 
inhibited the organism. This inhibition was. en- 
tirely retained after 10 days. The inhibitory ma- 
terial was considered bactericidal to M. phlei, in 
the aforementioned concentration, since it was 
found impossible to initiate growth of the organ- 
ism upon transfer of the attenuated culture to a 
fresh slant. 

DISCUSSION AND CONCLUSIONS 

Crude extracts of sweet potato plant parts con- 
tained a conglomerate mixture of non-selective in- 
hibitory and stimulatory activity. Since it has 
been found possible to separate, from crude ex- 
tracts, individual aqueous and methanolic fractions 
showing, respectively, the predominate bacterial 
activity and the major portion of antifungal activity 
(Table II), and since it has been further found 
possible to obtain fractions of the aqueous con- 
centrate, Aq.-Conc., which exhibit selective in- 
hibition to Gram-positive microorganisms (Table 
III), it has been postulated that at least two dis- 
crete inhibitory materials and one stimulatory ma- 
terial may be present in the total crude concen- 
trates. 

Although no sweeping conclusions can be d^a^vn 
at this time, the method successfully employed for 
the partial purification of the aqueous concentrates 
indicated that the antibiotic factor or factors re- 
sponsible for the activity against Gram-positive 
microorganisms may be polar in nature. If the in- 
hibitory effect against Gram-positive organisms 
resulted from the action of an individual sub- 
stance, then, as was indicated by the results of 
serial dilution investigations with M. phlei, this 
substance may be a bactericide in relatively low 
concentrations. 

It is fully appreciated by the authors that the 
present investigations were largely exploratory in 
nature and that the results reported represent work 
done on cnidc extracts and partially purified frac- 
tions. However, the partial isolation of active 
material selectively inhibitory, in t-itro, to Gram- 


positive microorganisms, particularly M. phlei, 
encourages speculation concerning the possible 
therapeutic applicability of this material in the 
treatment of some human, and possibly animal, 
mycobacterial infections. It is further realized 
that before any thought of possible therapeutic use 
of this active material can be seriously entertained, 
investigations in addition to those now in progress 
must demonstrate satisfactory and desirable kinds 
and degrees of activity and potency in vivo, stabil- 
ity under various conditions, and, among other 
properties, either no toxicity or sufficiently low 
toxicity to render feasible any administration. 

SUMMARY 

1. Aqueous and methanolic extracts of dried 
whole sweet potato plants and dried and ground 
plant parts were found, by the familiar disc and 
cup plate assay method, to contain both antibiotic 
and stimulatory activity when tested against cer- 
tain Gram-negative and Gram-positive bacteria 
(including one acid-fast form) and two forms of 
plant-wilt fungi. 

2. Of the plant parts from wilt-resistant and 
wilt-susceptible varieties that were extracted and 
assayed, the stems of the wilt-susceptible variety 
appeared to be the most desirable source of anti- 
biotic substances. 

3. By use of batchwise and columnar adsorption 
and elution techniques, it was possible to separate 
partially the antifungal from the antibacterial ac- 
tivity and to prepare partially purified concentrates 
exhibiting selective inhibitor}', and possibly bac- 
tericidal, activity against Gram-positive micro- 
organisms. 

4. Preliminary erddence is dted for postu- 
lating the existence of at last three discrete bio- 
logically active materials in the sweet potato 
plant. 

5. Some of the cliemical, physical, bacterio- 
logical, and mycological properties of the active 
solutions arc discussed. 

6. Preliminar}' antibacterial and antifungal spec- 
tra of the %'arious active extracts and fractions arc 
presented. 

ACK :.’0 WtXDG ir E :.-T 

TJ'.e znUt2r.ee of Ifri. Bj.-bara in ccn'In-n.tr.z 

anubiotk astars, zrti of Fri-nri; Geiy for rrc-.- 
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aration of some sweet potato extracts, is greatly appre- 
ciated. 
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THE PARTIAL PURIFICATION AND PROPERTIES OF ANTIBIOTIC 
SUBSTANCES FROM THE BANANA {MVSA SAPIENTUM) 

By WILLIAM E. SCOTT, HAZEL H. McKAY, P. S. SCHAFFER, 

AND THOMAS D. FONTAINE 

(From the Bureau of Agricultural and Industrial Chemistry, Agricultural Research Center, 

Beltsville, Maryland) 


Recent investigations have shown that extracts 
of higher plants contain substances which inhibit 
the growth of bacteria and fungi (1). In a pre- 
liminary survey conducted by this laboratory, ap- 
proximately 40% of the extracts from the 80 plants 
tested exhibited either antibacterial or antifungal 
activity or both. Among the plants tested was the 
banana. Bananas have been used clinically for 
dietary purposes and for some intestinal disorders 
(2), but their beneficial effect has never been at- 
tributed to the presence of antibiotic substances. 
The banana skin has been referred to as nature’s 
bacteria-proof wrapper and investigations have 
shown that when bananas were immersed in fluids 
containing cultures of known organisms there was 
no evidence of a penetration into the interior (3). 

The purpose of this paper is to present the 
partial antibiotic spectrum of extracts obtained 
from the pulp and skins of green, naturally rip- 
ened, and ethylene-ripened bananas, and from 
banana leaves and petioles, and to describe the 
partial purification of these antibiotic substances. 

EXPERIMENTAL 
Preparation of extracts 

Fresh undried plant material was extracted with water. 
Plant material previously dried at 85° C in a forced-draft 
oven and ground to pass a medium Wiley mill screen 
was extracted with methanol or petroleum ether (b.p. 
35-60° C) . Aqueous, methanol, and petroleum-ether 
extracts were concentrated until eacli milliliter of solu- 
tion was equivalent to 1 gm. of the plant material. In 
some experiments the organic-solvent extracts were crap- 
oralcd to drjmcss and sufficient water to make each milli- 
liter of solution equivalent to 1 gm. of original plant 
material was then added to the residues. Frequently, not 
all of the substance dissolved by organic solvent was 

* Presented at the Second National Ssanposium on 
Recent Adrances in Antibiotics Rcsearcli held in Wash- 
ington, D. C., .‘Xpril 11-12, 19-19, under the auspices of the 
.■\ntibiotics Study Section, National Institutes of Hcallli, 
Public Health Service. Federal Security .^genes'. 

= Report of a study made under the Rcseardt and 
Marketing .\ct of 1916. 


soluble in water. In these cases the water-soluble por- 
tion was removed, and the water-insoluble portion was 
tested separately. The pH of all aqueous solutions was 
determined and then adjusted to 6-7 for assay, although 
no appreciable difference in the size of inhibition zones 
was noted when the aqueous solutions were not adjusted 
from their normal pH of 4.0 to 5.5. 

Method of assay 

Sterile, 90 mm. petri dishes, containing 20 ml. of solidi- 
fied agar media, were warmed to 45° C and flooded with 
4 ml. of agar, seeded with bacterial cells or fungus spores. 
In the cylinder cup-plate method the plant e-xtracts were 
pipetted into the cups which had been placed on the in- 
oculated agar, and in the paper disc method the discs 
were immersed in the plant extract long enough to become 
saturated with the solution and then dried in a vacuum 
desiccator. Before they were placed on the inoculated 
agar the discs were moistened with distilled water. The 
agar plate was incubated for a fixed period of time at a 
temperature that was optimum for the growth of the 
organism. The zones of inhibition around the cups or 
discs were measured to obtain a relative indication of 
the amount of antibiotic agent in the extract Sec (1) 
for source of organisms. 

Antibiotic activity of crude extracts 

Aqueous extracts of banana leaves and petioles showed 
no detectable antibiotic activity. The water-soluble por- 
tion of the substance extracted by methanol exhibited no 
appreciable antifungal activity, whereas the water-insolu- 
ble portion inhibited the growUi of the fungus Fusarium 
oxysporum f. lycopcrsici. 

Some antibacterial activity was detected in the methanol 
extracts of both plant parts. The water-soluble portion 
of the substance extracted from leaves by methanol in- 
hibited Xanthomonas translucer.s f. sp. kordei-aver.ae and 
Rhodococcus roscus and partially inhibited Sarcir.a lutea 
and Serratia tnarcescer^, whereas the same portion from 
the methanol extract of petioles inhibited Staphylcccccui 
aureus, S. lutea, Mycobacteriurr. phlri, and R. resrur. 

A comparison of tljc antifungal and antibacte.-ial activi- 
ties of the water-soluble substance i.n metlianol extracts 
of the pulp and skins of green, naturally ripcr.fl, an-1 
ethylene ripened bananas * is shown by Table I. 

*Tne green, naturally rg-mH a.nl eth>l-ne rg-r.' I 
Isaranas were cbtair.ed frem i:-.r ilureau c; Flint Ini-.;., 
try. Soils, and .wrrirultura! I->.gi.-.-t:ir.g, Lcltr. 
Marylani 



900 


WILLIAM E. SCOTT, HAZEL H. MCKAY, P. S. SCHAFFER, AND T. D. FONTAINE 


TABLE r 

Comparison of ike aclivUies* of extracts obtained from the pulp and skins of green, naturally ripened, 

and ethylene-ripened bananas 


Organiamt 

Skins j 

Pulp 

Green 

Naturally 

ripened 

i 1 

1 Ethylene- ; 

ripened j 

Green 

Naturally 

ripened 

Ethylene- 

ripened 

Fusarium oxysporum f. 
lycopersici 

294- 

j 254- 

i 

294- 

1 

17-,254- 

284- 

32.54- 

Escherichia coU 

27(-) 

25 4-. 28- 

224-, 28- 

23(-) 

254-, 33- 

284-, 34- 

Staphylococcus aureus 

18(4-), 23(-) 

25-|-,28(-) 

i 194-,25(4-) 
30(-) 

20(4-) 

274-, 32- 

274-, 35- 

Serratia marcescens 

26(4-), 33(-) 

274-, 34- 

32-P, 37- 

24(4-), 33(-) 

284-, 35- 

304-, 37- 

Mycobacterium phlei 

18(-) 

4- 

194- 

0 

4- 

184- 

Bacillus subtilis 

1 


194-, -, 
33(4-), (-) 



174-, — 

39(4-), 42(-) 

Sorcina luiea 



294- 



254- 

Rhodococcus roscus 



284-, (-) 



234- 

Xanthomonas Iranslucens 
f, sp. hordei-avenae 



304- 



244- 


• The numbers refer to the diameter of the zone in millimeters; for instance, 2S+, 28— means an inhibition zone of 
25 mm. and a stimulation zone of 3 mm. beyond the 25 mm. zone. +, inhibition; ( 4 *), partial inhibition- — stimula- 
tion; (— ), partial stimulation; 0 = no effect. _ ' ’ 

t See previous paper (1) for source of organisms. 


RESULTS 

Antifungal activity was exhibited by all six ex- 
tracts, There was very little, if any, measurable 
antibacterial activity in either the pulp or skins of 
green bananas, but there was appreciable antibac- 
terial activity in the pulp and skins of ripe bananas. 
In some instances tlie inhibition zones were sur- 
rounded by zones of stimulation. This may be 
due cither to the carbohydrates which are pres- 
ent, mainly as sugars, in ripe bananas (4) or to 
a subminimal amount of antibiotic at the outer 
edge of the zone of inhibition or to a combination 
of both factor.^. The partial inhibition zones re- 
sulting from extracts of the pulp and skins of 
green bananas may be explained by the fact that 
some of the Ivananas were partly ripe. It appears 
that the antib.acterial activity of bananas is due 
to the formation of inliibitory compounds during 
ripcm'ng. Petroleum ether did not extract any of 

t!;v ru'tive substance from either the pulp or the 
♦ ♦ 

.•\gar s’;'.nt< of the water-soluble portion of a 
».Tu !- n.wthiT'.ol extract of tb.e skin.- indicate that 
V." -u' 'tance at a o nrentration of 0.25 gm. of 


dried plant material per ml. of medium is fungi- 
static to F, oxysporum f. lycopersici, Trichophyton 
mentagrophytes, Monosporium opiospernium and 
Blastomyces dermatitidis. 

Fractionation and partial purification 

Dried skins (1,325 gm.) from ethylene-ripened 
and naturally ripened bananas were combined and 
extracted, batchwise, with 10 successive 1,500-ml. 
portions of hot methanol, and the combined ex- 
tracts were subsequently concentrated to approxi- 
mately 2 liters. When this concentrate was cooled 
to — 20° C, some resinous material was precipi- 
tated. The supernatant methanolic solution was 
filtered and concentrated under reduced pressure 
to approximately 1,300 ml. so that each ml. of 
solution represented about I.O gm. of dried skins. 
This solution showed a notable increase in anti- 
fungal activity, producing an inhibition zone of 62 
mm. against F. oxysporwn f. lycopersici, which is 
more than twice the diameter of the zone produced 
by solutions from which the resinous material had 
not been separated, but it did not show any ap- 
preciable change in antibacterial activity. As- 
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says of ethanol solutions of the resinous ma- 
terial showed slight inhibitory activity toward bac- 
teria and some stimulatory activity toward F. 
oxysporum f. lycopersici. 

Thus far, chromatographic adsorption of the 
antibiotic substances in methanol extracts, and in 
the petroleum-ether-soluble portion of methanol 
extracts, by activated alumina has not proved very 
satisfactory. Activated carbon (Darco G-60)^ 
did not adsorb the antibiotic substances from an 
aqueous extract (pH 5.0) of the methanol con- 
centrate. 

Low pressure distillation of a methanol con- 
centrate of ripe banana skins produced a small 
amount of liquid from which a few crystals have 
been obtained. During the distillation, at 2-mm. 
pressure, the tendency to foam was controlled by 
cautious heating. A few drops of distillate were 
collected at a pot temperature of 180-190® C, and 
a few additional drops as the pot temperature rose 
to 250° C. Both distillates were readily soluble 
in ethanol, but upon the addition of a few drops 
of water the solutions became turbid. Crystals 
formed in each solution when cooled in the refrig- 
erator for a few days. At the time of writing, the 
crystals had not been tested for antibiotic activity, 
but the original solution from which the crystals 
separated had been found to exhibit both antifungal 
and antibacterial activity (Table II). The physi- 
cal and chemical properties of the crystalline sub- 
stance have not yet been determined. 

TABLE II 

Aclivily of the disliUate obtained from ripe banana skins 


Organism* Inhibition zones 

mm, 

Fusarium oxysporum f. lycopersici 29 

Escherichia coli 35 

Staphylococcus aureus 30 

Sarcina lulea 42 

Xanthomonas Iranslucens f. sp. 

kordei-aeeuae 41 

Mycobacterium phlei 35 

Bacillus cereus 33 


• Sec previous paper (1) for source of organisms. 

DISCUSSION 

The results show that all four parts of tlie banana 
plant tested contain some extractable antibiotic 

* The mention of this and other commercia! products 
docs not imply tliat they are endorsed or recommended 
l>y llic Department of .•Xgiiculture over others of a simi- 
lar nature not n'.cntioned. 


agent (s). Since the pulp and skins of both 
green and ripe bananas showed antifungal activity, 
and the pulp and skins of only ripe bananas showed 
antibacterial activity, it seems likely that there are 
at least two separate antibiotic agents in ripe ba- 
nanas. Further, the antibacterial substance ap- 
pears to be a product formed during the ripening 
process. It is interesting to note that a vacuum- 
distillable substance was obtained from ripe ba- 
nana skins which had both antifungal and antibac- 
terial activity. 

Adsorption on alumina and on activated char- 
coal produced no positive results, but these pro- 
cedures have not yet been fully investigated. 

The in vitro antifungal and antibacterial ac- 
tivity of the various parts of the banana plant war- 
rants further investigation to isolate, identify and 
characterize the active substance or substances. 
Because of the in vitro effectiveness of these 
principles, toxicological investigations are now in 
progress. 

SUMMARY 

1. Extracts of banana leaves were found to be 
only slightly antibacterial, whereas extracts of 
stems inhibited the growth of two Gram-positive, 
one acid-fast Gram-positive, and one Gram-vari- 
able bacterium. 

2. Extracts of the pulp and skins of green ba- 
nanas inhibited only the fungus F. oxysporum f, 
lycopersici. 

3. Extracts of the pulp and skins of ripe bananas 
effectively inhibited F. oxysporum f. lycopersici, 
Escherichia coli. Staph, aureus, S. marccsccns, 
M. phlei. Bacillus subiilis, S. lulea, R. roseus, and 
X. iranslucens f. sp. hordei-avenae. 

4. A substance distillable at low pressure ef- 
fectively inhibits F. oxysporum f. lycopersici, E. 
coli. Staph, aureus, S. lutea, M. phlei. Bacillus 
cereus, and X. Iranslucens f. sp. hordei-avenae. 

5. The results indicate that the banana plant 
contains one or more substances with therapeutic 
possibilities prorided their toxicity and in vivo 
activity are favorable. 
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ANTIBIOTIC STUDIES ON AN EXTRACT FROM 
LEPTOTAENIA MULTIPED A ® 

By G. a. MATSON, A. RAVVE, J. M. SUGIHARA, and W. J. BURKE 

(From the Departments of Bacteriology and Chemistry, University of Utah, and the 
Latter-Day Saints Hospital, Salt Lake City, Utah) 


Numerous surveys (1—8) have demonstrated 
the wide occurrence of antibiotically active ma- 
terials in higher plants. In a recent investigation 
Matson and Flowers (9) examined 440 plants 
found in Utah and neighboring states. Certain of 
these plants have long been used for medicinal 
purposes by both American Indians and white 
men. Among the families which appeared to con- 
tain a higher percentage of species and genera 
containing antibiotic substances was the Umbel- 
liferae family. Matson and Flowers found in 
preliminary experiments that an aqueous extract 
of the root and leaves of Leptotaenia multijeda, 
commonly known as “Indian carrot,” inhibited 
growth of Micrococcus aureus and Escherichia 
colt. The root of L. multijeda has been used by 
the Gosiute Indians in the form of a paste for ap- 
plication upon wounds, cuts or bruises where the 
skin was broken (10) . This dressing was particu- 
larly applied in case of infection. 

Some of the preliminary work of the present 
paper was reported by Rawe (11). At about the 
same time a publication by Carlson and Douglas 
(12) described the antibiotic activity of oil frac- 
tions obtained from the root of a related plant, 
Leptotaenia dissecta. Further work on the ex- 
traction and purification of an oil from the root of 
L. multijeda and a study of its antibiotic proper- 
ties is herein described. 

METHODS 

Extraction and purification. L. multifcda was collected 
on the foothills of the Wasatch Range northeast of Salt 
Lake City, Utah. The plants were stored in a refrigera- 

* Presented at the Second National Symposium on 
Recent Ad\-ances in Antibiotics Research held in Wash- 
ington, D. C., April 11-12, 19-59, under the auspices of the 
Antibiotics Study Section, National Institutes of Health, 
Public Health Service, Federal Security Agenc)’. 

- This investigation vas aided by a grant from the 
Miles I-aboratories, Inc., Elkh-art, Indiana. 

* Presented at the Sjanposium on Recent .Adrances in 
.Antibiotics Research, sponsored by the Natior.al Institutes 
of Health, Waslrington, D. C, April, 1949. 


tor until used. Among the several methods studied for 
the extraction of oil from the root, the following repre- 
sents a preferred procedure. The water-washed and 
peeled root was macerated in a meat grinder, placed in a 
flask and covered with ethyl acetate. After 24 to 48 
hours at room temperature the mixture was filtered, and 
the solvent was removed under reduced pressure from 
the yellow filtrate. The recovered ethyl acetate was 
suitable for reextraction purposes. The extraction was 
conducted at room temperature in order to minimize any 
tendency toward loss of activity through polymerization. 
The extraction of a given batch of root was repeated 
three times. This procedure yielded approximately 9% 
of crude extract by weight of the cleaned, peeled, wet root 
of L. multifeda. 

The crude extract was washed 10 or more times with 
water. This treatment gave material which will be des- 
ignated as extract purified by water washing. 

A more complete purification procedure involved treat- 
ment with sodium bisulfite. The crude oil was first 
washed thoroughly with a dilute, aqueous solution of 
sodium bicarbonate and then thoroughly washed with 
water. To ISO ml. of a saturated solution of sodium 
bisulfite in 95% ethanol was added a solution of 25 ml. 
of oil in ISO ml. of absolute alcohol. The resulting pre- 
cipitate was filtered and washed with several portions of 
ethanol. There was no visible evidence of unrcacted oil. 
The bisulfite addition complex was added to a two phase 
mixture of 30% aqueous acetic acid and petroleum ether 
(b.p. 30-60° C.). The petroleum ether, containing the 
liberated oil, was washed 10 or more times witli water 
and dried over anhydrous sodium sulfate. Solvent re- 
moval under reduced pressure left the regenerated oil in 
SO to 60% yield based on the crude oil. The resulting 
product was dissolved in alcohol-free benzene and was 
passed through a column packed with Magnesol ‘-Cclitc “ 
(five to one, by weight) to remove polymerized material. 
Solvent removal left a light yellow oil in approximately 
50% yield based on the bisulfite purified extract Elution 
of the column with 200 to 1 benzenc-etlianol (by volu.me) 
followed by solvent rcmos-al gave a brown viscous oil. 

The use of ctlylene glycol as a carrier in distillations 
under reduced pressures appeared to be useful if small 
quantities only of the oil were desired, .-^t 60’ C. and 
several microns pressure ethylene glycol and the oil, 
whicli were immiscible, distilled in the volu.me ratio of 
about five to one, respectively. 

*A product of Westvaco Chl'ri.ne Pred-stts Co, Sc'.rth 
Charleston. West Virginia. 

- No, 535. .A product of Jc-h.ns-hfanville Co, New 
York, New Vr-rk. 
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Agar plate assay. To 250 ml. of cooled melted agar 
medium was added S ml. of an 18 to 24 hour broth culture 
of the test organism. An amount of 20 ml. of the seeded 
agar was poured into each petri plate and allowed to 
harden at room temperature. A sterile filter paper disc 

10 mm. in diameter was immersed in the material to be 
assayed. Excess liquid was allowed to drain, and the disc 
was placed in the center of the poured plate. Plates 
were observed after 18 to 24 hours incubation at 37° C. 
The diameter of the zone of inhibition was measured to 
the nearest millimeter and noted as complete or partial. 
The figures given are averages of three or more plates. 
Dilutions of the materials tested were made in sterile 
mineral oil, Saybolt viscosity 335-350 at 38° C. Min- 
eral oil controls were made with each organism. Peni- 
cillin G sodium at a concentration of lO"* Gram 'per ml. 
of aqueous solution was used for comparative purposes. 
In addition Duracillin diluted with peanut oil to contain 
the same number of penicillin units per ml. as the aqueous 
solution was employed. 

Broth tube assay. To 4.5 ml. of serial dilutions of the 

011 in sterile mineral oil was added 0.05 ml. of a one to 
100 dilution of an 18- to 24-hour broth culture of the test 
organism. The tubes were shaken to distribute the or- 
ganisms thoroughly through the mineral oil. After one- 
fourth, one-half, one, eight, and 24 hours, loopfuls (diam- 
eter of loop 4 mm.) of the suspensions were withdrawn 
from each tube and added to sterile broth. All tubes 
were observed for growth 48 hours after inoculation. 

Toxicity assay. The animals used were 20-Gram, male, 
Swiss, white mice eight to ten weeks old. All mice re- 
ceived one subcutaneous injection. In certain instances 
the oils were diluted with sterile peanut oil to facilitate 
injection. The crude extract was free of ethyl acetate. 
Sterile peanut oil was used as the control. 


RESULTS 

Ethyl acetate extraction of the washed and 
peeled macerated root of L. mnltifeda provided a 
rapid and convenient means of obtaining a yellow, 
water insoluble oil in high yield. 

The crude extract was tested in vitro for anti- 
bacterial properties against 14 representative 
Gram-positive and Gram-negative organisms 
(Table I). Complete or partial inhibition of 
growth was exhibited with ten organisms in- 
cluding all of those belonging to the Gram-positive 
group. In most cases in which the oil was active, 
it was effective at a concentration of 10'® in min- 
eral oil. At comparable concentrations (10'®) 
penicillin and the crude oil were roughly equally 
effective against the organisms susceptible to both 
agents. 

The extract purified by water washing was also 
evaluated in agar plate tests (Table II). On the 
whole and particularly at the lower concentrations, 
thorough washing with water appeared to have 
resulted in greater activity. The aqueous extracts 
from the washing treatments did not show any ap- 
preciable activity against Gram-positive organisms. 

The effectiveness of the water-washed extract 
against three organisms in nutrient broth tests 
was also determined (Table III). These results 
were comparable with those obtained in agar 


TABLE I 

Activity of a crude extract 


Orcanijm 

Diameter of zone of inhibition in mm. 

Straight 

Cone, in mineral oil 

10-1 

10-1 

jo-» 

10-4 

10-« 

10-4 

Micrcccccus aureus 

SO 

55 

47 

25 

14 

12 


Ccfynebacteriurr, diphtheria 

42 

34 

28 

18 

14 

n 

n 

Diptoccccus pneumoniae HI 

37 

40 

28 

22 

n 

n 

n 

Streptococcus pyogenes 

33 

44 

30 

25 

15 

n 

n 

BaciUus subtilis 

24 

32 

28 

20 

n 

n 


Vib'io comma 

45 

33 

35 

26 

n 

n 


Neisseria catarrkaJis 

J7 

39 

29 

22 

12 

n 


lischerichiz coli 

40p 

37p 

15p 

n 

n 

n 

n 

rsruicmcnas ceruiinota 

33p 

ISp 

n 

n 

n 

n 

n 

rroteus vulgaris 

Dp 

I3p 

n 

n 

n 

n 

n 

sch ett m ue!. er i 

n 

n 

n 

n 

n 

n 

n 


n 

n 

n 

n 

n 

n 

n 

I.l’briu.a pneumonize 

n 

n 

n 

n 

n 

n 

n 

Smratia ma'ceserns 

n 

n 

n 

n 

n 

n 

n 


r — c > srrhiVtti 'ri 


Penicillin G. lO'*, in 


Peanut oil 

Water 

20 

24 

40 

43 

17 

22 

27 

32 

27 

33 

41 

50 

26 

31 

19 

! 25 

n 

( n 


37p 

27 

33 

13 

18 

14 

17 

n 

n 
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TABLE n 

Activity of extract purified by water washing 


Diameter of rone of inhibition in mm. 


Organism 

Straight 

Cone, in mineral oil 

Penicillin G. lO"*, in 

10-1 

10-1 

1 

io-» 

1 

xo** 

10-» 

I0-« 

Peanut oil 

Water 

Micrococcus aureus 

78 ' 

58 

29 

24 

14 

11 

n 

20 

24 

Corynebacterium diphtheria 

56p 

48p 

39p 


18p 

n 

n 

40 

43 

Diplococcus pneumoniae III 

51 

44 

36 

28 

18 

14 

n 

17 

22 

Streptococcus pyogenes 

39 

24 

i 29 

27 

21 

11 

n 

27 

32 

Bacillus sublilis 

51 

39 

34 

22 

13 

n 

n 

27 

33 

Vibrio comma 

61 

43 

32 

31 

14 

n 

n 

41 

50 

Neisseria catarrhalis 

74 

67 

39 

35 

IS 

13 

n 

26 

31 

Escherichia cali 

45p 

17p 

14p 

lip 

n 

n 

n 

19 

25 

Pseudomonas aeruginosa 

24p 

14p 1 

12p 

n 

n 

n i 

n j 

n 

n 

Proteus vulgaris 

15 

14 

13 

n 

n 

n 

n ! 

33p 

37p 

Klebsiella pneumoniae 

n 

n 

n 

n 

n 

n j 

n 

14 

17 

Serratia marcescens 

12 

15 

13 

n 

n 

n 

1 

n 1 

1 

n 

n 


n — no inhibition 
p — partial inhibition 


TABLE III 



~ indicates no growth 
+ indicates growth 


TABLE IV 


Activity of bisulfite treated extract after and prior to passage through iSfagnesol-Celite 


Orcanism 

Diameter of zone of inhibilion in mm. 

Straight 

Cone, in mineral o;l 

lO-t 

J0-> 

io*> 

I0-< 

io-« 

Micrococcus aureus 
Streptococcus pyogenes 
Bacillus subtuis 

Vibrio comma 

Escherichia coli 

Serratia marcescens 

90(37p) 

S5(S5p) 

34p(n) 

23p(n) 

78(45) 

SS(25p) 

82(28) 

E3(77p) 

J6(n) 

23p(n) 

61(20) 

30(27p) 

6S(21) 

5S(42p) 

14{n) 

IJp(n) 

32(15) 

30(19p) 

3S(1S) 

30{26p) 

13p(n) 

14p(n) 

17(14) 

20(1 5p) 

17(12) 

19(16p) 

n(n) 

r.(n) 

11(11) 
fipil Ip) 
13fn) 
6p(14p) 

n(n) 


Figures in p.ircnthcscs arc actisitics prior to passage through Magnerol-Ce'.ite. 
— not done_ 
n — no inhibition 
p — parti-al inhibition 
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TABLE V 

Effect of the oil on acid-fast organisms 


Diameter, zone of inhibition 
in ram. 



Crude 

extract 

10-1 

1 

i0“« 

io-» 

io-< 

Mycobacterium lacticola 

55 

49 

41 

22 

12 

M. phlei 

57 

42 

36 

17 

12 

M. tuberculosis, var. hominis 

40 

40 

22 

15 

11 


plate tests in that the oil was much more active 
against the Gram-positive organisms. 

Regeneration of the oil from the crystalline so- 
dium bisulfite addition complex was accomplished 
by treatment with aqueous acetic acid. Although 
the reaction mixture was cooled, some polymeriza- 
tion appeared to have occurred as evidenced by the 
increased viscosity of the resulting oil. When 
this material in benzene solution was passed 
through a column packed with Magnesol-Celite 
(five to one, by weight), an oil with greater fluid- 
ity was obtained upon removal of solvent. The 
activity of this material was determined (Table 
IV) and found to be significantly greater than 
either the crude or the water-washed extract. The 
dark viscous oil adsorbed on the column exhibited 
but little activity against M. aureus. 

The crude oil was found to be effective against 
both pathogenic and non-pathogenic acid-fast or- 
ganisms (Table V). In all cases zones of com- 
plete inhibition were obtained at a concentration 
as low as 10'* in mineral oil. 


TABLE VI 

Toxicity of extract toward mice 



Do?c in 
r*./. 

No. of 
mice 

Fatalities 

Crude 

0.025* 


0 


O.OSf 

3 

3 

Water %v.-\‘;hcd 

0.30 

2 

0 

i 

0..50 

2 

0 

purified 

0.03 1 

3 

0 

O.ISJ 

3 

0 

through rolumn 

O.IS 

2 

0 

on co!i,'rrin 

0.15 

2 

0 

r-.MUUt (':! enr.trid 

0.50 

, 1 

! 

0 


* v. It?', o;| 

* n.' t' 

; P : t: n r.'.l x.Wz r.-r;ut oH 


Crude, water-washed, and bisulfite-purified 
specimens of the oil were tested for toxicity to- 
ward mice. ■ Bisulfite-purified extract passed 
through Magnesol-Celite and material adsorbed 
on the column were also evaluated. The low; 
toxicity of the water-washed and bisulfite-purified 
oils was indicated by the fact that subcutaneous 
injections of from 0.9 to 2.5 % of body weight of 
the mice did not noticeably affect their behavior 
(Table VI). Tolerance of the crude extract be- 
fore washing with water was considerably lower. 

The heat sensitivity of the crude oil was indi- 
cated by the reduction of activity against M. aureus 
and also by the increase in viscosity when the oil 
was maintained at 100° C, or higher for one hour 
(Table VII). Oil obtained by steam distillation 
of the crude extract at atmospheric pressure (640 
mm.) likewise showed reduced activity against 


TABLE VII 

Effect of heat on a crude extract 


Cone, in 
mineral oil 

Activity against Micrococcus aureus 

Diameter of zone of inhibition in mm. 

Control 

unheated 

1 Hour at *C. 

100 

ISO 

200 

10-1 

47 

40 

IS 

27 

10-2 

36 

19 

18 

11 

io-» 

25 

IS 

11 

n 

io-« 

21 

11 

n 

n 

lO-i^ 

14 

n 

n 

n 


this organism. No appreciable loss of activity 
against M. aureus, however, was noted when the 
crude oil was heated in ethyl acetate at 69° C. for 
two hours. 

DISCUSSION 

The fact that an antibiotically active oil can be 
extracted from L. viultijeda in high yield has 
greatly facilitated the investigation of this material 
since ample quantities for the desired laboratory 
studies were readily obtained. 

While the oil was quite effective in agar plate 
tests against certain Gram-negative organisms 
such as Vibrio comma and Neisseria catarrhalis, 
it appeared to be much more generally active 
against members of the Gram-positive group. 
This was indicated by the complete inhibition ob- 
tained even at concentrations of 10*’ with all 
Gram-positive organisms used. These included 
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M. aureus, Corynehacterium diphtheria, Diplococ- 
ciis pneumoniae III, Streptococcus pyogenes, and 
Bacillus subtilis. These tests suggest that the oil 
diffused through an essentially aqueous medium. 
A water-insoluble antibiotic of this nature might 
afford effective action for a comparatively long 
period of time in vivo. The oil was also effective 
in vitro against Mycobacterium tuberculosis, var. 
hominis and the two other acid-fast organisms 
tested. The results indicate the desirability of in 
vivo tests, which are in progress. 

Washing the crude extract with water provided 
an effective means of removing material which 
was somewhat toxic to mice. The fact that sub- 
cutaneous injections of water-washed oil equiva- 
lent to 2.5% of the weight of the mice did not 
produce any deaths, or even any noticeable differ- 
ence in behavior, suggested that the active ma- 
terial was only slightly if at all toxic to mice when 
administered in this way. 

Heat stability tests showed that the oil under- 
went polymerization readily at 100 to 200° C. 
with a gradual loss in activity against M. aureus. 
This tendency toward polymerization upon heat- 
ing complicated the purification of the oil since 
conventional distillation procedures even at low 
pressures and in the presence of antioxidants were 
not feasible. Distillation in the presence of im- 
miscible liquids such as water or ethylene glycol 
offered a means of obtaining small quantities of 
distilled oil. A purification procedure involving 
regeneration of the oil from a sodium bisulfite ad- 
dition complex, however, was found to be a con- 
venient means of obtaining an oil of greatly en- 
hanced antibacterial activity. 

The oil, obtained by ethyl acetate extraction of 
the root of L. multijcda, appeared to be quite dif- 
ferent in certain respects from the oil fractions 
Carlson and Douglas (12) obtained by the steam 
distillation of the root of L. dissccta. Both of these 
plants belong to the UmbcUifcrac family. Tlic 
yellow oil obtained from L. dissccta was reported 
to decolorize upon standing in air and to be bac- 
tericidal against E. coU in a short time in broth 
tests. This behavior was clearly in contrast with 
that shown by the oil from L. multijcda, whicli 
showed no tendency toward decolorlzation even 
after several ■weeks in air, and which was only 
slightly effective against E. coli in broth tests and 
then only after long contact. Further, the active 


oil obtained by Carlson and Douglas was described 
as being heat stable while the extract of L. multi- 
feda undergoes polymerization at temperatures of 
100° C. or higher with a concomitant reduction 
in activity. 

Major emphasis thus far has been placed on the 
extraction and purification of the oil with a view to 
devising a satisfactory procedure for obtaining the 
active material in reasonably pure form. In pre- 
liminary chemical studies the oil was found to de- 
colorize readily aqueous potassium permanganate 
and bromine in carbon tetrachloride. This be- 
havior along with other results suggests that the 
antibiotic may be an unsaturated carbonyl com- 
pound containing only carbon, hydrogen, and 
oxygen. Further chemical studies are in progress. 

SUMMARY 

1. A light yellow, water-insoluble oil possess- 
ing antibiotic properties has been obtained in high 
yield by the ethyl acetate extraction of the macer- 
ated root of L. multijeda. 

2. The oil showed considerable activity in vitro 
against the five Gram-positive organisms and also 
against certain of the nine Gram-negative bac- 
teria tested. 

3. Penicillin G and the crude or the water 
washed extract at concentrations of lO*- were 
roughly comparable in agar plate tests in anti- 
bacterial activity against the Gram-positive and 
Gram-negative organisms sensitive to both. 

4. Complete inhibition of acid-fast organisms, 
including M. tuberculosis, var. hominis, by the ex- 
tract was observed at a concentration as low as 
10** in mineral oil. 

5. A procedure involving regeneration of the 
sodium bisulfite addition complex of the oil re- 
sulted in a purified material having substantially 
enhanced bactericidal activitj'. 

6. Water washed or bisulfite purified extract 
showed no visibly noticeable toxic effect in mice 
when relatively large doses were given siilKutane- 
ously. 

7. Preliminary chemic.'il studies suggest th.at the 
oil may be an unsaturated carlwrsyl compour.d con- 
taining only carl>on, hydrogen and oxygen. 

.SCKNOWL.a>n!!r..VT 

Thj technical s'ii'U.rrc of D-.-rjiti I'*;!:.-; ir-5 
Esr’.b is zckr.s-*ledsrd. 
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FACTORS INFLUENCING THE ANTIBIOTIC ACTIVITY 
OF LUPULON"-^'® 

By YIN-CH’ANG CHIN, NAI-CH’U CHANG,^ and HAMILTON H. ANDERSON 

(Division of Pharmacology and Experimental Therapeutics, University of California Medical 

School, San Francisco, Calif oniid) 


Lupulon is one of the two lipid-soluble antibi- 
otics prepared from hops (Humulus lupulus L.) 
(1, 2). Michener et al. reported antifungal ac- 
tivity for both lupulon and humulon. Salle et al. 
(3) confirmed Shimwell (4), that Gram-positive 
organisms are more susceptible to lupulon than 
are Gram-negative bacteria. Chin et al. (5) re- 
ported its antituberculous activity both in vitro and 
in vivo. These findings and its relatively low tox- 
icity (6) indicated that lupulon may be an effective 
chemotherapeutic agent. It becomes, therefore, 
desirable to investigate some important factors 
which may influence its activity either in vitro or in 
vivo. 

MATERIALS AND METHODS 

Crystalline lupulon used throughout this experiment 
was prepared at the Western Regional Research Lab- 
oratory, Albany, California. One % solution can be 
made in alkaline water at pH around 11.5 or by dis- 
solving the crystals first as 10% solution in ethyl alcohol 
and then diluting up to volume with propylene glycol. 
The antibiotic activity has been found to be the same 
whether the solution was first made in alkaline water or 
in propylene glycol. The latter solution has a pH at 4.8 
and has been used, freshly prepared with aseptic precau- 
tions, as the stock for further dilutions in alkaline water, 
serum, or culture media. 

Staphylococcus aureus (FDA No. 209), Mycobacterium 
phlci, and Mycobacterium tuberculosis H37Rv were used 
in the experiments. Unless otherwise mentioned, veal- 
glucose broth (7) was used for growth of and tests on 
Staph, aurnis, and Dubos and Davis fluid medium (8) for 
the mycobacteria. The Coleman junior spectrophotom- 
eter was used for turbidimetrlc determinations of Uie 
growth of organisms. 

> Presented at the Second National Symposium on 
Recent Advances in Antibiotics Research held in Wash- 
ington, D. C., April 11-12, 1949, under the auspices of the 
Antibiotics Study Section, National Institutes of Health, 
Public Health Sciwicc, Federal Security Agency. 

®Part of a cooperative study with Drs. J. I^vis and 
G, Alderton, Western Regional Research Laboratory, 
U. S. Department of .■\griculture, Albany, Qilifomsa." 

* Suptoorteti, in part, by Eli Lilly and Company, Indian- 
apolis 6, Indiana. 

* Peiping Union Medical College Fellow in Plurma- 
cology. 


ItESLJLTS 

Effect of size of inoculum. The effect of the 
size of inoculum of Staph, aureus on the antibiotic 
activity of lupulon was studied with the serial 
dilution method. Two-fold dilutions of the anti- 
biotic were made in 0.5 ml. of the medium in nine 
10-cm. test tubes, starting from a concentration of 
200 ftg./ml. A tenth tube containing the same 
amount of the medium served as the control in a 
series. Each tube was then inoculated with 1.5 ml. 
of a diluted 24-hour culture. Each of four differ- 
ent dilutions, namely, 1 : 100, 1 : 1000, 1 : 10,000, 
and 1 : 1,000,000, was inoculated to one series of 
tubes. The tubes were incubated at 37° C. and 
observations were made four, 24, and 48 hours 
later. The results are shown in Table I where 
even a faint growth was recorded positive. 

Apparently the end point of no growth varied 
with the concentrations of the inoculum and also 
the time when the observation was made. Re- 
peated experiments showed that observ’ations at 
four hours after inoculation gave consistent end 
point at 1:640,000 or 1.56 pg./ail. in the series 
where the concentration of the inoculum was 
1 : 1,000 of a 24-hour culture. This size of inocu- 
lum and time of incubation have been adopted in 
later experiments where serial dilution method 
was used. 

Effect of constitution of medium. The serial 
dilution method was used to determine the bac- 
teriostatic level of lupulon against Staph, curcus 
in three different media. These media,'’ n.amely, 

'The compositions of these meriia are given below; 

Modified Dubos and Davis medium: 


Casein hydrolysate 

1.0 gm. 

Na,HPO.-12H-0 

()S gm. 

KK:PO. 

1.0 gm. 

Naicitrate-2n,0 

gm. 

MgSO.-7!LO 

0 0 gm. 

Distilled water to 

IC'X'O rrj. 

Eeef heart infusion Ircth: 


Beef heart 

■'fj gm. 

Difeo 

10 g:r. 
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TABLE I 


The effect of size of inoculum of Staph, aureus on its growth in various concentrations of lupulon at 37° C. 


Concentration 
of the inoculum 

Hours of 
Incubation 

Concentration of lupulon, #ig./ml. 

50.0 

25.0 

12,5 

6.25 

3.12 

1.56 

0.78 

0.39 

0.20 

0 

1:1,000,000 
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modified Dubos and Davis medium, a beef heart 
infusion, and veal-glucose broth, had been shown 
by turbidimetry to support the growth of Staph, 
aureus to different extents. It was found, how- 
ever, that the growth was completely inhibited by 
lupulon at the same concentration, 1.56 /ig./ml., 
no matter in which medium this antibiotic was in- 
corporated. 

Effect of pH 

Studied zvith Staph, aureus. Veal-glucose me- 
dium was titrated to pH’s 7.1, 7.6 and 8.1. For 
each pH duplicate series of six tubes were used. 
Into each of the six tubes in a series, 3 ml. of the 
medium was dispensed, containing an appropriate 
amount of lupulon so that after the inoculum 
was added to it the final concentrations of lupulon 
were 0, 0.2, 0.4, 0.6, 0.8, and 1.0 /xg./ml. An in- 
oculum consisted of 3 ml. of 1 ; 50 dilution of a 24- 
hour culture so that the final concentration of the 
b.actcria in each tube was 1 : 100 of the culture. 
The growth in each tube was measured turbidi- 
mctrically after four hours incubation at 37® C. 
The results, as shown in Figure 1, indicated 
greater inhibitory power of lupulon at lower pH. 

I’kitc-well assay was performed by following 
Pratt and Dufrenoy’s method (9), with some 


Nr.a 

5 gm. 

Ditti’lfd i%3tcr 

10<XI.0 ml. 

Vci'.-v’.tuC’-Mc broth; 

Vra! 

500.0 pm. 

!!a .’ter: '■!■; .t; :a! fc’,'tor,c 

10,0 gnt. 

y.iO 

5.0 pm. 

Pr.itrc'.c 

I.O pm. 


1»X0 ml. 


modifications. The inoculum of Staph, aureus of 
the top agar was 2^o. The inhibition zones were 
measured after overnight incubation at 37° C., and 
the staining processes with 1 % potassium ferricy- 
anide and 1% ferric sulfate were applied only 
when necessary. Dilutions of lupulon were made 
in alkaline water adjusted to pH’s 7, 8, 10, and 
11.5. The inhibition zones produced by 50, 20, 10, 
and 5 jxg./ml. were fairly consistently 28, 24, 21, 
and 18 mm. for respective concentrations at all 
pH’s. 

Studied with M. phlei. Dubos medium used in 
this experiment was titrated to pH’s 5, 6, 7, and 8. 
The concentrations of lupulon in duplicate series of 
tubes were 0, 30, 35, 40, 45, 50, 55, 60, 70, and 80 
/ig./ml. The inoculum was made so that the final 
concentration of bacteria in a tube was 1:100 of 
a 48-hour culture. The end points, taken as the 
concentration in which no growth occurred after 
24 hours incubation at 37° C., were 50 /ig./ml. for 
pH 7 and 8, and 40 /xg./ml. for pH 5 and 6. 

Studied with M. tuberculosis {H37Rv). The 
experiment was performed in a similar manner to 
that with M. phlei. The concentrations of lupulon 
in a scries of tubes were 0, 5, 10, 15, 20, 25, 30, 
and 40 /ig./ml., and the inoculum was 0.05 ml. of 
14-day culture to a volume of 5 ml. of the medium. 
End points were taken at the end of 72 hours : At 
pH 7 and 8 it was 25 /ig./ml.; at pH 6, 15 /ig./ 
ml. The organisms did not grow well at pH 5. 

Effect of NaCl 

Studied zvlth Staph, aureus. The veal-glucose 
medium contains 0.5^ NaCl. The salt concen- 
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tration was also increased to 1 and 2%. Since 
NaCl itself at concentrations, higher than 2% in- 
hibited partly the growth of the bacteria, they were 
not included in this experiment. The results of 
the turbidimetric measurements indicated that 2% 
sodium chloride increased slightly the activity of 
lupulon (Figure 1). 

Plate-well assay showed no influence of 0.5, 1, 
2, and 5% NaCl on the activity of lupulon when 
the salt was incorporated in the lupulon solutions. 
However, as illustrated in Table II slightly larger 
inhibition 2 ones were produced by the same con- 
centrations of lupulon when the salt was incor- 
porated in the agar plates. 


TABLE n 

The effect of NaCl incorporated in agar plates on the activity 
of lupulon against Staph, aureus 


Concentration 
of NaCl in agar 

% 

Concentration of lupulon. fis./nt!. 

SO 

20 

1 

10 

5 


1 Average diameter of inhibition zones, mm. 

0.5 

28 

24 

21 

1 17.5 

1.5 

27.5 

24 

21.2 

19 

2.5 

27.5 

24.5 

21.5 

19.5 

5.5 

27.5 

24.5 

22 

20.2 


Studied tvith M. tuberculosis (H3TRv). It 
has also been shown by experiment, as described 
previously, that 2% sodium chloride increased the 



Fig. 1. EnrcT or rH an'o NaCl ok GrowTu or Slsfk. ewns jk Vatjol'i CoKctKTrATj; 

cr LvrvLox 
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TABLE III 

The effect of NaCl in Dubos fluid medium on the growth 
of M. tuberculosis (H3,7Rv) in various 
concentrations of lupulon 


Concen- 

tration 


Concentrations of lupulon, iig./ml. 


of NaCl 
% 

40 

1 

30 

25 

20 

IS 

10 

5 

0 

0 




-h-f 

-f-H- 


+ + -I- 

-h-h-h 

0.5 




-h 



-h-h + 


1.0 




+ 

++ 

+ 

+ + -1- 

-h-l-f 

2.0 






i 


+++ 


antibiotic activity of lupulon against M. tubercu- 
losis (H37Rv) (Table III). 

Effect of serum 

Studied with M. tuberculosis {H37Rv). 
Pooled human serum, Seitz-filtered and inactivated 
at 56“ C. for 30 minutes, was added to Dubos me- 
dium at three different concentrations, namely, 5, 
7, and 10%. Similarly treated horse serum was 
used at 10%. Since Dubos medium containing 
20% of either human or horse serum became tur- 
bid and then produced sediments after 24 hours 
incubation at 37° C. which interfered with read- 
ing the end points, this concentration was not in- 
cluded in the present study. The results of re- 
peated experiments by serial dilution method 
showed consistently that the growth of tubercle 
bacilli was completely inhibited by lupulon at a 
concentration of 1 : 40,000 or 25 /xg./ml. regard- 
less of the presence of either serum up to 10%. 

Studied with M. phlei. Table IV shows the ef- 
fect of various concentrations of inactivated horse 
serum on the bacteriostatic level of lupulon against 
ilf. phlei. In the presence of 10% serum the 
growth was completely inhibited by 70 fig./ml. in- 
stead of 50 /ig./ml. in its absence. There was, 
therefore, an apparent 30% reduction of the ac- 
tivity. 

Studied with Staph, aureus. By the serial dilu- 


tion method, using 1 : 1,000 dilution of 24-hour 
culture for inoculation, the concentration of lupu- 
lon which caused complete inhibition of growth 
of this bacteria in veal-glucose medium containing 
10% inactivated horse serum was 12.5 /jg./ml. in 
contrast to 1:640,000 or 1.56 /tg./ml. in the ab- 
sence of the serum. The activity of lupulon was 
apparently reduced to about one-tenth of its 
original level. 

Turbidimetric and plate-well assay were then 
performed to give this effect a further analysis. 
In turbidimetry, six duplicate series of six tubes 
containing various amounts of lupulon were pre- 
pared as described previously in this paper. In 
five of such series the medium contained five dif- 
ferent concentrations of inactivated horse serum, 
namely, 50, 20, 10, 5, and 2%. The sixth series 
served as the control without serum. The results, 
as shown in Figure 2, indicated that there was a 
reduction of the activity of lupulon to one-tenth. 
The growth of Staph, aureus was practically not 
inhibited by lupulon in the presence of 50% 
serum. 

For plate assay, 0.9% NaCl was adjusted to 
pH 11.5. Inactivated horse serum was added to it 
at 2, 10, and 50%. Lupulon was diluted in these 
solutions at 50, 20, 10, and 5 jug./ml. It was also 
diluted in 100% serum as well as the saline with- 
out serum. The inhibition zone was plotted 
against the logaritlim of the concentrations (Fig- 
ure 3). That produced by 50 /tg./ml, in 100% 
serum was of approximately the same size as one 
produced by 5 fig./ml. in saline. The inhibitory 
power of lupulon in 10% serum was about 30% of 
that in its absence ; in contrast, only one-tenth was 
found in the fluid medium as determined by serial 
dilution or turbidimetric method. 

The apparently dissimilar effect of serum on the 
antibiotic activity of lupulon against different bac- 
teria as well as against the same bacteria in dif- 


TABLE r\' 

Th- efec: of ho'se serum ir. Dubos medium on Ike growth, of M. phlei in various conunlralions of lupulon 


Concentration of lupulon. ^jg./ml. 
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I. 2. Effect of Horse Serum on Growth of Staph, aureus in Various Concentrations 

OF Lupulon 



Fig. 3. Errtcr or Hoefe Serum on Acrrmr or Lupulcn ev .‘i 

Sls^h. aureus 
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ferent media indicated that the effect was unlikely 
exerted on the antibiotic itself. This point was 
substantiated by the following experiment. 

A 1,000 jjjg./ml. solution of lupulon in inacti- 
vated horse serum (A) and another in alkaline wa- 
ter (B) were made from 1% propylene glycol 
solution. After 24 hours, a fresh solution of each 
(C and D) was prepared from the same propylene 
glycol solution. Thirty minutes later, equal vol- 
umes of 9S% ethyl alcohol were added to all tubes, 
and those containing serum were centrifuged to 
separate the precipitates. The supernatant fluid 
and the alkaline-alcohol solution were diluted to 
50, 20, 10, and 5 ^tg./ml. of lupulon, calculated on 
the basis of the amount originally added to the 
solutions before adding ethyl alcohol. A series of 
alkaline solutions (E) diluted from the same 
propylene glycol preparation and another series 
of similar dilutions of the solvents only (F) 
served as controls. Each series of dilutions was 
assayed by duplicate plates. It was definitely 
shown (Table V) that all the activity of lupulon 
was retained in the supernatant fluid. It is, there- 
fore, believed that whatever the serum contained 
which produced the apparent reduction in the ac- 
tivity of lupulon had been removed by precipita- 

TABLE v 

The results of plaie-ivell assay of the supernatant fluids after 
precipitation of proteins from lupulon solutions in 
horse serum u'ith 4S% ethyl alcohol 


Solution assayed 

Concentration of lupulon, based on the 
amount oriRinally present in the 
solutions before adding ethyl 
alcoliol. In (ig./ml. 


50 

20 

10 

5 

Supern.'it.nnt (,'\) after 
precipitation of pro- 
teins 

Averate 

1 27.5 

diameter i 
in n 

22.5 

af inliibitic 
rm. 

19.5 

m zones 

16 

(Bi -f equal volume of 
95^- alcol’.ol 

2S 

23 

1 

20.2 

j 

16.5 

Biijvrf.at.ant (C) after 
precipitation of pru- 
Irins 

25 

23.2 

! 

19.5 

16.2 

(Dt ••• equal vt'lum.e of 
95';; a!co’’. '! 

->5 2 

1 

22.7 

19.7 

16.2 

AlLili:- (K) 

vitf'-ut a!;oh;; 

27.5 

22.7 

I9.S 

16 

S. Itet'.t cntrcij it') 

0 

0 

0 

0 


i ! ! 


tion with 48% ethyl alcohol. When the same su- 
pernatant and alkaline-alcohol solutions were 
tested by serial dilution method the same end 
points were obtained. 

DISCUSSION 

Just how far the design of in vitro experiments 
on antibacterial agents can simulate the conditions 
in vivo is not certain. However, a study of the 
effect of such factors as pH, sodium chloride, and 
serum gives information regarding the activity of 
these agents before or when they act on bacteria. 
Such a study on lupulon has indicated that at the 
pH, the concentration of sodium chloride, and the 
presence of serum, which are normal to the body, 
this antibiotic remained active. 

Lupulon is less soluble in water but more so in 
lipids at low pH. The greater partition coefficient, 
therefore, may serve as an explanation for its avail- 
ability to the bacterial cells (10) and thus its 
greater antibacterial activity at lower pH. Peni- 
cillin is also more active at lower, and less at 
higher pH, which Abraham and Duthie (11) sug- 
gested as an explanation of the action of penicillin 
by competition with OH" ions for position on the 
cell surface in order to produce its effect. A 
similar theory might be suggested also for lupulon 
on account of the above-mentioned facts. 

Addition of sodium chloride to the media in- 
creased slightly the antibiotic activity of lupulon. 
In no case was it decreased, although the presence 
of the salt in lupulon solution assayed on plates 
produced no effect at all. Such minor discrepancy 
may be explained on the basis of a difference in 
the rate of diffusion as in the case of streptomycin 
( 12 ). 

That lupulon is not inactivated by serum has 
been shown by the fact that it retained activity af- 
ter standing in serum solution for 24 hours. The 
apparent effect of serum on the antibiotic activity 
must be explained either by a change of sensitivity 
of the bacteria or by the presence of some antag- 
onizing factors in the serum. No attempt has 
been made to elucidate this point. However, it 
is known that the apparent effect could be removed 
by treating solutions with 48% ethyl alcohol, 
whatever its causal agent may be. It is unlikely 
that the effect was due to growth promotion by 
serum, because it has been found that the same 
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bacteriostatic level of lupulon against Staph, 
aureus was obtained from three different media 
which supported its growth to varying degrees. 

The apparent activity of streptomycin varied 
inversely with the size of inoculum, which Berk- 
man et al. (13) explained to be due to the presence 
of a greater number of resistant organisms in a 
larger inoculum. This explanation has been 
adopted here, with reservation, for a similar find- 
ing with lupulon. 

SUMMARY 

Lupulon inhibits the growth of Staph, aureus 
(FDA No. 209), M. phlei and M. tuberculosis 
(H37Rv) at a concentration of 1,56, 50, and 25 
/ig./ml., respectively. In the case of Staph, aureus 
a higher concentration is required for a larger in- 
oculum. It is more active at low pH. Sodium 
chloride at a concentration of 2% increases slightly 
its activity. 

Its potency against M. tuberculosis is not af- 
fected by 10% horse or human serum. However, 
a 30% decrease has been observed under the same 
conditions for M. phlei. The activity against 
Staph, aureus has been estimated by serial dilu- 
tion and turbidimetric methods to be reduced to 
one-tenth of its original level in 10% horse serum. 
By plate-well assay a similar reduction has been 
observed in 100% serum. All the activity of 
lupulon has been found to be retained in the su- 
pernatant fluid after precipitation of proteins 
from solution in horse serum with 48% ethyl al- 
cohol. These observations argue against any in- 
activation of lupulon by serum. 

The results of this experiment indicate that un- 
der the conditions of the pH, the concentration of 
sodium chloride, and the presence of serum, which 


are normal to the body, lupulon should remain 
active. 
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LUPULON AND HUMULON—ANTIBIOTIC CONSTITUENTS 

OF HOPS ^ 

By J. C. LEWIS, GORDON ALDERTON, J. F. CARSON, D. M. REYNOLDS, 

AND W. D. MACLAY 

{From the Western Regional Research Laboratory ~ Albany, Calif.) 


Commercial hops, the dried cones of the hop 
vine {Lupuhis Jmmulus), contain two antibacterial 
agents, lupulon and humulon. Methods of prep- 
aration of the compounds, their chemical struc- 
tures, and their inhibitive action against Gram- 
positive bacteria have been known for many years ; 
nevertheless, their antibiotic properties have been 
largely ignored in relation to animal infections. 
Their relatively high content in such an accessible 
source, together with the availability of simple 
methods for their isolation, prompted a survey of 
the antibiotic spectra of the substances. Lupulon 
and humulon were supplied to Dr. H. H. Anderson 
of the University of California Medical School for 
the determination of their activity toward Myco- 
hacicrlum tuberculosis. The ensuing demonstra- 
tion by Chin et al. (1) that lupulon inhibits the 
growth of a virulent strain of this pathogen in 
vitro and exerts a pronounced effect on experi- 
mental tuberculosis infections in mice has quick- 
ened interest in the microbiological, pharmaco- 
logical, and therapeutic investigation of these 
agents. 

The Western Regional Research Laboratory 
has been engaged recently in the determination 
of the antibiotic spectra of lupulon and humulon, 
development of methods by which substantial 
quantities of each can be readily prepared, deter- 
mination of a number of their physical and chemi- 
cal properties, preparation of certain derivatives, 
and development of methods of assay. 


CHEMICAL AND PHYSICAL PROPERTIES 

Structure, The fonnulas given in Figure 1 for 
lupulon and humulon had been established by 1926 
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through the investigations of Wieland (2) and 
Wollmer (3) on the basis of degradative reactions 
summarized in von Richter’s Organic Chemistry 

(4) . The agents have not been synthesized. 

Solubility and stability. Both lupulon and hu- 
mulon are fairly soluble in polar and non-polar 
organic solvents such as methanol, ethanol, petro- 
leum ether, hexane, and iso-octane. Both are only 
slightly soluble in neutral or acidic aqueous solu- 
tion but are readily soluble as the sodium salts. 

Lupulon is moderately stable to both acid and 
alkali. At room temperature in the presence of 
air it is very labile. In the crystalline form, it may 
become yellow and amorphous within a few days. 
This change is much slower at 5° C. in air; storage 
for several months is accompanied by development 
of a characteristic odor, though color development 
is not marked. Lupulon crystals appear perfectly 
stable in vacuo even at 60° C. Recently, Lundin 

(5) has reported that oxidation of lupulon (and 
humulon) is promoted by daylight and by metal 
oxides and that the oxidation is much more rapid 
in petroleum ether than in alcohol, F. Stitt and 
G. F. Bailey of this Laboratory have found that 
the ultra-violet absorption spectra of very dilute 
solutions of lupulon in petroleum ether or in iso- 
octane change very rapidly on standing at room 
temperature, but similar solutions in methanol or 
water have more stable spectra. 

O 

!! 

c 

(CH,)5C=CHCH5— CH CO— CHaCHfCHdi 

0=C C— OH 

V 

R CH=CHCH(CH,)i 

„ , 1 

Humulon: R — — OH 

CjjHnOi, MW 362.3, m.p. 55°, lalo — 232°, 
monobasic acid. 

Lupulon: R == — CH=CHCH(CH,>. 

CuHnOi. MW 414.3, m.p. 92°, optically inactive, 
monobasic acid. 
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Michener and Andersen (6) of this Laboratory 
found that the addition of 0.1% of ascorbic acid 
exerted a marked protective action on the bacterio- 
static activity of lupulon steamed or autoclaved at 
a concentration of 4 ppm. in phosphate buffers at 
pH 6.5 and 8.5. 

Huraulon is relatively stable to acid. The lead 
salt is stable, but the o-phenylenediamine salt 
slowly turns brown at room temperature in air, 
but not in vacuo. In aqueous solution at neutral- 
ity, or particularly in alkaline solution, humulon is 
transformed by boiling to an unidentified product 
which is not precipitable by lead acetate but which 
is believed by Walker (7) to retain some antibac- 
terial activity. Quite recently, Verzele and 
Govaert (8) have reported the chromatographic 
separation of the immediate transformation prod- 
uct of humulon (“isohumulon”). They state that 
on boiling in methanol solution, humulon is quan- 
titatively converted to isohumulon. On boiling 
with aqueous alkali, they found isohumulon to be 
converted to humulinic acid. Humulinic acid has 
been prepared in this Laboratory by boiling humu- 
lon with 1 N NaOH (2). It proved to be anti- 
biotically inactive. 

Michener and Andersen (6) found no loss of 
bacteriostatic potency against Staphylococcus 
aureus when 40 ppm. of humulon in phosphate buf- 
fer at pH 6.5 or 8.5 was autoclaved. However, 
the presence of low concentrations of ascorbic acid 
extended the duration of bacteriostatic action of 
humulon as well as that of lupulon. 


necessary, since lupulon is unstable and since quantitative 
yields are not obtained by this process. 

The hops, ground with an equal weight of dry ice to 
reduce the stickiness of their resinous content, are ex- 
tracted with petroleum ether (30-60° C.) in a column, or in 
countercurrent fashion in several columns. The petroleum 
ether extract is concentrated without delay vacuo to a 
thin syrup, which is then placed at approximately — 15° C. 
to crystallize. A rich extract may form a single porous 
cake so that the mother liquor can be drained off directly, 
or the crude crystals are filtered on a cold Buchner fun- 
nel. The crude crystals are then dissolved in warm pe- 
troleum ether (approx. 150 g. per 1. at 40° C.), and 
recrystallized by chilling with stirring in a drj' ice bath. 
The process is repeated twice, and then the lupulon is 
dried and dissolved in methanol (approx. 150 g. per 1. at 
20-25° C.). A white insoluble impurity is filtered off, 
and the lupulon is recrystalHzed by the slow addition of 
1/10 volume of water and overnight storage at 0° C. 
The recrystallization from 90% methanol is repeated 
twice. High-quality hops yielded 3% of once-recrj’stal- 
lized and 1.5% of 6 X recrystallized lupulon, compared to 
the weight of the air-dry hops. 

The product consists of fine white crj'stals, optically 
inactive, with theoretical C and H contents, and melting 
at 92-94° C. The lupulon cr>’stals arc stored in vacuo in 
the cold. Samples are distributed in evacuated ampules. 

Humulon. The conventional method for the isolation 
of humulon by precipitation as the lead salt has been 
greatly simplified in this Laboratory by making the first 
precipitation with o-phenylenediaminc from the crude pe- 
troleum ether extract of hops (usually from the mother 
liquor remaining after the crystallization of lupulon). 
o-Phenylencdiamine was first used in 1916 by Woltmcr 
(3) for the purification of humulon lead salt. To our 
knowledge it has not been used previously for the direct 
isolation. Eighty % recovery is obtained. Free humulon 
can be obtained by acidification and extraction with an 
immiscible organic solvent such as ethyl ether. 


METHODS AND RESULTS 

Assay 

Lupulon in simple solutions may be determined by its 
inhibitivc action on Gram-positive bacteria in turbidistalic 
or cup-plate tests. A reduction of the bacteriostatic ac- 
tion of lupulon by blood serum, the mechanism of which 
is being investigated at this Laboratory by L. E. Sadrs, 
prevents the use of such a method for determination of 
lupulon in blood and other tissues. 

A tentative spcctrophotomclric method of analysis for 
the lupulon and humulon content of hop extracts has 
been developed by F. Stitt and G. F. Bailey of this Lab- 
oratosy and will be described in a coming publication. 

Isolal'wr, cj hop cntibiollcs 

Lupulcn. Lupulon has been isolated on a kilogram 
scale in this luiboratoty. Tlic mcth.od is essentially that 
devised by Runrener in High-quality hups are 


Antibiotic spectra oj humulon and lupulon 


The antibiotic spectra of humulon and lupulon given in 
Table I have been determined in this Laboratory by the 
quantitative agar-streak dilution method of W.aksman 
and Ecilly (9). The antibiotics were dissolved in 1% 
concentration in 95% ethanol, and by means of aqueous 
dilutions, decreasing amounts were added to a scries of 
10 cm. Petri dishes, i.c., 1.0, OJ, 0.16, 0.1, 0.03, etc., nsl. 
per dish. Tire lupulon used was a preparation recrystal- 
Hicd three times. Humulon was tested in two forms, 
rramely the o-phsmylcnediamine salt and lurmulon jre- 
pared from the above salt two hours before tl-.e test. 

The test medium for bacteria arrd yearts was r.u’.ri'r.t 
agar (05% Difeo peptone. 05% Di;’c.r> nreat eitract. 
05% KaO, and 15% Diico agar irr tap ‘.va'T. pH “.0, 
autoclaved at 121* C for 23 minutes). For fu.-ri eri.er 


llran yeasts, potato dextrese arar was rr 


and coo-'.e-i (45* C) 10 ml. 7.or.:;r.s c; e 


added to plates, 
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TABLE I 


Antibiotic spectra 

(Maximum dilution for complete inhibition on agar) 
Type Name Lupulon ^i*^**’ 


Gram-Positive Bacillus anlhracis 
Bacteria B. cercus v. mycoides 
B. subtUfs 

Corynebacterium diphtkeriae 
gravis 

Diplococats pneumoniae Type 1 
Micrococcus lysodeikticus 
M. pyogenes s. aureus 
Sarcina lulea 
Slreplococcus faecalis 

Acid-Fast Mycobacterium phlci 

Bacteria M. tuberculosis r. hominis (607) 

Actinomycctes Streptomyces coelicolor 

Gram-Negative 13 species* 

Bacteria 

Yeasts 4 specicst 

Fungi 7 specicst 


300.000 
1,000,000 
1,000,000 

100.000 

300,000 

300.000 

500.000 

100.000 

500.000 

300.000 

100.000 


<3,000 


100,000 

100,000 

50.000 

10.000 


<3,000 <3,000 

<3,000 <3,000 


* Acrobaclcr acrog'"\~r. .'H'-’-'-rK-r ^^ecaUs, Escheri- 
chia coli, Klebsiella / ■ \ vulgaris. Pseu- 

domonas aeruginosa, Pseudomonas fluorescens. Salmo- 
nella cnleritidis. Salmonella schottmucllcri. Salmonella 
iyphosa, Serraiia marccsccns, Shigella dysentcriae. Shi- 
gella paradysaticriac. 

i Cryptococcus ncoformans, Saccharomyces cerevisiae, 
Torulofsis daiiila,^ Zygosaccharomyccs mandschuricus. 

%_Altcrnaria citri, Aspergillus niger, Fusarium solani v. 
pisi, Pcnicillium citrinum, Rhizoctonia solani, Rhisopus 
nigricans, Trichoderma kocnigi. 


rocked to disperse the antibiotics. After about 30 min- 
utes, cell suspensions from 24-hour-old cultures of the 
test organisms were streaked onto the solidified plates, 
each within a designated sector. Each sector received 
three streaks made with an L-shaped needle without 
recharging. i 

With bacteria-streaked plates, incubation was carried 
out at 35® C. for 18-20 hours, except for Sarcina lutca, 
the in>-cobactcria and the actinomyccte, which were incu- 
bated for two days. Yeasts and other fungi were incu- 
bated at 30' C. for three days. After incubation, the 
results of growth were recorded and compared with con- 
trol plates lacking the antibiotic. The inhibitory end- 
point was taken as that dilution of the antibiotic which 
completely or nearly completely inhibited growth of the 
test organism. To reduce error, each spectrum was run 
five to ten times on different days, with replicate dilution 
plates each day. 


Iltninilinic ncid was found to be inactive at 0.1 % 
for Escherichia ccU, Micrococcus conglomeratus. 
Micrococcus pyogenes f. cureus, S. lulea, and ilf. 
tul'crculcsis v. h.cininis. 


Ti'.e itdiibitivc action of hop extracts towards 
inrtcria has lonj^ been reenc^nired and turned to 
practical u-c in !'rewin~ aiFl in preservation of 


II **!*:■ 

? « l' »' * ^ 


urired beer. In 1937 Sb.imwell (10) 
tiv.’. ib-at Gram-negative bacteria would 


grow as readily in hopped as in unhopped beer 
worts, whereas Gram-positive bacteria grew not 
at all or very poorly in hopped wort. Walker and 
Parker (11) presented data which showed that 
0.8 ppm. of humulon or 0.2 ppm. of lupulon give 
50% inhibition of acid production by a strain of 
Lactobacillus bulgaricus inoculated into grain wort 
at pH 4.5, Hansen (12) found pure humulon and 
lupulon to exert no inhibitive action at 50 ppm. on 
several species of Saccharomyces, on E. coli, 
Eberthella typhosa, and Salmonella paratyphus A 
and B. Both Staph, aureus and Bacillus mesen- 
taricus were inhibited at 12 and 2 ppm. of humulon 
and lupulon, respectively, while germination of 
spores of Bacillus subtilis was inhibited by 4 and 
0,5 ppm., respectively. Michener, Snell, and Jan- 
sen (13) found that humulon and lupulon possess 
a low order of antibiotic activity against a panel 
of plant pathogenic fungi. Yeasts were largely 
unaffected. 

The tuberculostatic action of lupulon was first 
noted by Chin et al. (1) and confirmed by Salle 
et al. (14) and by ourselves (see above). Chin 
found lupulon active against the H37Rv strain of 
M. tuberculosis at 1 : 40,000 in Dubos’ medium, 
while Salle found the same strain inhibited by 
1 : 200,000 in Long’s medium and in Proskauer 
and Beck’s medium, and by 1 : 90,000 in Dubos’ 
medium. Humulon was much less active, and 
was not tested further. 

The possibility of the development of lupulon- 
fast strains of Gram-positive and acid-fast bacteria 
has not been investigated as yet, but the brewing 
literature contains references to the “acclimatiza- 
tion” of Gram-positive bacteria to beer wort. 

Serum has been found by Salle et al. (14), by 
Chin et al. (15), and by ourselves to reduce the 
bacteriostatic action of lupulon in vitro. In serial 
dilution tests with Staph, aureus and M. conglom- 
eratus in broth containing 0.7 or 7% of serum, we 
found approximately 50 of lupulon to be in- 
activated per ml. of undiluted serum. In cup- 
plate tests with Mycobacterium phlei and B. sub- 
tilis, 9 ppm. of lupulon in 10% serum gave zones 
equivalent to those given by 2 ppm. of lupulon 
in water. 

-Although inactivation by serum m vitro might by 
present concepts eliminate an antibiotic from further 
consideration for internal and other applications, 
such an effect does not prove a lack of therapeu- 
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tic value. In fact, the positive influence of lupulon 
administered orally or intramuscularly in oil on 
mouse tuberculosis as described elsewhere (1) 
suggests that otherwise promising tuberculostatic 
drugs if discarded solely because of inactivation by 
serum in vitro should be reevaluated by animal 
infection tests. 

SUMMARY 

The isolation, chemistry, assay, and antibiotic 
spectra of lupulon and humulon have been briefly 
discussed. A Bureau of Agricultural and In- 
dustrial Chemistry Circular of Information en- 
titled “Antibacterial Agents from Hops,” in which 
are summarized the findings of past and present 
studies of these substances, is now available for 
distribution. 

The Western Regional Research Laboratory is 
preparing lupulon and humulon in amounts which 
will allow for distribution on a limited scale to 
parties interested in their evaluation. 
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THE OCCURRENCE OF ANTIBACTERIAL SUBSTANCES ACTIVE 
AGAINST MYCOBACTERIUM TUBERCULOSIS 
IN SEED PLANTS ^ 

By R. Y. GOTTSHALL, E. H. LUCAS, ARDETH LICKFELDT, and J. M. ROBERTS 

(From the Division of Laboratories, Michigan Department of Health, Lansing, Michigan, and 
the Michigan Agricultural Experiment Station, East Lansing, Michigan) 


For many centuries green plants have been 
used for the treatment of various diseases. Tu- 
berculosis is no exception, and numerous plants 
and plant products have, at one time or another, 
been reported to be of value in the treatment of 
this disease. 

During the past few years a number of investi- 
gators have surveyed seed plants for sources of 
antibacterial activity (1-10). In most of these 
studies a Gram-positive organism, Staphylococ- 
cus aureus or Bacillus snbtilis, and a Gram-nega- 
tive organism, Escherichia coli or Salmonella 
typhosa, were used for detecting antibacterial prop- 
erties. In some cases the active materials or puri- 
fied preparations derived from them were then 
tested against a variety of microorganisms. 

In this exploratory sun^ey a strain of Mycobac- 
terium tuberculosis was used for assay because 
of the assumption that some plants might con- 
tain substances specifically antibacterial for the 
tubercle bacillus. These would be missed in any 
assay using other test organisms. To obtain more 
information on the antibacterial properties of the 
extracts, however, most of them were also tested 
for their effect on Staph, aureus and E. coli. 

Early in the study it was found that some plants 
contained substances active against the tubercle 
bacillus but that all or much of the activity 
was lost in the presence of whole blood. In subse- 
quent tests the active plant extracts were also as- 
sayed in media to which blood had been added. 

METHODS 

Ca:de pLnt materials were used for the preliminary 
screenin'.:. The plants were either used in a fresh state 
iir.mevliately after collection, or dried and extracted at a 
later date. Whenever possible th.e use of entire plants for 

t ITesentcd at the Second National Symposium on 
Itccer.t .‘\dvar.:ei in .*\ntibiotics Research held in Wash- 
i:.;.:t n. t>. C . .Vrril 11-12, 19^9. under the auspices of the 
Av.’l'A Stuly Secti.'n, National Institutes of Healtli, 
ri.;'’'.;: Health. Srr.'ice, Federal Security Agency. 


preparation of representative extracts was avoided. In 
most instances, either leaves or stems or roots or, if the 
plant was in the stage of flowering, inflorescences were 
extracted separately. Sometimes different organs had to 
be combined because of insufficient amounts of material. 

The plants tested were green plants, the majority be- 
longing to the subdivision Angiospermae, The system of 
classification used follows the synopsis of the plant king- 
dom, published in L. H. Bailey’s Standard Cyclopedia of 
Horticulture (11) and based on "Die Natiirlichen Pflan- 
zenfamillien” by Engler and Prantl. 

The preparation of the plant material to be tested was 
essentially the one described by Lucas et al. (12) . A 
Waring Blendor was the main tool for the disintegration 
of the plant parts. However, in the present study ex- 
tractions with boiling water and with ethanol were made 
in addition to the customary cold-water extraction. The 
ethanol extraction followed the technique of the cold- 
water extraction with the exception that paper was used 
instead of cheesecloth for the filtration of the macerates. 
The hot extraction was performed by immersion of the 
plant materials in boiling water for five to ten minutes, 
the time depending on the properties of the tissues. All 
cold-water extracts and any ethanol extracts found to be 
contaminated were sterilized by passing them through a 
Seitz filter, boiled preparations by autoclaving. 

The extracts were tested for antibacterial properties by 
making serial dilutions in liquefied glycerol beef extract 
agar, pH 7.0. The agar was allowed to harden in a 
slanting position, and after solidification the tubes were 
inoculated with an 18-to-40-day-old culture of M. tuber- 
culosis, strain H37, grown on Petragnani’s medium. To - 
prevent evaporation during the long incubation period 
screw-capped tubes were used for making the cultures. 
After six weeks of incubation at 37° C. the cultures were 
examined. If they were inhibited the highest dilution in 
which no growth occurred was recorded. The active ex- 
tracts were then retested on glycerol beef extract agar to 
which 10% whole sheep blood had been added. 

With the alcoholic extracts allowance had to be made 
for the inhibitory effect of the alcohol. This solvent was 
found to inhibit the tubercle bacillus at a dilution of 1:40 
and tlicrefore only extracts in which there was no growth 
at a dilution higher than this were considered active. 

The antibacterial activity of the extracts against Staph, 
aureus (F.D.A. strain 209P) and £. coli (SA436) was 
determined by making serial dilutions in nutrient broth 
(F.D.A. formula). The broth was inoculated with 1.0 
ml. of an 18-to-24-hour broth culture of the organism 
per 100 ml. of medium just before making the dilutions. 
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Results were read after incubation for 24 and 48 hours 
at 37° C. 

It was found that ethanol inhibited both Staph, aureus 
and E. coli at a 1:8 dilution. Consequently only ex- 
tracts showing an inhibition greater than this dilution 
were recorded as being antibacterial. 

RESULTS 

The results of the survey are presented in 
Table I. They are interesting in many respects. 
Approximately half the number of species with 
antibacterial activity against M. tuberculosis 
showed it only against this organism; the others 
were active also against other organisms. These 
findings cannot be considered as final since the 
concentration of the active principles is an un- 
known factor. It is possible that in some in- 
stances materials used merely appeared specific 
because the antibacterial principle was present 
in a concentration too low to affect the other or- 


TABLE I 

Acltvily of plant extracts against M. tuberculosis, 
Staph, aureus, and E. Coli 


Plant name 

Plant part 

Result 

Juniperus communis 

Fr 


sanguinoUs 

E 


Panicum miliaccum 

FI and L 

St and R 


Phlcum protenst 

E 



FI and L 

— 

Agave QtlenuQta 

L 


Aloe africana 

L 


A. arborescens 

L 


A. arislata 

L 


A. barbadensis 

L 


A. BruftntkoUri 

L 


A. cameronii 

L 


A» candelabrum 

L 


A» chinensis 

L 

A + +.B + + +.C+++ 
Sa. Ec 

A. commutaia 

L 


A, disians 

L 


A. Eru 

L 


A . ferox 

L 


A, erandidentata 

A. humilis 

L 

L 

— 

A. Marlothi 

L 


A. micrastigma 

L 


A» mitrtformis 

L 


A, nobilij 

L 


A, plicatilis | 

L 



L 


A, saponaria j 

L 


A. spinosisiima 

L 


A.siriata 

L 


A 4 succotrina 

A. Thorncreftii 

L 

L 

A-fa B-f. C-f-*f + 

A. Tariff Ota 

L 


A. tirens 

L 


A 4 tehrina 

L 


Colchicum cutumr.ale 

R 


GajJfTcliM' f’fJKortfnsij 

L 


Oajlrria ac\na:if>>Ua 

L 

— 

C. e&tinaia 

L 


G. titfija 

L 


G. marvlata 

t. 

»- 

G. 

L 


{7. ficte 

1. 


G. 

L 



R 



R 

t 

- 


I 


TABLE I — Continued 


Plant name 

Plant part 

Result 

Tulbaghia viotacea 

! E i 

A+. Ec 

Ufginea maritima 


— 

Avtaryllis Belladonna 

FI and L j 
St and R 

I 

Iris germanica 

L 

— 

Myrica asplenifoUa 

L 

B++. C+ + + 

Betula alba 

Bark 

— 

Rumulas lupalus 

FI 

B + +, C+4-+, Sa. Ec 

Parielaria o^cinatis 


— 

Vriica urens 

L and St ! 

— 

Polygonum Persicaria 

L i 

Sa 

Rheum c^inale 

St 

R 

A + +. B + +. C+++ 

Spinacia oXcracea 

E 


Amaranthus hypockondriacus 

L, St and R 

— 

A, reirojlexus 

E 

Sa. Ec 

Phytolacca decandra 

R and Fr 

— 

Portulaca grandijiora 

E 

— 

Anemone hepatica 

L 

— 

Hydrastis canadensis 

R 

A-p, Sa 

Paeonia o^ctnalis 

si j 

Sa. Ec 

Berberii asiaiica 

Bark 

— , Sa. Ec 

Cautophyllum thalicirioides 

R 

— 

Jeffersonia diphytla 

R 

— 

Mahonia trifoliata 

E 

— 

Podophyllum peltatum 

R 

— 

Anamirta Cocculus 

Fr 

— 

Afentspermum canadense j 

R 

F 

B++ 

Sanguinaria canadensis 

R 

A4-,B++,C + + +,Sa 

Brassica nigra 

FI and L 

St and R 


Crassula orbcrescenb *i 

L 


Kalanchoe fiammea 

L 

— 

Sedum pachyphyllum 

L 

— 

Sempervtvum tectorum 1 

FI, L and R j 

— 

Hamamelis virginiana 

Bark 


Prunus domestica 

Fr 

— , Sa, Ec 

Pyrus malus 

PoHcn 

— 

Songuisorba minor 

E 

— 

Sorhtts Americana 

Fr 


S. aucuparia 

Bark 

. •— 

Baptisia lincloria 

R 


Pisum sativum . 

L and St 


TrifoUum hydridum 

E 

B + 

Vicia saliva 

E 


Geranium maeulatum 

FI, L and St 


Ruta grareolerts 

E j 


Euphoria helerophylla 

) 

FI and L ^ 
St and R 

B + 

E. variegata 

1 

FI and L 

St and R 

A+, n+ 

Jif* poroguortensis ' 

L 

— 

Evonymus alropurpurea \ 

Bark 

— 

Acer plalanoides 

L and St 


Jmpatiens Balsamino 

FI and L 

St and R 

B+. Sa 

Zitypkus Jujuha 

Fr 


Tilia euchlora 

FI 

— 

T. platyphyllos 

L 


Althaea op^ctnalis 

FI, L and R 


Ilyperieurt calycinum 

L 

C-f-f + 

Epiphyllum trvncatum 

L 


Eucalyptus globulus j 

L 

C-f + 4- 

hfyrtus communix 

E and St 


Arc/i<J nudicaulxs 1 

R 


Panax guin^uefoUum 

R 

... 

Arekangelica ojT^inalis j 

R 

-> 

Daucus Ccrota 

E 


Eryngium eriethystinurt 

L and St 

— 

cftfciicwn 

R 


Foeniculum rulgsre \ 



Lrrislieum c^yCtr.sle 

E and Si 


Arctostaphylos Uto-Ursi 

L 


Caulikrria procumbent j 

Land St 


Vcrcinium cngusttfoUum 

Fr 

-. Sa. I> 

V. ^rftrjTti-OJur} 

Gentians lutes 

i; 

A A, 5l-. .'^a 

K 


Asclepiss CernuJii \ 

r. 


phlox thum^ondti 

n and L 

“ 

Erioiictye'n gluiinutum 

L 

C a. .c J 

l>'*sgo ofUiKslix 

L tr.d 


pLdinsnsus vf^ctKzlts 

n and L 

Si and K 


Lippis et:ri-\p—s 

1, a r-d ^ l 


Ccieus 

L i 

Si a-d R ^ 


Jjrcnx^ns Cs*Ji:rs 

[ !. r'.d M 


Xfmiks esusdrnct: 
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TABLE I — Continued 


Plant name 

Plant part 

Result 

M. sylvestris 

FI and L 

Sa 


St 


Monarda punctata 

E 

Sa 

Salvia officinalis 

L 

B-t-. C + + 4-, Sa 


St and R 

Sa 

S. spUndens 

FI and L 

— 


St 


Capsicum annuum 

Se and Fr 


Hyoscyamtis tiiger 

E 

Sa 

Lyeopersicum esculenlum 

FI, L and St 

— 

Petunia hybrida 

E 

— 

Verbasenm Thapsus 

E 

— 

Veronica officinalis 

L and St 

Sa 

Plantago major 

L 

— 

Lonicera talariea 

Fr 

Ec 

Sambucus niRcr 

Fr 


Valeriana officinalis 

R 

— 

Dipsacus sylvestris 

Se 

— 

Antkemis nobilis 

FI 

— 

Arctium minus 

R 

A + 

Arnica montana 

FI and R 


Centaurea americana 

FI and L 

B-f, Sa 


St and R 


C. jacea 

L and St 

— 

Chrysanthemum parthenium 

E 

A -F. Sa, Ec 

Cichorium Intybus 

E 

— 

Cirsium arvense 

Se 

— 

C. lanceolatum \ 


A + + 


St 


Cosmos bipinnatus 

FI and L 

— 


St and R 


Dahlia variabilis 

FI 

A+. B+. Sa 

Erigeron canadensis 

FI and L 

A-F. B-F 


St and R 

— 

Ueliantkus tuberosus 

FI and L 

— 


St and R 

— , Sa. Ec 

Matricaria Chamomilla 

F! 

A -f"* B •!“» Ec 

Onopordon Aeanthium 

E 

— 

Silphium perfoliotum 

FI 

A 4- 

Silybum Marianum 

FI and L 



St and R 

— 

Tasetes erecta 

FI. L and St 

— 

Tanaeetum vutcare 

L and St 

— 

Zinnia elegans 

FI, L. St 

•mm 


Activity against M. tuberculosis is indicated by +, ++, 
or +++( according to potency of extracts. A, B, or C 
preceding these signs indicates cold water, boiling water, or 
ethanol extract rcspccti%'ety. Lack of activity is signified 
by — . Sa and Ec denote activity against Stapk. aureus 
and E. coU. 

Plant parts arc designated as follows: Entire plant, E; 
flowers, FI; leaves, L; stems, St; roots, R; seeds, Se, and 
fruits Fr. 

ganisms. Nevertheless, by testing the plant ex- 
tracts against the customary organisms only, half 
of the materials with activity against the tubercle 
bacillus would have been overlooked. 

Some of the extracts antibacterial for M. tu- 
berculosis were tested using for assay the rapidly 
growing acid-fast strain 607. Only three out of 
20 extracts were found to be active against this 
acid-fast strain, 

Tlie materials in which activity against the tu- 
bercle bacillus was observed were derived from 27 
species, which belonged to 16 families. Eight 
species belonged to the family Cornpositac, three to 
Liliaceae, two to Euplsorbiaceae. two to Labiatae. 
t'ix of the m.atcriaK with exclusive activity against 
.'-.6 iv.'-CTC'.il-.'sls were from Compo-itae and two 
: r- en. Em'"’. arl .iaceae. 


Plant leaves were carriers of active principles 
in most cases. Nine of the 27 plants showed ac- 
tivity in the leaf extracts. In five cases it was 
found in the extract of leaves and flowers combined 
while flowers alone showed activity only in three 
cases. In five plants the activity was found in the 
roots, and four of the extracts prepared from en- 
tire plants inhibited growth of the tubercle bacil- 
lus. No activity was recorded in seeds and fruits. 
Stems and roots combined showed activity in one 
case. This plant, Coleus Blumei, is the only one 
Avhere extracts of different parts showed specific ac- 
tivities, the leaf extract being active against Staph, 
aureus, the stems and roots against the tubercle 
bacillus. There were two other cases, one in the 
same family, where the apparent specificity might 
be explained by the greater sensitivity of Staph, 
aureus to the active principle. However, in 
both cases the possibility of the presence of more 
than one antibacterial principle could not be 
ruled out. 

Only one of the 35 antibacterial plant samples 
did not show a loss of activity in the presence of 
whole blood. The other extracts lost all or part 
of their antibacterial properties in contact with it. 

This report is the first in a series involving the 
investigation of seed plants for principles antago- 
nistic to the tubercle bacillus. Testing of crude 
materials is being continued. Some of the plant 
materials, which in the exploratory phase inhibited 
the growth of M. tuberculosis, are under further 
study. 

As Kavanagh (13) very aptly expressed it, 
“compounds active against more than a few com- 
mon bacteria must be found, if the potentialities of 
antibiotic substances as specific inhibitors of micro- 
organisms are to be realized fully. This can be 
done only by using the organism to be inhibited as 
the test object in the survey.” 

SUMMARY 

Tite antibacterial activity against M. tubercu- 
losis, strain H37, of 211 plant samples from 161 
species belonging to S3 families of seed plants was 
determined by serial dilution tests. Each sample 
was extracted separately with cold water, boiling 
water and ethanol. Twenty-seven species were 
active, 13 of them specifically against M. tubercu- 
losis, while not interfering with the growth of 
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Staph, aureus and E. coli. The activity was found 
in various parts of the plants, mostly in the leaves. 
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A CRYSTALLINE ANTIFUNGAL AGENT, MYCOSUBTILIN, 
ISOLATED FROM SUBTILIN BROTH ^ 

By ROBERT B. WALTON and H. BOYD WOODRUFF 
{From the Research Laboratories of Merck & Co., Inc., Rahway, N. J.) 


The presence of an antifungal agent in the broth 
of subtilin cultures has been reported (1). It is 
not unusual in cultures of aerobic spore formers 
to find several different antibiotics present. Of- 
ten, these have been related polypeptides, which 
have different biological spectra of antibiotic ac- 
tion (gramicidin, tyrocidine, etc.). 

This paper reports the isolation and properties 
of a fungistatic substance from the cells of a cul- 
ture of Bacillus subtilis 370, originally obtained 
from the Western Regional Research Laboratory 
of the United States Department of Agriculture, 
where it was used for studies on subtilin (2), 
Under certain cultural conditions, fungistatic ac- 
tivity is produced which is not due to subtilin. 
The standard assay organism for the fungistatic 
agent. Trichophyton sp. MF 301 was not inhibited 
by 200 figm, of subtilin per ml. of agar. The 
antifungal agent has tentatively been named My- 
cosubtilin. 

METHODS AND RESULTS 

Conditions jor production 

Submerged aerated cultures of D. subtilis 370 were 
grown in 250 ml. flasks containing 50 ml. of 2d% beet 
molasses with 0.8% (NH03PO. and 0.005% MnSO.- 
4H:0 on a shaker rotating at 220 RPM (3). The pro- 
duction of subtilin proceeds at optimum rate at a tem- 
perature of 34° C., but a temperature of 25° C. was found 
more suitable for the fungistatic substance. Yields were 
better at this lower temperature and filtration and ex- 
tractions were conducted with greater ease. Fungistatic 
activity was produced in five days under the foregoing 
conditions. 

Fermented cultures produced in a semi-synthetic me- 
diuut contaitung 0.5% yeast extract = gave broth activity 
equal to that in adturcs prepared with beet molasses 

^ Presented at the Second National Symposium on 
Recent Advances in Antibiotics Research held in Wash- 
ington, I). C., April 11-12, 1949, under the auspices of the 
Antibiotics Study Section, National Institutes of Health, 
Public Ile.alth Service, Federal Security .Agency. 

- Tb.e semi-synthetic medium contained sucrose, 100 
KtT!, : citric aci!. 11.7 gm. : Na;SO,. 4 gra.; yeast extract, 
5 em,: (NTl.),HPO.. 42 gm.; KO, 0.76 gm.; MgCl,- 
ni.O, t-4: K-; Rr.Cb, 0.0104 gm.; FcC!,-6H.O. 0.0245 
cm,.; Mr.Cl4-4li,0, O.OISI gm... dissolvttl in water, ad- 


medium. Broth samples were usually mixed with three 
volumes of ethanol to aid extraction of the antibiotic and 
to sterilize the culture for assay. The agar streak-plate 
method was used, with Trichophyton sp. MF 301 as the 
test organism, with two-fold dilution levels. 

Extraction 

The harvested broth was adjusted to about pH 2.5 
with concentrated hydrochloric acid to precipitate the 
cellular material, which was separated by centrifugation. 
The first extraction of the moist cell solids was made 
overnight with 95% ethanol, which resulted in a final 
concentration of approximately 70% ethanol. Subse- 
quent extractions of the cells were made overnight with 
70% ethanol solutions. The solids were separated from 
the ethanol suspensions by filtration. The active fraction 
was precipitated quantitatively by the addition of two 
volumes of water and was separated by centrifugation. 
The solids were successively extracted with 95% ethanol. 
Material of increased purity was obtained with each suc- 
cessive extract. The ethanol was evaporated to dryness 
and all of the resulting solids dissolved in a very small 
quantity of pyridine. White crystalline material was sep- 
arated during a period of several hours at 10° C. fol- 
lowing addition of 10 volumes of water. The crystals 
were washed with water and recrystallized from 70% 
ethanol. 

It was later observed that the solids from the 70% 
ethanol extracts of the cells could be directly dissolved in 
pyridine, thus eliminating the 95% EtOH stages, with 
better yields. Several recrystallizations were necessary 
to obtain material which showed a constant melting point 
and analysis. 

The results in Table I represent a typical ex- 
traction from a culture produced in beet molasses 
medium, which had a moist cell volume of 15%. 

Properties 

The white crystals are practically insoluble in 
reagents, with the exception of pyridine and 70% 
ethanol. They are very soluble in the former but 
show only limited solubility in warm 70% EtOH. 
The antifungal agent crystallized readily from the 
latter upon cooling. The crystals are soluble in 

justed to pH 6.8-6.9 with NH,OH and brought to one 
liter volume. The formula for the semi-synthetic medium 
and details of the procedures used at the Western Re- 
gional Research Laboratory for production of subtilin 


were disclosed to us by personal communication. 
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TABLE I 


Isolation data for antifungal agent 



Volume 

Solids 
dry wt. 

Activity 

dilutiaa 

Total 

activity 


ml. 

msm,/ 

ml. 

uniis/ 

msm. 


Original whole broth 

1080 

79.3 

1.9 

162,000 

Cell extraction 





First (95% EtOH) 

i 103 

36.4 

i 19.2 

72,000 

Second (70% EtOH) 

96 

21.5 

46.5 

96,000 

Third (70% EtOH) 

100 

12.9 

54.3 

70,000 

Extraction of solids i 





First (95% EtOH) 

17 

28.6 1 

35,0 

17,000 

Second (95% EtOH) ! 

19 

9.9 j 

101 

19,000 

Third (95% EtOH) 

19 

2.4 

208 

9,500 

Fourth (95% EtOH) 

15 ! 

1.0 

400 1 

6,000 

Fifth (95% EtOH) 

19 

0.6 

416 

4,750 

Crystallization from 





pyridine • 


88.9 

(total) 

700 

62,000 


dilute cold NaOH but insoluble in dilute cold HCI 
and cold NaHCO^. 

No precipitate was obtained with 2,4-dinitro- 
phenylhydrazine. There was no reduction of 
Fehling solution nor color development with fer- 
ric chloride solution. Millon’s reagent produced 
a temporary pink coloration and nitration with 
cone. HNOj formed a pale yellow pigment. Acid 
hydrolyzates gave a strongly positive ninhydrin 
reaction. 

Following recrystallization three times from 
70^ ethyl alcohol, the crystals melted with de- 
composition at 256°-257'’ C. (corn) on a micro 
block.® The crystals gave an analysis of C — 55.31, 
55.12; H— 7.61, 7.33; N— 15.15, 15.18. Sulfur 
was not present. The ultra-violet absorption spec- 
trum of alcohol-water solution consisted of a band 

at 2770 A with an E ■ = 14.6. Potcntiometric 
1 cm. 

titration showed an apparent combining weight by' 
alkali titration of 1980. General insolubility made 
tile compound unsuitable for molecular weight de- 
termination. 

Ten mg. of crystalline mycosubtilin %N'as hydro- 
lyzed in a scaled tube with 3 ml. of 6 N HCl at 
120° C. for 16 hours. Paper strip chromatography 
with a phenol-water system, followed bv dcvclop- 

’\Vc arc indebted to Dr. E. F. Rosers for helpful 
sisRKc.Miont and critici?ms concerning the chemical char- 
•iCteriration. Mr. R. N. j'crformcd th.c elemental 

ar..tl.vM> and Dr. Q-..nr!c5 Rcfc.nblum the UV 
an! \v<tcnti;. metric titra'.son. 


ment with ninhydrin, yielded four distinct zones, 
with observed Rf values presented in Table II, and 
an indistinct zone at Rf 0.97, dose to the advancing 
solvent boundary. Amino acids w'hich have char- 
acteristic Rf values in the region of the zones ob- 
served with mycosubtilin are listed in Table II. 
Aspartic acid, tyrosine and proline were found 
to be present by microbiological assay. The nat- 
ural isomers of the other amino acids listed, with 
the exception of norvaline and norleucine for 
which no assays were available, were not found 
to be present by microbiological assay in concen- 
trations exceeding Sfo. The microbiological as- 
say for aspartic acid and alanine is not specific for 
the natural form. Therefore, it is not certain which 
isomer of aspartic acid was present and it was 
demonstrated that the D form of alanine was not 
present. The tyrosine content is adequate to ac- 
count for the ultra-violet absorption band de- 
scribed above. It is interesting to note that tyro- 
sine has not been found in subtilin, the other 
amino acid-containing antibiotic produced by B, 
subiilis 370. 

Aspartic acid accounts for nearly one-half the 
molecule and one-third of the nitrogen. An ad- 


TABLE n 

Amino acid composition of mycosubtilin and subtilin 
HCl hydrolyzate 



MycosubliUn 



Obscr\’cd 

Rf 

Literature values* 

t 

Observed 

microbio- 

logical 

assay 

1 

Subtilin 

compojitlont 

.19 

Aspartic add 

(.19) 

45% 

Aspartic acid 
Lanthioninc 

.34 

Glutamic add 
Serine 

(.32) 

(.37) 


L-glutamic acid 

Glvdnc 

L-lyjinc 

.62 

Ahnlnc 

Tyrosine 

Arginine 

(.63) 
(.63) 
(.66) j 

1 

ALininc 

Tryptophane 


Valine _ 
Xo.-valine 

(.82) j 
(•£4) ! 


L-valine 

.85 

Isoleudne 

m) 

j 

l,-;'-b!rjdne 


L«adnc 

Xorlcudr.c 

(.£S) ; 
(.£91 1 

1 

IMcarin- 


1 PhcnyUliraInc (.90) ! 

— 1 

!--ph'nv:a'.ir.ir.e 

.97 

1 roli.nc 

(.921 1 

j 

4 2^- 

1 


* Pmu, j. J. zr.i .Vjrlib. J. 1-. VrV- , I"’. 
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THE ANTIFUNGAL ACTIVITY OF ANTIBIOTIC XG ^ 


By GLADYS L. HOBBY. PETER P. REGNA, NANCY DOUGHERTY, 

AND WILLIAM E. STIEG 

{From the Biological and Chemical Research and Development Departments of Chas. Pfiaer 

& Co., Brooklyn, N. Y.) 


Lewis, Hopper, and Shultz, in 1946 (1), re- 
ported the existence of an antimicrobial agent in 
culture filtrates of an organism closely related to 
Bacilhts suhtilis, and demonstrated that this sub- 
stance possesses a remarkable antifungal activity 
against Trichophyton gypsenm and certain other 
pathogenic fungi, as well as against certain of the 
Gram-positive bacteria. During the following 
year, Lewis and Hopper undertook to investigate 
methods of producing this antibiotic on a small 
scale, and succeeded in recovering a sufficient 
quantity to permit preliminary study of its bio- 
logical and chemical properties as well as its 
therapeutic efficacy in fungous infections in man. 
These early studies of Lewis and his associates 
suggested that Antibiotic XG may be a highly 
effective chemotherapeutic agent in the treatment 
of fungous infections in man. 

The present report will discuss certain of the 
chemical and biological properties of this new an- 
tifungal agent.® 

NATURE OF ANTIBIOTIC 

Antibiotic XG is produced by the growth of an 
unidentified organism closely related to B. subiilis. 
The antibiotic may be absorbed from fermentation 
liquor onto carbon at neutral pH and may be eluted 
with aqueous acetone. It is soluble in methanol 
and ethanol. It is insoluble in ether, cliloroform, 
ethyl acetate, and dry acetone. 

Antibiotic XG is stable in broth when heated 
at 90° C. for two hours at pH 3.0 ; it may be auto- 
claved at IS pounds pressure, for at least 10 min- 
utes, at pH 7.0 without significant loss in potency. 
In wet acetone, it is stable at room temperature 

' Presented at tJic Second National Symposium on 
Recent Advances in .-yntibiotics Research Iicld in Wash- 
inRton, D. C., .-Xpril 11-12, 1949, under the auspices of the 
.Antihiotics Study Section, National Institutes of Health, 
Public Health Scnice, Fc^jcral Security .Agency. 

- Tl’.c preparations of .Antiluotic NG t:scd in ti'.is study 
were prepared in the Pi^rl-.cmica! and Chcnural Rcsearci; 
and Dcvelrprucut Departments ct Cl-.as. Purer fc Co, 
Inc., Hroo'd) n, N. Y. 


for at least eight months, and in anhydrous alco- 
hol, at a concentration of 3,500 units per cc., it 
is stable for at least two months. 

Antibiotic XG is an amphoteric polypeptide 
which gels on standing in water. The gel form is 
biologically inactive but can be reactivated by dis- 
solving in anhydrous solvents. The polypeptide 
may be hydrolyzed and on paper chromatography 
shows the presence of several different amino 
acids. 

METHODS AND RESULTS 

Standardisation 

The activity of Antibiotic XG is measured in 
terms of T. gypsenm dilution units, one unit being 
the least amount of antibiotic which will inhibit the 
growth of a standard strain of T. gypsenm under 
controlled conditions. The master standard used 
for all biological assays of Antibiotic XG has an 
activity of 70 T. gypsenm dilution units per mg.® 
Preparations having potencies as high as 250 
units per mg. have been obtained. 

In vitro activity 

Methods. The sensitivities of a wide variety of micro- 
organisms to Antibiotic XG were determined in the fol- 
lowing manner. E.xccpt wlicn otherwise specified, a beef 
infusion broth (2) buffered at pH 7.8 was used through- 
out. It was recognized that other mediums, such as 
Sabouraud's agar, are more commonly used for growth 
of the pathogenic fungi. It was fell advisable to use the 
beef infusion broth, however, in view of tlic fact that it 
appeared suitable for the growth of both the p.ithogcnic 
bacteria and fungi. 

In the case of all bacteria tested and in th.e cate of 
Jdor.ilia albicans, 15-16 hour broth rohurcs were use'! 
except when otherwise indicated. In th.e case of ether 
fungi than M. albicans, suspensions c: six to eight slay 
cultures on Fabouraud's agar were uses!. In all in’t-anres. 
bacterial cultures were diluted in Ircth to a consta-nt 
density immediately prior to ce. A density all-.v. 
82-?'jrr transsnissicn on a Phctvvt’.t l.usr.'tr .n Ne. i'O 
was arbit.narily che<en as tte.nL.'ih Su'r.ersiers of the 
fungous cultures v.erc dilute-! to a;; resinut'-ly the tin-e 
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TABLE I 

The Atitimicrobial Action of Antibiotic XG . 
Medium: Nutrient Broth 


Organisms 

No serum 
Sensitivity: 
units/cc. 

1% 

Rabbit 

serum 

5% 

Rabbit 

serum 

Sporotrichum schenkii 

11.2 

11.2 

t 5.6 

Microsporum canis 

0.7 

0.7 

1.4 

Trichophyton rubrum 

11.2 

2.8 

1.4 

Cryptococcus neoformans 

1.4 

2.8 

5,6 

Trichophyton gypscum 

2.8 

1.4 

0.7 

Bpidermophyton floccosum 

2.8 

1.4 

0.7 

Microsporum audouini 

11.2 

1.4 

1.4 

Rhodotorula 

1.4 

1.4 

5.6 

Monilia albicans 

1.0'*' 

90.0 

90.0 


* On prolonged incubation sensitivity of this one organ- 
ism freciuently decreased to 90-100 units per cc. 

Sensitivity tests were carried out in broth and were read 
after two days’ incubation.^ Sensitivity was accepted^ as 
the least amount of Antibiotic XG causing complete inhibi- 
tion of growth. 

density but clumping of the organisms prevented exact 
standardization by means of the Photovolt Lumetron. 

A graded serial dilution technic was used in all tests. 
To each 1.8 cc. of serially diluted antibiotic, 0.2 cc. of a 
10** dilution of bacterial culture or 0.2 cc. of an undiluted 
suspension of fungous culture was added. Incubation was 
carried out at 37® C. The amount of growth w’as re- 
corded at 24 and 48 hours in the case of bacteria and at 
two and five days in the case of fungi. The sensitivity 
of an organism was accepted as the least amount of 
Antibiotic XG which would cause complete inhibition of 
growth, as indicated by absence of gross turbidity. It 
was recognized, however, that this did not necessarily 
indicate a bactericidal level. 

Results, Antibiotic XG is a highly efficient 
antifungal agent, active against all strains of path- 
ogenic fungi tested. As shown in Table I, it is 
active in the presence of serum as well as in its 

TABLE 11 


The ar.libccterial action of Antibiotic XG 


Organism 

Sensitivity 

: units/cc. 

24 hours 

48 hours 

Sirep'.cccccus homo. 

4.0 

64 

Staphy'.cccccus aureus 

>315 

>315 

Pipleccccxis pr.furnc'nice 

2.0 

31.5 

EKhfi:k{.: ccli (B\V41) 

>315 

>315 

K. f.'.’i (\VS7) 

>315 

>315 

Ebi’thella tyfhesa 

>315 

>315 

>315 

>315 

* V ^ 1 3* 

>515 

>315 

.'tr-.’ha:.'." ceTc:j-.es 

>315 

>315 


>315 

>315 

Kie' lifUi.'. f’-.r'- 

>315 

>315 


i >315 

>315 

i* ' — - c‘1'. A I ' K 'hi* ' cy.C X 

1 < 1.7 

i 

>315 


absence. In general, sensitivities varied little with 
time of incubation. In the case of M. albicans, 
growth was rapid in the medium used and in this 
instance sensitivity varied markedly depending 
upon the length of the incubation period. 

The sensitivity of 13 strains of microorganisms, 
belonging to 10 different bacterial species, is shown 
in Table II. A temporary bacteriostatic effect was 
demonstrable against Streptococcus hemolyticus 
(Strain C203 Mv) and against Diplococcus pneu- 
moniae (Strain 1/230). All other bacteria tested 
were completely resistant to the action of Anti- 
biotic XG, as prepared in our laboratories. 

Mechanism of action 

The early studies on the sensitivity of various 
microorganisms to Antibiotic XG indicated that 
this antimicrobial agent is strongly fungistatic in 
nature, and that its action may be affected mark- 
edly by changes in the number of organisms pres- 
ent, the concentration of the agent, the tempera- 
ture of incubation, as well as other factors. To 
study the effect of Antibiotic XG on certain of 
the sporulating or slowly-growing pathogenic 
fungi, by means of growth curves such as are of- 
ten used in the study of the action of antimicrobial 
agents on bacteria, seemed impractical, M. albi- 
cans and a Rhodotorula, however, have lent them- 
selves readily to this type of microbiological test. 

Methods. Preparations of Antibiotic XG, ranging in 
potency from 65—100 units per mg., were used throughout 
these experiments. Growth curves were carried out in 
the usual manner, as described in a previous communi- 
cation (3). In certain e.xperiments, all factors were held 
constant with the exception of the number of organisms; 
in other experiments, the concentration of drug or the 
temperature of incubation was varied. In all instances, 
the number of organisms per cc. at any given time during 
the incubation period was determined by the pour plate 
technic. 

Effect of concentration of Antibiotic XG on 
groxvth of certain pathogenic fungi. The effect of 
varying concentrations of Antibiotic XG on the 
growth of M. albicans, at 37° C. and at 26° C., is 
shown in Figures 1 and 2. At 37° C., there was no 
growth of M. albicans when the initial number of 
organisms was in excess of 1,000,000 organisms 
per cc. Concentrations of SOQ-1 ,000 units of Anti- 
biotic XG were sufficient, however, to produce an 
apparent fungicidal effect when the initial number 
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Fig. 1. The Effect of Varying Concentrations of Antibiotic XG on 
Growth of Monilia albicans (37° C.) 


of organisms was in the vicinity of 10,000 organ- 
isms per cc. With this number of organisms, 50 
units per cc. produced no effect on the growth of 
the organism. With smaller numbers of organ- 
isms, 100-1, OCX) units produced routinely an in- 


itial stimulation of growth followed by a gradual 
decrease in the number of organisms present. As 
with larger numbers of organisms, 50 units per 
cc. was totally ineffective. 

The data presented indicate that growth of M. 


A-IOOO UNITS PER CC. 
B - 500 UNITS PER CC. 
C- 50 UNITS PER CC. 



2, The ErrrcT or \'.«,ev2ng Co.vct'.ttath ns c n MG c v 

Gibwtii ct 'Ic'.ilii cll-lcSK’ {20' C.) 
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albicans in the medium used is more rapid at 37° 
C. than at 26° C. In like manner, the action of 
Antibiotic XG is more complete at 37° C. than at 
26° C. No decrease in the number of organisms 
present was apparent in any instance unless there 
was also evidence of multiplication. 

The effect of varying concentrations of Anti- 
biotic XG on a more sensitive organism than M. 
albicans, namely a Rlwdotorula, is shown in Figure 
3. In this instance, the fungistatic action of Anti- 
biotic XG was apparent even in the presence of 
an initial concentration of 1,000,000 organisms 
per cc. Ten to 100 units per cc. was sufficient to 
produce a gradual decrease in the microbial 
count. Two units per cc. caused an inhibition of 
multiplication only, with no actual decrease in 
number of organisms, while 0.5 unit per cc. al- 
lowed full growth. It should be noted that in con- 
trast to M. albicans, the Rlwdotorula produced 
some multiplication in the absence of Antibiotic 
XG, under the conditions of this experiment. 

Effect of varying concentrations of organisms 
on the action of Antibiotic XG. In the presence 
of 1,000 units of antibiotic per cc. of medium. Anti- 
biotic XG exerted a fungicidal action on M. albi- 
cans, provided incubation was carried out at 37° 


C., and provided the initial number of organisms 
was less than 10,000 per cc. If incubation was car- 
ried out at 26° C., a fungistatic effect was ap- 
parent, again providing the initial number of or- 
ganisms was less than 10,000 per cc. With larger 
numbers of organisms, no fungistatic or fungicidal 
action on the part of the antibiotic could be dem- 
onstrated against M. albicans. (See Figure 4.) 

Similar results were obtained with the Rhodo- 
torula, an organism much more sensitive to the ac- 
tion of Antibiotic XG. In the presence of 0.5-1 .0 
unit per cc. rapid growth occurred regardless of 
the number of organisms present. In the pres- 
ence of 2.0 units per cc., the number of organisms 
decreased rapidly to zero provided the initial num- 
ber present was less than 10,000 per cc. It should 
be mentioned, however, that this does not repre- 
sent a true fungicidal effect. No growth was ob- 
served in pour plates examined after 48 hours of 
incubation. After incubation for four or five days, 
however, small numbers of minute colonies ap- 
peared, indicating that the antibiotic had served 
only to suppress the metabolism of the organism. 
(See Figure 5.) 

The effect of hydration on the action of Anti- 
biotic XG. It has been stated previously that An- 
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37*C 26 *C 



Fig. 4. The Effect of Varying Concentrations of Organisms on the 
Action of Antibiotic XG (Monilia albicans) 


tibiotic XG on standing in water forms a hydrated 
gel which is biologically inactive. The difference 
in the activity of the dehydrated active form of 
the antibiotic and the hydrated gel form was read- 
ily demonstrable, as shown in Figure 6. Five 
hundred units of the dehydrated form per cc., al- 
though not completely inhibitory under the condi- 
tions of the experiment, were more active than 


1,000 units of the hydrated or gel form per cc. 
The unitage of the latter form was calculated on 
the basis of the potency per mg. of the same prepa- 
ration prior to hydration. 

Toxicity 

Antibiotic XG in its present degree of purity is 
a strongly hemolytic compound in vitro. The tox- 



Fic. 5. Tnr Errrcr cr V/.m?.;: Kc-Mm* cr Oj-:«..v:5”5 on .ANUrv.'.: 
/xcr.cs cr ANTTEinHC XG ..’r— C.) 



932 


GLADYS L, HOBBY, PETER P. REGNA, NANCY DOUGHERTY, AND WILLIAM E. STIEG 



Fig. 6. The Effect of Hydration on Action of Antibiotic XG 
(Monilia albicans — 37° C.) 


icity of this antimicrobial agent is less than would 
be anticipated, nevertheless, on the basis of its he- 
molytic action. 

The acute intravenous toxicity in mice has var- 
ied from lot to lot. The LD^, and LD 30 of aqueous 
solutions of the most highly purified preparation 
tested (110 units per mg.) was 5,500 and 9,900 
units respectively per kg. mouse. The same prep- 
aration when dissolved in saline showed an acute 
intravenous LDo and LD 50 of 11,000 and 16,500 
units respectively per kg. mouse. 

Repeated subcutaneous injections of this prepa- 
ration have indicated that aqueous solutions in 
dosages of at least 4,100 units per kg. mouse may 
lie administered twice daily for a period of at least 
five days with no toxic manifestations. (See 
Table in.) 


Rats receiving a single subcutaneous injection 
of 30,000 units of a less highly purified lot per kg. 
body weight showed no signs of proteinuria or 
other toxicity. 

Rabbits receiving dosages of 5,000-10,000 units 
per kg. body weight intravenously, in aqueous 
solution, in most instances have died promptly 
after injection. The mortality may be lowered 
slightly by the use of saline in place of water as 
diluent for injection. Intravenous dosages of 500- 
1,000 units per kg. body weight generally cause 
no reactions. By the intramuscular or oral routes, 
rabbits tolerate readily 2,000-5,000 units per kg. 
body weight in either aqueous or saline solutions. 

Whether or not the antibiotic actually is ab- 
sorbed following injection in these animals re- 
mains to be determined. Preliminary studies on 


TABLE III 

Cunulative Toxicity in Mice 
Antibiotic XG 


Daily Dosage 

Ho. of 

Per Cent 

Derif^.on 

Mice 

Survived 

Dnits/kc. couse — — — 

ZlOO q.d. 

10 

100 

ilOO bid 

10 

100 

5500 q.d. 

10 

100 

55CO bid 

10 

60 


All anlr-Als treated by the subcutaneous route for five 
dzys cr tlr.e cf death. 
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the absorption and excretion of Antibiotic XG 
have suggested that the drug must be absorbed to 
some extent; the concentrations of antibiotic de- 
tected in the serum, however, have been low and 
erratic. That the antibiotic is bound to or inacti- 
vated by plasma protein seems unlikely in view of 
the fact that the in vitro sensitivities of a wide va- 
riety of microorganisms to this antibiotic are not 
altered by the presence of serum. It seems prob- 
able that failure to detect larger quantities of An- 
tibiotic XG in serum following parenteral admin- 
istration is due to the fact that proper assay tech- 
nics have not been developed to permit detection 
of the full amount of antibiotic present in the body 
fluids. 

Chemotherapeutic action 

It is difficult to evaluate adequately the chemo- 
therapeutic potentialities of an antimicrobial agent 
such as Antibiotic XG * by animal experimenta- 
tion. In general, the fungous infections which oc- 
cur in man are not readily reproduced in animals. 
Studies on the chemotherapeutic action of an agent 
such as this, therefore, can be carried out most 
satisfactorily directly in man. 

The hemolytic action of Antibiotic XG until re- 
cently has discouraged its administration by pa- 
renteral routes. The fungous group of infections, 
howev^er, represents one group of diseases in which 
topical therapy would take care of the great ma- 
jority of cases. For this reason, Antibiotic XG is 
of interest despite its hemolytic action. Prelimi- 
nary clinical studies on the topical and parenteral 
use of this agent are in progress and indicate (S) 

Antibiotic XG possesses certain properties in common 
witl) Bacillomycin as described by L^ndy cl at. (4). 
Comparative studies on the chemical nature of these two 
compounds and on tlieir biological action arc in progress. 


that this antibiotic oilers considerable promise in 
the topical treatment of Monilia and T. gypscum 
infections as well as in the treatment of a variety of 
other fungous diseases. 

CONCLUSIONS 

Antibiotic XG is a highly active antimicrobial 
agent which exerts a remarkable inhibitory effect 
on the growth of many of the pathogenic fungi. It 
is both fungistatic and fungicidal, depending on the 
experimental conditions used. Its activity is in- 
fluenced by the number of organisms present, the 
rate of growth of the organisms, the concentration 
of antibiotic, and the temperature of incubation. 
In its present degree of purit3% it is hemolytic in 
nature. Preliminary studies indicate a relatively 
low degree of toxicitJ^ however, and suggest that 
with purification and further understanding of the 
mechanism of its action, it may be possible to ad- 
minister it parenterally. In its present form. An- 
tibiotic XG offers great promise as a chemothera- 
peutic agent for the treatment of a group of infec- 
tions in which local therapy usually is adequate. 
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ANTIBIOTIC SURVEYS 

During the last 10 years, a large number of anti- 
biotics which are active against Gram-negative 
and Gram-positive bacteria, mycobacteria, rickett- 
siae, and certain of the larger viruses were iso- 
lated (1) from various species and strains of the 
genus Strepfomyces. This served to focus atten- 
tion on the actinomycetes as potential producers of 
antimicrobial agents that might possess promising 
chemotherapeutic properties. The fact that nearly 
20 to 50% of these organisms possess antimicrobial 
activities served to heighten this interest. Numer- 
ous surveys have been conducted. Particular 
attention has been paid to the formation and iso- 
lation of antibiotics that would possess the follow- 
ing characteristics: (a) High activity against 
Gram-negative bacteria and mycobacteria; (b) 
antibiotic action against streptomycin-resistant 
bacteria; (c) low toxicity to animals; (d) other 
desirable properties, such as activity against rick- 
ettsiae, viruses, tumors and phages. 

In our own laboratories, large numbers of ac- 
tinomycetes were isolated from various natural 
substrates and tested for their antimicrobial activi- 
ties. The agar-cross-streak method, frequently 
supplemented by other procedures, was commonly 
used for screening purposes. Those cultures that 
proved to be most active were selected and grown 
in liquid media. Only a small number of these 
were found capable of giving rise to active anti- 
biotics. The most promising were selected for 
further studies. For example, of some 300 freshly 
isolated cultures tested by the above method, only 
10 exhibited activities that justified further study. 

1 Presented at the Second National Symposium on 
Recent Atl\-anccs in .Antibiotics Research held in Wash- 
ington. D. C-, .April 11-12, 1949, under the auspices of the 
.Antibiotics Study Section, National Institutes of Health, 
Public Hc.ilth Service. Federal Security .Anency. 

• Paper in tb.e Journal Series, New Jersey Experiment 
Station. Rutvters University — Th.i State University of 
Nev,- Jersey, Department of Microbiology. 

h’.vestipaticr.s were supported by a Rrant from 
r.utpcrs Research, ar.i En lawmen*. Foundation. 


All these cultures proved to be highly active 
against mycobacteria. 

Only few of the cultures, however, that gave 
good activity by the agar-streak method yielded 
filtrates which possessed corresponding potency. 
This may be due to a variety of factors, such as 
the formation by a single organism of more than 
one antibiotic or the production of different anti- 
biotics under different conditions of culture. One 
of these cultures proved to be highly promising 
and was selected for more detailed investigations. 
This culture was entered into the Collection as No. 
3535. The nature of its antimicrobial spectrum, 
as compared to corresponding spectra of known 
antibiotic-producing organisms and measured by 
the agar-cross-streak method, is shown in Table I. 
The spectrum of 3535 was found to be quite di- 
stinct from those of the streptomycin-producing 
Streptoniyces griseus and streptothricin-producing 
Streptomyces lavendulae. The streptomycin-re- 
sistant strain of Escherichia coli and the Boden- 
heimer organism were found to be sensitive to the 
antibiotic activity of 3535 ; further, the antibiotic 

TABLE I 

Antibiotic spectrum of culture No. 3535 as compared 
to spectra of streptothricin-producing (S. lavendulae) 
and streptomycin-producing (S. griseus) organisms 
Agar-cross-streak method. Zone of inhibition, in mm. 


Test organisms* 

Culture 

No. 

, 3535 

S. triseus 

5. lavendulae 

3463 

3516 

Escherichia coli SS 

18 

Active 

20 

E. coli RS 

25 

None 

Active 

E. coli DS 

NG 

GG 

NG 

Bacillus subtilis 

21 

Active 

22 

B. mycoides 

20 

Active 

3 

B. cereus 

18 ! 

Active 

5 

Staphylococcus aureus 

19 ; 

Active 

19 

Bodenheimer’s culture 

19 

None 

Active 

Pseudomonas aeruginosa 

3 

LA 

LA 

Proteus vulgaris 

22 

Active 

Active 

Mycobacterium 607 

24 

25 

25 

M. avium 

20 

20 i 

23 

M. ranae 

15 

25 f 

23 

M. phlei 

28 

27 

26 


_ • SS = streptomycin-sensitive; RS = streptomycin- re- 
sistant; DS *= streptomydn-dependent; NG =■ no growth; 
GG = good growth; L.A = limited activity. 
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TABLE II 


Effect of CaCOz upon the production of antibiotic 3535 


Incubation, 

days 

No CaCOj 

1 

CaCOi. 1% 


pH 

u./mU 

pH 

u./ml. 

2 

5.6 

25 

6.8 

35 

3 

5.8 

47 

6.7 

88 

5 

6.1 

68 

7.8 

172 

6 

7.7 

156 

8.0 

200 


substance produced by 3535 cannot replace strep- 
tomycin in making possible the growth of the 
streptomycin-dependent strain of E. coli. The ac- 
tivity of 3535 upon Badlhts mycoides and Bacillus 
cereus serves to differentiate this antibiotic from 
streptothricin. The various mycobacteria were 
found to be sensitive alike to the antibiotic pro- 
duced by 3535 and to the other two antibiotics, 

METHODS 

Formation and isolation of antibiotic 3535 

The next steps in the study of the new antibiotic com- 
prised the development of suitable media for its maximum 
production. Fortunately, media previously found to be 
best for the production of streptomycin proved suitable. 
A medium containing S gm. peptone, S gm. meat e.xtract, 
5 gm. glucose, S gm. NaCl, 1,000 ml. tap water gave good 
results. Various modifications were later introduced. 
The reaction of the medium tended to become acid during 
the early stage of growth; this favored early lysis of the 

TABLE ni 


Influence of compoiHion of medium on the production 
of antibiotic 3535 


Constituents of medium, 
Em./lUcr 

N 

’ Ni 

! 

Ni 

Ni 

No. 3 

Meat extract 

5 


5 

5 

5 

Soya peptone 
Bacto peptone 

10 

10 

20 

10 

5 

NaCl 

5 

5 

5 

5 

5 

Glucose 

10 

10 

10 

20 

10 

Tap ss-atcr 

1000 

1000 

1000 { 

1000 1 

1 

1000 


Medium 

Incubation, da>‘8 

1 5 

< 

1 ^ 


pH* 

tt./rtJ.t 

pH 

v./r-J. 

pH 

u.M. 

N 

8.3 

100 

8.4 

240 

8.7 

240 

N> 

8.2 

<10 ! 

8.2 

10 

8.4 

75 


8.6 

130 

8.6 

240 1 

9.0 

150 


7.4 ! 

15 

7.S 

240 I 

7.9 

lOO 

No. 3 

8.4 

<10 

8.5 

10 

S.S 

10 


• Initlnl pH of tnediiitn 6.5-6.S. 

t n-/ml. ~ E. eoU dihitio.n unit!, as measured hv near 
stre.ai; duutsors method. 


culture. This effect was overcome by addition of CaCOj, 
as brought out in Table II. This could also be accom- 
plished by increasing the peptone content of the medium 
to 1 or even 2%, particularly when vegetable peptones, 
such as soya peptone, were used, or by reducing the sugar 
content If sufficient peptone were used, the glucose con- 
tent could also be increased, with a delaying but favorable 
effect on the production of the antibiotic. The results of 
a typical experiment are given in Table III. The addi- 
tion of a small amount of zinc {1 mg. to 10 mg. ZnSO<' 
7HjO per liter) was later found to exert a favorable 

TABLE IV 

Influence of composition of improved media upon the 
production of antibiotic 3535 

Dilution units per 1 ml. of medium ; cup readings made 
against a neomycin standard 


Nature 

of 

medium 

pH 

£, coli 

B. 

mycoides 

5. aureus 

B. subtilis 

Cup 

rcadinca 

u./ml. 

three days incubation 

N,* 

7.8 

50 

240 

150 

750 

25 

N.t 

7.6 

50 

300 

300 

>1,000 

24 

N, 

7.5 

25 

100 

75 

500 

28 

N, 

7.4 

ISO 

>1,000 

>1,000 

>1,000 

154 

Nr. 

6.5 

<30 

<30 

<30 

240 

<5 


four days incubation 


Nr 

8.3 

SO 

300 

240 

1,000 

56 

N, 

7.8 

150 

300 

300 

2,400 

85 

N, 

8.3 

75 

240 

300 

>1,000 

68 

N, 

8.0 

500 

2,400 

1,500 

;> 10,000 

316 

Nr. 

6.0 

<10 

30 

10 

t >100 

<5 


six days incubation 


Nr 

8.7 

100 

300' 

240 

1,000 

56 

N, 

8.7 

200 

1,000 

900 

>3,000 

128 

N, 

8.7 

90 

240 

240 

1,000 

74 

N, 

8.7 

900 

7,500 

3,000 

>10,000 

407 

Nr. 

8.4 

30 

150 

100 

>300 

24 


•Nj = Soya peptone — 2%, glucose — I^c. N'aCl — O.S^c. 
meat extract — 0.3%, lap H-O — 1000 ml. 

j N< «= Ns minus mc.at extract; N» ^ X* minus XaCl; 
N» •=> Ns -f- 10 mg./litcr ZnSOj-THsO; X:, <=• .Xs -f 27c 
glucose. 

effect, jdclding culture filtrates with an activity of 500 to 
1,000 u./ml., as shown in Table IV. I.argcr amounts of 
line proved to be injurious, h.owcvcr. Meat c-xtract 
could be replaced by yeast extract. Glucose could l>e 
replaced by starch in «’:.-i':cn otlturrs. When distilled 
vrater was used, no activity v.as obtair.r-d unless line ‘..rt 
added. 

Aeration proved to I'e an imr-ortr..':: fartsr Ir. t'-r •re- 
duction c! the antibiotic, the am-unt r; air •••;•_'■:? 1 
apparently less icsan frr the prc-luttien tf stre- ! ;m> ci- 

plished by inertatin,- t’-.c w.l-.nrc cd the rs,.rd.'um. in - 
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shaken flasks or by adding a small amount of agar to the 
medium. A higher temperature (35° C.) was found to 
be more favorable for rapid formation of neomycin than 
a lower temperature (26-28° C.) ; however, a higher level 
of activity was reached upon prolonged incubation at 
28° C. 

In measuring the potency or concentration of the new 
antibiotic, the agar plate dilution method was first used, 
since it not only allowed determination of the total activ- 
ity but also tended to establish the antibacterial spectrum 
of the culture. The agar-diffusion or cup method, which 
has proved so successful in measuring the potency of 
other antibiotics, required certain modifications and a 
well defined standard. This is brought out in the fol- 
lowing summary of the effect of different concentrations 
of antibiotic 3535 upon its antibacterial activity, as meas- 
ured in terms of streptomycin units : 


Concentration of 
antibiotic 3535 
mg./ml. 


Activity, as measured in 
terms of streptomycin 
u./mg. 


1.00 

0.10 

0.01 


10 

18 

94 


When measured by the agar-streak dilution method, the 
same preparations gave 30 £. coli units per 1 mg. 

The antibiotic was removed from the broth by proce- 
dures similar to those previously found to be effective in 
the isolation of streptothricin (2) and streptomycin (3). 


RESULTS 


Afilimtcrobial properties of antibiotic 3535 


The first crude preparations gave an antibac- 
terial spectrum whiclt was quite characteristic of 
this antibiotic. This is brought out in Table V. 
One would expect from the results of the agar- 
cross-strenk tests that the new antibiotic would 
be active alike upon the streptomycin-sensitive and 
the strcptonu’cin-resistant organisms, as well as 
upon the strcptothricin-sensitiv'e and -resistant or- 
ganisms. This was actually found to be the case. 
The high activity of the new antibiotic upon the 
various mycobacteria proved to be especially in- 
tere.sting. When the sensitivity of the human 
pathogenic culture of Mycobacterium tuberculosis 
H37Rv and of the streptomycin-resistant strain 
H37RvR was determined by turbidimetric proce- 
dures in the Ditbos Tween medium, both cultures 
wcTc fonrut to he eqttally sensitive. The new anti- 
iiiotic was similar to streptomycin in its lack of 
activity upon fungi. 





Th.i* ditTerences 
rvpton.n cin a.r.d 
ith. certain clwm 


in the antimicrobial s{)ectra of 
tlw new antibiotic, combined 
cal ditTcrences between the two 


TABLE V 

Comparative antibacterial spectra oj 
neomycin and streptomycin 
Amounts required to inhibit growth of organism 
in 1 ml. of culture 


Organism 

Neomycin* 

Streptomycint 


u./ml. 

tig./ml. 

Aerobacler aero genes 

0.625 

0.5-2.5 

Bacillus anthracis 

0.156 

0.375 

B. mycoides 

0.1-0.5 

0.1-3.8 

B. subtilis 

0.02-0.1 

0.12-1.0 

Brucella abortus 

1.25-5.0 

0.5-3.75 

B. melitensis 

0.625-2.5 

0.5 

B. suis 

0.312-2.5 

0.5 

Clostridium perjringens 

>10.0 

>104 

Corynebacterium diphtheriae 

0.156 

, 0.375-3.75 

Escherichia coli 

1.25-2.5 

0.3-3.75 

B. coli RJ 

1.5-5.0 

>1,000 

Hemophilus influenzae 

1.25-2.5 

1.56-5.0 

H. pertussis 

2.5 

1.25-3,0 

Klebsiella pneumoniae 

0,312-0.625 

0.625-8.0 

K. pneumoniae R 

0.312 1 

>1,000 

Malleomyces mallei 

>10.0 i 

10- >10.0 

Mycobacterium avium 

0. 1-0.3 j 

10 

M. phlei 

0.05-0.078 i 

0.12 

M. tuberculosis \ 

<0.5 

1.0-5.0 

M. tuberculosis R i 

<0.5 

>100 

Neisseria intracellularis 

1. 25-2.5 

5.0 

Pasteurella pestis 

0.625 

0.75-1.5 

P. tularensis i 

0.156 

0.15-0.3 

Phytomonas pruni 

0.1 - 

' 0.25 

Proteus vulgaris 

1.25-2.5 

0,4-3.0 

Pseudomonas fleruginosa 

12.5-25.0 

2.5-25.0 

Salmonella typhosa 

' 0.1-0.625 

1.0-37.5 

S. schottmiilleri 

0.4-0.7 

2.0 

Sarcina lutea 

2.5 

0.25 

Serratia marcescens 

1.25 

1.0 

Shigella paradysenteriae 

0.25-0.5 

0.25-3.75 

Staphylococcus aureus 

0.156-0.625 

0.5->16.0 

Streptococcus faecalis 

5.0 

50.0 

Vibrio comma 

2.5 

6.0-37.5 

Various fungi 

>10.0 

>10.0 


• Based on results obtained by_F. Heilman at Mayo 
clinic; O. Graessle at Merck Institute; and in our own 
laboratories. 

t Results reported by Waksman, S. A., and Schatz, A., 
Am. Pharm. Assoc., 1945, 34, 273. 
f Streptomycin-resistant. 

antibiotics, emphasized the fact that we were deal- 
ing with a new type of antibiotic substance. It 
was, therefore, designated as Neomycin. 

Neomycin was found to be less favorable to the 
development of resistant strains of bacteria on con- 
tact with it than is usually found to be the case 
with streptomycin. A 20-hour-old agar culture 
of E. coli was suspended in water and plated out 
in nutrient agar containing varying amounts of 
neomycin. Of 22 billion cells added to each plate, 
only very few colonies developed. When pieces 
of agar were removed from the plates and added 
to sterile media, only the 5 u./ml. plate gave any 
bacterial growth; the 10 u./ml. and 25 u./ml. agar 
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plates gave no growth, thus pointing to the high 
bactericidal properties of neomycin. Figure 1 and 
Table VI illustrate the difference in the develop- 
ment of bacterial resistance to neomycin and 
streptomycin. 

Plates containing varying amounts of neomycin 
were streaked with streptomycin-sensitive, -re- 
sistant and -dependent strains of E. coli (4) ; the 



I 


first two strains were found to be sensitive alike 
to neomycin, and the last made no growth. This 
established further the marked difference in anti- 
bacterial behavior of neomycin and streptomycin. 
A comparison of the sensitivity of man}- strains 
of the same organism to neomycin revealed con- 
siderable variations. Most strains of E. coli, 
for example, were sensitive to 2.5 u./ml. ; one 
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TABLE VI 


Survival of E. coli in plates containing varying 
concc>itratio7is of neomycin and streptomycin 


Incubation 

Neomycin Ui./mt.) 

Streptomycin (iig./ml.) 

of plates 

2 

4 

6 

8 

2 

4 

i 

6 

8 

1 

hrs. 

Colonics developing on plate from 1 ml. of 
bacterial suspension* 








i 


24 

700 

8 

0 

0 

21,000 

270: 

201 

0 

48 

1,500 

65 

1 

<1 

4,600,000 

560 

70 

26 

72 

1,700 

108 

2 

<1 

6,700,000 

640 

130 

70 

120 

1,700 

108 

2 

<1 

7,400,000 

640 

130 

70 


* 1 ml. of 24-hour-old bacterial suspension contained 246 
million cells. 


strain, however (ATCC 6880), was resistant to 
5 u./ml. 

When broth or agar cultures of various bacteria 
containing sufficient neomycin to inhibit growth 
were incubated for longer periods, no further 
development of the bacteria occurred, thus point- 
ing to the stability of this antibiotic, as contrasted 
to aurcomycin. for e.xample. Similar results were 
obtained with saprophytic mycobacteria and the 
pathogenic M. tuberculosis. 


Identity of neoiuyciii-produciiuj organism 3535 


The neomycin-producing culture was found to 
be (piite distinct in its cultural and other proper- 
ties from the other known antibiotic-producing 
species of Sireptomyces. Its growth on synthetic 
and organic media was yellowish to brownish, but 
no soluble ])igment was formed, thus placing it 
among the non-chromogenic forms. Aerial my- 
celium was readily produced on synthetic media; 
it was pigmented at llrst while, turning to rose- 
pink or fie.sh-pink or seashell pink (light-russett- 
vinaceous, acc(wding to Ridgway, XXXIX l>-9"'). 
On certain media, the mycelium tended to be 
patchy, gradually covering the surface of the vege- 
tative growth. 'I'he .^porulating hyphae were usu- 
ally straight, either forming no ^pirals or onlv an 
owa^iotial loovc spiral. .Xniong the type cultures 
already described in the literature, the above dc- 
scrijiiion v.a.' fomul to lit bc.si with the organisms 
dc'crihc'l by W ;ikstn:in ;ind Curtis as . Icttnonivecs 
I .V;» I'f v.'iv ) fr.’iiiae ( 5 ) . 




> \ 


o.'.tl 


[irt 

> in p. 


u.-o! ewellent growtli in shaken 
trr.de.l to tmdergo Ivsis. 
rh. bntTerts! na-dia. h has not 


been established as yet whether the lysis of the 
culture is due to infection with phage or to the 
action of an autolytic enzyme. In contrast to 
streptomycin, once neomycin was produced, how- 
ever, it remained in the medium and was not 
readily destroyed. 

Physical and chemical properties of neomycin 

A detailed survey of the physical and chemical 
properties of neomycin will be presented else- 
where. It is sufficient to summarize some of these 
properties here. 

Neomycin is highly resistant to the action of 
micro-organisms. It is heat-stable and is resistant 
to the action of acid (pH 2.0) at the temperature 
of boiling water. 

Neomycin is favored in its antibacterial activity 
by an alkaline reaction of the medium. The best 
results were obtained with a pH of 7.0-8.0 of the 
agar and a pH of 7.0 of the buffer. The presence 
of glucose in the test medium reduces the potency 
of the antibiotic by favoring either acid production 
or growth of test organism. 

Cysteine has apparently no marked effect upon 
the activity of neomycin. When 1 to 10 mg. of 
cysteine are added to 50 u. of neomycin in a 
phosphate buffer at pH 7.0 and solutions allowed 
to stand at room temperature for three to 20 
hours, only a slight loss in activity occurs. 

SUMMARY 

The formation of a new antibiotic, designated as 
neomycin, by a culture of Sireptomyces (No. 
3535) closely related to S. fradiae is reported. 

Neomycin is produced, under shaken or sub- 
merged conditions, in media similar to those used 
for the production of streptomycin by X. grisens. 
The culture tends at first to form acid and undergo 
lysis. This can be prevented by addition of CaCO. 
to sugar-rich media, or by reducing the sugar con- 
tent of the medium, or by increasing the peptone 
content. Addition of a small amount of zinc has 
a favorable effect. 

Neomycin belongs to the basic group of anti- 
biotics, which includes a number of substances 
already described in the literature. 

Neomycin is heat-stable. It is also stable to the 
•tetion of micro-organisms. It is favored in its 
•ictivity by an alkaline reaction of the medium. 
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It is not favored b}^ the presence of glucose in the 
medium. 

Neomycin is active against a large variety of 
bacteria, including Gram-positive and Gram-nega- 
tive, as well as acid-fast, forms. It is active alike 
against streptomycin-sensitive and streptomycin- 
resistant strains of bacteria, including those of M. 
tuberculosis var. Jioininis. It is not active against 
fungi. 

Neomycin is not onl}^ bacteriostatic but also 
strongly bactericidal. It does not readily allow 
development of resistant strains of bacteria among 
the sensitive forms. 
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DIFFUSION PLATE ASSAY FOR CHLORAMPHENICOL 
AND AUREOMYCIN^ 

By W. a. RANDALL, A. KIRSHBAUM, J. K. NIELSEN, and D. WINTERMERE 
(From the Federal Security Agency, Food and Drug Administration, Washington, D. C.) 


In the development of bioassay methods for 
antibiotics a certain standard pattern is usually 
followed. First, a wide variety of microorganisms 
are tested for their sensitivity to the new drug and 
then sensitive strains are selected and tested for 
their suitability for use in a plate assay, turbidi- 
metric assay and serial dilution assay. Since the . 
Food and Drug Administration tests a number of 
antibiotics, every effort is made to adapt test pro- 
cedures for new antibiotics to those already iti use. 
Thus, in the two plate assay methods to be de- 
scribed, it has been found possible to utilize the 
same test organism ; the same medium as that used 
in the seed layer for the penicillin plate assay ; and 
the general procedure for determining the potency 
of an unknown which is the same as that described 
for penicillin in the Federal Register of June 3, 
1948. 

The percentage error of the assay may be de- 
termined by the double dose technic described by 
Knudsen and Randall ( 1 ) . A 1 : 4 ratio is used 
for chloramphenicol (20 gg. and 80 gg.), and a 
1:10 ratio for aureomycin (3 gg. and 30 jug.). 
The chart and nomograph for the 1 ; 10 ratio are 
not given in the above publication but may be ob- 
tained on request from the Food and Drug Ad- 
mini.'^tration. The percentage error of the chlo- 
ramphenicol plate assay has averaged 2.23% on 
about 21 determinations with a range of from 0.7% 
t(» 4.5S'^'L The error of the aureomycin assay is 
somewhat higher. In 24 determinations the per- 
centage error ranged from 2.5 U to 14.8% with 
an average of 7.4L . In our e.xpericnce the cup- 
pl.ate methocl for chloramphenicol is the most ac- 
curate and reproducible one yet encountered. A 
cotnptvsiie curve was prepared from ten daily chlo- 
ramphenicol curves and the poiency of samples 
previoU'lv run recalculated. Since no significant 
dutYerence-. in potency were neiied. a daily curve is 

■ i'rr-'.rt-. it at the S-Ci'tv' Nati >nril Svaiposuim on 
.\>h. ;;r. in .\f,ti'’; 'tic'- Rc'earch l;el>l in Wasll- 
r' a D V.'-. .\! ri'. 1!-I2. I'-h*, e.T’. !-. r the a'.'.'okes o! the 
St'.: i> v'.i r'. Nhati- Ir.'titte.o- of Health. 

I’.,' I’l-l r:.l .yeency. 


no longer necessary ; however, the composite curve 
is checked against a new standard curve once every 
week. A description of the methods follows. 

Culture media. Use ingredients that conform to the 
standards prescribed by the U.S.P. or N.F. Make nu- 
trient agar for the seed and base layer and for carrying 
the test organism as follows : 


Peptone 6.0 gm. 

Pancreatic digest of casein 4.0 gm. 

Yeast extract 3.0 gm. 

Beef extract 1.5 gm. 

Glucose 1.0 gm. 

Agar 15.0 gm. 

Distilled water, q.s 1000.0 ml. 


pH 6.5 to 6.6 after sterilization 

Make nutrient broth, for preparing a suspension of the 
test organism, as follows : 


Peptone 5.0 gm. 

Yeast extract 1.5 gm. 

Beef extract 1.5 gm. 

Sodium chloride 3.5 gm. 

Glucose 1.0 gm. 

Dipotassium phosphate 3.68 gm. 

Potassium dihydrogen phosphate ... 1.32 gm. 

Distilled water, q.s 1000.0 ml. 

pH 7.0 after sterilization 


In lieu of preparing the media from the individual 
ingredients specified above, they may be made from a 
dehydrated mixture which, when reconstituted with dis- 
tilled water, has the same composition as such media. 

Working standard 

A. Chloramphenicol. Weigh out carefully appropriate 
amounts of the standard which is crystalline synthetic 
chloramphenicol and dilute in 1% phosphate buffer pH 6 
to give a solution containing 100 Mg. per ml. Keep this 
stock solution at a temperature of 15° C. or less, and use 
for only one week. From this stock solution make ap- 
propriate working dilutions in the above buffer. To 
facilitate solutions, the standard may be first dissolved 
in a small amount of ethyl alcohol. 

y. H. Aureomycin. Proceed as above except dilute the 
a'ttTcoriiycin standard which is crystalline aureomycin 
to 1000 Mg. per ml. in 157 potassium acid phthalate- 
tartaric acid buffer pH 3.0 and use for only three days. 

l^reparation of sample. 

I C hloramphcnicol. Di.wjlvc the sample to be tested 
■'-rn a small amount of ethyl alcohol and then further dilute 

940 
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in 1% phosphate buffer pH 6 to make an appropriate 
stock solution. 

B. Aureomycin. Dissolve the sample to be tested in 
sterile distilled water to make an appropriate stock 
solution. 

^Preparation of plates 

T. Base layer. Add 21 ml. of agar to each Petri dish 
120 X 100 mm.). Distribute the agar evenly in the plates 
and allow it to harden. Use the plates the same day 
they are prepared. 

II. Seed layer. The test organism is Sarcina lulea 
(P.C.I. 1001). Maintain the test organism on slants of 
■^nlitrient agar prepared as described above, and transfer 
to a fresh agar slant once a week. Prepare a suspension of 
the test organisms as follows : 'Streak an agar slant heavily 
with the test organism. Incubate 24 hours at 26° C. 
Wash the growth off in about 3 ml. of nutrient broth. 
Use the suspension so obtained to inoculate the surface 
'of a Roux bottle containing 300 ml. of the above agar. 
Spread the suspension over the entire surface with the 
aid of sterile glass beads. Incubate 24 hours at 26° C. 

A. Chloramphenicol. Wash the resulting growth from 

J he agar surface with about 20 ml. of nutrient broth, 
f an aliquot of this bulk suspension, when diluted with 
nutrient broth 1 : 10, gives a 10% light transmission, the 
bulk suspension is satisfactory for use in the test. It 
may be necessary to dilute the bulk suspension so that 
a 1 ; 10 dilution of an aliquo t giv es a light transmission 
of 10%. A photoelectric colorimeter equipped with a 
filter having a wave length of 6500 Angstrom units is 
used in the standardization. The bulk suspension may be 
used in the test for one week or longer. Add 1.5 ml. of 
the adjusted bulk suspension to 100 ml. of agar which 
has been melted and cooled to 48° C. Use 4 ml. per 
plate of this inoculum for the seed layer.'' 

B. Aureomycin. W’ash the growth from the agar sur- 
face with SO ml. of nutrient broth. If an aliquot of this 
hulk suspension when diluted 1 : 50 in saline gives 75% 
light transmission (filter same as above), the bulk sus- 
pension is satisfactory for use in the tcj^t. .As above, it 
may be necessary to dilute the bulk suspension so that 
an aliquot gives Jaf'r light transmission. The bulk sus- 
pension may be used in the test for at least one week. 
•Add 0.3 ml. of the adjusted bulk suspension to 10)1 ml. 
of agar which has been melted and cooled at 4S° C. Use 
4 ml, per plate of this inoculum for the seed layer. 

A.s.say 

J A. Chloratnplu'iiieol. The ])(iteiicy of the .sample 
is (lelenniiied hy tlie .standard curve technic, us- 
inj; a single tlose of standanl and unknown. 

Dihtfe the sample to he te--!ed to an e.-timaled 5') 
Pg. per ml. in I'i ]iho-phate hulTcr pll (<. 1‘b.ce 
six c\linder> (>n th.e ims'idatetl .agar .sttrface su 
that they are at approxinaatelv (>') interv.al.s on 
J.N cm. ra.i’ir.s. I ^e th.ree tilate- t*ir er.clt ‘■.■'.m;;*!' 


Fill three cylinders on each plate tvith the 50 ixg. 
per ml. standard and three cylinders with the 50 
fig. per ml. (estimated) sample, alternating stand- 
ard and sample. At the same time prepare a 
standard curve, using concentrations of the stand- 
ard of 30.0, 35.0, 40.0, 45-.0, 50.0, 55.0, 60.0, 65.0, 
and 70.0 fig. per ml. A total of 24 plates is used 
in the preparation of the standard curve, three 
plates for each solution except the 50 fig. per ml. 
solution. The latter concentration is used as the 
reference point and is included on each plate. 
On each of three plates fill three cylinders with 
the 50 Jig. per ml. standard and the other three 
cylinders with the concentration of the standard 
under test. Thus, there will be seventy-two 50- 
fig. determinations and nine determinations for 
each of the other points on the curve. Incubate 
the plates for 16 to IS hours at 37° C. and measure 
the diameter of each circle of inhibition. Average 
the readings of the 50 jig. per ml. concentration 
and the readings of the point tested for each set 
of three plates, and average also all 72 readings of 
the 50 fig. per ml. concentration. Tlie average of 
the 72 readings of the 50 fig. per ml. concentration 
is the correction ])oint for the curve. Correct tlie 
average value obtained for each point to tlie figure 
it would be if the 50 fig. per ml. reading for that 
set of three plates were the same as the correction 
point. Thus, if in correcting the 40 /ig. per ml, 
concentration the average of the 72 readings of the 
50 fig. per ml. concentration is IS.O mm., and the 
average of the 50 jig. per ml. concentration of this 
set of three plates is 17.S mm., the correction h .2 
mm. If the average reading of the 40 jtg. jier ml. 
concentration of these same three plates is 17.0 
mm., the corrected value is then 17.2 mm. 

Plot thc.se corrected value.' including the aver- 
age of the 50 fig. jier ml. concentrations on two- 
cycle semi-log paper, using the concentration itt 
fig. pvr ml. as the ordinate f the logaritb.mic .'C.-d': i 
and the diameter of the zone of inhibition as the- 
abscis.va. Dr.'iw the standard curve through tl;e->- 
Jioints, 

To estimate the potency o; tp;.- -re.up’e. 
tlie ztine readings of th.e >t.-.udard ,a;:d tk- 
re.adings of tlie '.ample <■:; thr'i- pk.t'-- •,■■■■■! 
It the -ample give- a larger roue *;r'- tlg.ti t!.- 
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ard curve. If the average value is lower than the 
standard value, subtract the difference between 
them from the 50 /xg. per ml. unit value on the 
curve. From the curves read the potencies cor- 
responding to these corrected values of zone sizes. 

B. Anreomycin. The assay for aureom3'^cin 
follows very closely that described for chloram- 
phenicol. The following exceptions are noted. 

1. Dilute the stock solution of the sample to be 
tested to 10.0 jig. per ml. (estimated) in 1% po- 
tassium acid phthalate-tartaric acid buffer (pH 
3.0). 

2. Prepare a standard curve, using concentra- 
tions of the standard of 4.0, 6.0, 8.0, 10.0, 13.0, 
17.0, 22.0, and 29.0 jig. per ml, in 1% potassium 
acid phthalate-tartaric acid buffer pH 3.0. The 


10 jig. per ml. concentration is the reference point 
for the aureoniycin curve, and the correction point 
is obtained by averaging the readings of all of the 
10 ji%. per ml. concentrations. 

SUMMARY 

1. A cup-plate assay for chloramphenicol and 
aureomj'-cin is described. 

2. The organism, medium and the general 
method for estimating the potency are the same 
for both antibiotics. 
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CHLORAMPHENICOL (CHLOROMYCETIN), AN ANTIBIOTIC. 
PHARMACOLOGICAL AND PATHOLOGICAL STUDIES 
IN ANIMALS 

By O. M. GRUHZIT, R. A. FISKEN, T. F. REUTNER, axd EDITH MARTINO 
(From Ihe Research Laboratories, Parke, Davis and Company, Detroit, Michigan) 


Chloramphenicol is an antibiotic which initially 
was isolated from culture filtrates of the fungus 
Streptomyces venezuelae (1-3) by Bartz (4) and 
subsequently was synthesized chemically (5-7). 

Chloramphenicol (Chloromycetin) is a pure 
chemical substance, Z)( — )// 2 rco-l-/>-nitrophenyl- 
2-dichloroacetamido-l, 3-propanediol, and has the 
following chemical structure 


v 

NO2 


H 

! 

-C C CHoOH 

i 1 

OH NHCOCHCI3 


H 

I 

-C- 


It is a neutral white crystalline substance with a 
bitter taste and is stable in neutral and acid solu- 
tions. The drug is moderately soluble in water 
(0.25 per cent at room temperature, 0.65 per cent 
at 70° C and up to 15 per cent in propylene glycol, 
5 per cent in 50 per cent acetamide), and is insolu- 
ble in vegetable oils. Solubility in urine or serum 
is about the same as in water. Solutions arc stable 
on heating. 

Material for tliis study consisted of crystalline cliloram- 
phenicol obtained from culture filtrates, and the synthetic 
product. 

Chlorainphcsticol was administered intravenously in 
aqueous propylene plycol or acetamide solutions to small 
animals at a rate of 0.1 cc. per ten seconds; dogs re- 
ceived 1.0 to .1.0 cc./min. .-Ncutc toxicity results arc 
based on a seven- to 14-<lay observation pcriwl and 
chronic tolerance studies were carried out for two to 
four wcebs in sm.all animals and for ])eriods of three 
and five weeks and over four months in dogs. The 
Dragstedt el a!. l.S) inetbo<i servctl to interiHiIatc re-ults. 

’ Prc.sented at the Si-coiid National S.vinpovinm on 
Recent .\dvanccs in .\mihiolics Research held in Wash- 
inulon, D. t.,., .Vpril 11-12. lO-lO. tinder the .”iu<;picr< of the 
.\ntibioiics Study Sectiim. Nnti 'iul lu'-iitute- <'S He.al!b. 
Riihlic Health Service. I'tvhral Security .Agency. 

= Chlor.vmphrnicol is a geiuric n.tiue c. inrd sT.-m th.e 
chemic.vl 'trf.ct;.rc (i.p i 

M*; I'l is 

wlus'h \\,\v I'rTtk; •t’lV'r-'l hi *'-.r 


Acute Toxicity 

Intravenous administration of a 0.5 per cent 
aqueous solution of chloramphenicol to 20-gram 
white mice caused slight transient ataxia with 125 
to 150 mg./kg. doses. At lethal or near-lethal 
doses of 175 to 300 mg./kg., the mice became in- 
coordinated, some were flaccidly prostrate and 
dyspneic, and death occurred within a few minutes 
from respiratory failure. The surviving animals 
appeared normal within a few minutes to one-half 
hour. Intraperitoneal and oral administration of 
toxic doses produced similar reactions. Pcrorally 
in single doses mice showed a slight dyspnea with 
1.5 grams A'g- a^d dogs were free of reactions at 
150 to 200 mg./kg. once or twice daily. .Adminis- 
tration of a two-fold increase in the above amounts 
to dogs produced sporadic vomiting, acute diar- 
rhea, irritability, occasional spasticity and clonic 
convulsive seizures. The comparative toxicities 
of the fermentation and synthetic products were 
nearly identical (Table I). 

Intravenous administration of cbloramphenicol 
to adult dogs in 60 to 87 per cent jiropylcnc glycol 
solution at a rate of 3 cc./min. caused transient ri.sc 
of body temperature of 0.6 to 1.7° F. corre.vpond- 
ing to tem])erature changes from equivalent 
amounts of projn lene glycol alone. The puFe rate 
had a tendency to bectjmc slightly depressed, while 
the respiration rale increased. .A iran-ient hema- 
turia appeared with 150 mg./kg. <l<i^e.^ without 
progrc.<sive histojiatliologic changes in the kidr.ey.-. 
The hemogram wa.'. not altered in a .-even-day <A- 
servation ]>criod. 

When chloramphenicol a- a 10 per ceiJt ^o^.!ti(^tI 
in jiropylenc glycol wa- ad!ni;ii^!l■r^•d ri ;>-.'itw;ly at 
30-minule interval.-, 1 cc., min., intraven- u-ly 
<iog,- under i'entokarbital atu -tlie-ia an<! tb'- car-- 
t’.d blood pre--nre .and re-jera!" 'T'. i ,\cnr-’ n.- v. 
recorded by coiu'entionrd :.■> 

in bl'-»d prt ^-n^e or .Mnplnn / of e-.enro . rt. ' 
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TABLE I 


Acute paretiteral and oral toxicity of chloramphenicol prepared synthetically or by fermentation 


Animal 

Route 

Material and diluent 

Number 

animals 

M.T.D.* 

LDo 

LDso 

Albino Mice 

I.V. 

Fermentation, 25-28% propylene glycol 

455 

mg./kg. 

50 

mg./kg. . 

109.5 


I.V. 

Fermentation, water 

964 

125 

. 195.4 


I.V. 

Synthetic, water 

375 

125 

202.6 


I.P. 

Fermentation, acacia-water suspension 

280 

750 

1320.0 


f.P. 

Fermentation, water 

170 

625 

1320.0 


Oral 

Fermentation, acacia-water suspension 

270 

1500 

2640.0 

Albino Rats 

I.V. 

Fermentation, 60% propylene glvcol 

438 

100 

175.5 


I.V. 

Synthetic, 60% propylene glycol 

Fermentation, 50% acetamide 

239 ' 

100 

170.5 


I.V. 

518 

200 

279.4 


I.V. 

Synthetic, 50% acetamide 

1 

140 

225 

278.0 

Dogs 

I.V. 

Fermentation, 75-85% propylene glycol ’ 

7 

150** 




l.M. 

Fermentation, peanut oil suspension ^ 

3 

>101 

— 


I.M. 

Fermentation, 62% propylene glycol 

8 

>46.5 




Oral 

By capsule, powder 

7 

>300 

— 

Rabbits 

I.V. 

1 

Fermentation, 100% propylene glycol 

25 

75 

117.0 


* Maximal tolerated dose (M.T.D.) — Survival of 100 per cent of animals, 
** Renal hemorrhage was frequent. 


doses of chloramphenicol. An 11 and 71 per cent 
decrease in blood pressure occurred with 50 and 
100 mg ./kg. doses respectively and this was accom- 
panied by slight increase in respiration rate and 
decrease in amplitude. Single doses to individual 
atiimals caused no blood pressure changes with 
12.5 and 25 mg. /kg., a fall of about 7 to 10 per 
cent was produced with 50 and 100 mg./kg. In- 
creasing tile injection rate had a tendency to cause 
a “speed-shock" and a 150 mg./kg. dose at 4 cc./ 
min. produced a ‘)7 per cent fall in blood pressure 
and death from res])iratory failure. Analogous 
volumes of pro]n lene glycol alone caused 5 to 10 
per cent kill in liiood pressure on repeated injec- 
tions in the same animal and none when given in 
^ingle doses to different animals (Figures 1 and 2). 

Chronic I'o.vicity 

lu chrnnic tuhratu-v studies (iiTfcrviit dose levels of 
cld'ramjl.icuico! were .id!iiini‘'tered to different groups 
of mice, euinra pie-, rat', rah'jiis, .md dugs. -Ml ani- 
IV. >.!' were oL.erved. daily for food consumption, reactions 
a!'..*, weekly h.x’.v weight chance', lllood counts were 
mide guiTi-a I'ig', rat' and di'gs. The hIoo<l non- 
St.t’.iv, r.i’.Ti'ecv,, t'r>':!>u!f.i!cin liver auii phennl'uifon- 
j ’.tv f.il!;-) uritt'- an.aliji' for albumin 

..vd -'•e.'.r, at'.', (v. -•.’'■.■iV'.-.-d •■'•va valu'.- were determined in 


Urine volume excretion tvas determined in mice and 
dogs. The maximal tolerated doses (M.T.D.) tvhich 
caused no reactions and produced only slight or no de- 
pression of normal body weight gain in animals and the 
50 per cent lethal doses (LD,,n) are shown in Table II. 

Subcutaneous injections of 50 to 100 mg./kg. 
twice daily in 10-20 per cent propylene glycol solu- 
tion to 20-gram mice for 14 days showed a slight 
to 10 per cent weight gain depression. With 200 
and 400 mg./kg. doses, the mice refused food and 
lost weight, and death of 20 and 100 per cent of 
animals occurred on respective doses. The sites 
of repeated injections became indurated and ul- 
cerated. Death was due to anorexia and cachexia, 
conijilicated by ulcerations penetrating .the abdomi- 
nal wall. 

When chloramphenicol was given to 20-gram 
mice in the diet, normal growth of animals was 
maintained on 0.125 and 0.25 per cent concentra- 
tions (203 and 385 mg./kg. jier day) Imt wit!) 0.5. 
1.0 and 2.0 per cent concentrations (respectively 
679, 1290 and 2060 mg./kg. daily) for a two-week 
l)eriod, mice lost from 0.85 to 4.0 grains in weight 
from anorexia without showing other reactions. 

Oral administration to mice by cannula in 
acacia-water suspension of about 215 mg./kg. twice 
daily for four weeks causcf! no anorexia and al- 
lowed normal growth rate. .A 311 mg./kg. dosage 
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THE effect or chlxsromycetin 
ON RESPIRATION AND BUOOO PRESSURE 
IN TJIE.DOC. PENTOBARBITAL ANESTHESIA 
(INJECTIONS AT 30 MINUTE INTERVALS) 



CHLOROMYCETIN 10'". IN PROPYLENE 
GLYCOL, RATE OF INJECTION - Uc. rrinMr 


Fig. 1. Iktravekous Injection's of Chi.orampiienicol in Anesthetized Dons 
Repeated injections caused no blood pressure changes with 12.5 and 25 mg./kg. .\ 
slight depression occurred with 50 mg./kg. and a rapid fall with 100 mg./kg. accom- 
panied by decrease in amplitude and increase of respiratory rate. Increasing speed of 
injection to 4 cc./min. a 150 mg./kg. dose produced 97 per cent fall in blood pressure 
and death from respiratory failure. 


twice daily produced death of 30 per cent of the 
animals. It was evident that daily oral intakes 
in mice of 385 to about 425 mg./kg. in divided 
doses constituted about the maximal tolerated 
amounts of chloramphenicol, whether administered 
in the food or by cannula. 

Guinea pigs had considerable aversion to the 
diet (rabbit chow pellets) (9) containing chlo- 


ramphenicol. This was overcome in part by start- 
ing animals first on 0.125 per cent (90^ mg./kg. 
daily) and increasing tlie concentration for the 
second week to 0.25 ]>er cent (153 mg./kg.) and 
to 0.5 per cent (256 '' mg./kg.) in the third week. 
On this schedule, guinea pigs maintaincrl or in- 
creased their weight. W’licn jilaced initially on .r 

.Actu.-il amount ingested per day. 


Chronic loxicily of chloramphenicol 


Mrxlr and duraiinn of admini*tration 


Allnno Mice In diet miion. daily inception for 2 weeks 

Uy cannnl.T, in two divided do-cs daily fur 4 wtvks 
SiiI>ctn.ine(ni-.Iy in propylene given! d.iily for 2 weeks 
IntrapsTitone.ally in water once daily for 2 wtvk- 

C.iiinea I’Igs ■ In diet r.ition, ti.iily inge-tion for 2 to 4 wes-U- 

Dogs Or.itly tiy c.ip-;i!e for J .ind 5 we-hs .and over i moat!.- 

dis'idtal do-rs dailv 

' I.M. in pri'pylene plycn! fu- 2? il.T.- in t-.\ i divid',-; d •• 
Or.dh tiy r.ip--.;tc lor T das - in -in'.-;- ddts <: 
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THE EFFECT OF CIIEOROMYCETIN ■ 

ON RESPIRATION AND BLOOD PRESSURE Ml DOCS 
PENTOBARBITAL ANESTHESIA 


SINGLE INJECTION 



na 



D - 

100 mpmAst 

. I cc/min. - • 




Tim*' ' min. 


CHLOROMYCETIN 10% IN PROPYLENE GLYCOL 


C 

100 rngm/kf*. 
2cc/min. . 


Fig. 2. Intravenous Injection of Chloramphenicol in Anesthetized Dog(s) 
Single injections of 50 and 100 mg./kg. at a rate of 1 cc./min. caused a slight blood 
pressure fall (7 to 10 per cent) ; doubling the injection rate caused the blood pressure 
to fall about 31 per cent. 


0.5 per cent diet concentration, the animals con- 
sumed about one-third of the normal food intake 
for the first week and about three-quarters of nor- 
mal subsequently. On a 1.0 per cent concentration 
in the diet, they consumed about one-fourth of 
normal food intake, lost on an average of 117 
grams in weight in two weeks and si.x out of eight 
died from cache.xia. The two surviving guinea 
pigs were cachectic, showed a slight hemoglobin 
concentration (120 per cent versus controls of 
104 per cent), with rise of neutrophilcs to 77 per 
cent (controls 44 ])er cent), and the total white 
cell count remained about unchangefl. 

I iilraiiittscular Ttilcraticc in Pugs 

A group of tliree young, recently acquired, street 
d(>g> wcigliing II to 14 kg. each and showing ini- 
ti.al clinic.a! "ymplonH of ’Vli.'itemper” (a slight 
1). uiy temperature ri^e, conjunctivitis and serous 
rhiniti' ) were each injected intranuL--cularIy twice 
d uly with <1.5 gram of the fermentation i;roces> 
cI:!or;imo!;.-nico! p:irtiy di-'ulveil in 2 cc. of 62 per 
prop;. glyco! for in 24 day^. In 

tir-t '•.■•.rm ?o ten dav' of treatittent the tern- 
;.-r..ti;rt t':- d ro.e to Ii».i.2 to l<''r,‘ 1'. .-imj 


receded to normal at ten, 19, and 21 days respec- 
tivel}’’ under treatment. During the fever period 
the dogs developed anorexia and considerable 
anemia with 2.5, 3.4 and 4.2 million erythrocytes 
per cu. mm. respectively. The red cell counts rose 
to 4.0, 3.4 and 5.5 million as the fever declined 
and the appetite of the dogs improved. Injections 
were followed by considerable to severe local tissue 
induration, extensive edema, hemorrhage and 
necrosis. Tentatively it was assumed that the 
anemia was associated with “distemper” and prob- 
ably tbe severe local tissue changes were a con- 
tributory factor. Autopsy and microscopic tissue 
examination showed no significant pathologic 
changes in the liver, spleen, kidneys and other 
visceral organs, while the lungs showed residual 
inflammatory foci. 

Ora! Tolerance in Dogs 

Initially 800 mg. or 86 mg./kg. of the fermenta- 
tion process crystalline chloramphenicol was given 
to a dog, a single dose orally in a gelatin cap.sule. 

I he animal remained free of systemic or gastro- 
intestinal reactions. 7' wo dogs were given 300 
mg’, kg. daily a'^ a single dose for four days. Ani- 
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mals showed anorexia, lost weight and vomited 
occasionall 3 L Rise of body temperature of 0.8 to 
1.4° F. occurred on the first day; the temperature 
was normal subsequently. Two other dogs re- 
ceived 200 mg./kg. twice daily for 32 doses in 21 
days. These animals developed severe anorexia, 
adipsia and lost 2.5 to 4.5 kg. in body weight. At 
the end of the third week the urine showed casts 
and a large amount of albumin. The body tem- 
perature remained normal. Another dog, fed 0.5 
gram (73 mg./kg.) twice dail}' for 38 doses in 24 
days, remained asymptomatic. This animal rvas 
studied for hematologic, bromsulfalein liver func- 
tion, blood sugar and total non-protein nitrogen 
changes. The various test results showed normal 
values, and the urine remained free of albumin and 
sugar. Three additional dogs were given 75 
mg./kg. twice daily of the fermentation product 
for 66 doses in 39 days and seven dogs were given 
synthetic chloramphenicol, 50, 75 and 100 mg./kg. 
twice daily respectively for 194 doses in 133 days. 
The dogs of the former group were fed chlor- 
amphenicol six days, and the latter five days each 
week. The daily dosage for each dog was ad- 
justed at weekly intervals to the gain or loss in 
body weight. The animals of both groups re- 
mained in good physical condition ; the first group 
gained 0.55 to 0.85 kg., the second group, 0.45 to 
2.75 kg., while two animals remained about sta- 
tionary (—0.25 to +0.3 kg.). Gastro-intestinal 


reactions occurred rarely; one dog vomited once 
after the 30th dose (50 mg./kg.), the second ani- 
mal vomited once after each of the 153rd and 166th 
doses, and a third animal after the 173rd dose (100 
mg./kg.). No diarrhea was encountered. The 
animals showed no disturbances of vision, iiearing 
or somatic reflexes. The urine remained free of 
sugar and albumin, but occasionally following 
catheterization injur}’, blood appeared in urine. 
The body temperature remained normal except in 
one animal following catheterization injuri’ and 
ensuing cystitis. Blood pressures were deter- 
mined three times on each dog of the second group 
bj' an indirect tail pleth}'smograph method and the 
readings fluctuated in a normal range of 135 to 165 
mm. of mercury, while six untreated dogs showed 
blood pressure range of 135 to 172 mm. Examina- 
tion of tissues at autopsy revealed no gross patho- 
logic changes, except focal inflammatorj’ hemor- 
rhagic areas of the urinary bladder of an animal 
with chronic ulcerative cystitis. Volume of daily 
urine excretion was in the range of normal dogs. 

The hematology in these dogs remained rela- 
tively unchanged, although rouglily about 300-350 
cc. of blood were withdrawn from eacli dog for 
chloramphenicol determinations, N.P.N. and blood 
count studies (Figure 3). In one of tlie.se dogs 
the red cell counts decreased to 4.9 million per cu. 
inm. and hemoglobin values to 85 jier cent. Au- 
to])sy revealed ulcerative cy.stitis and atrophic 
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stomach mucosa. The leucocyte counts of treated 
animals remained in normal range and varied 
slightly from the pre-treatment values of 7,400 to 
15,900, average of 12,400, to the last counts of 
10,200 to 14,100 per cu. mm., average of 12,900. 
The animal with chronic cystitis and atrophic gas- 
tritis had an initial count of 18,200 leucocytes per 
cu. mm. and it remained at this level until the last 
three weeks when the leucocytes rose to 33,000 
and the temperature to 103.3° F. The total blood 
non-protein nitrogen in the latter animal remained 
in a normal range (32-46 mg. per cent). The 
differential counts in the above dogs ranged from 
71 to 90 per cent neutropbiles prior to chloram- 
plrcnicol administration and during the treatment 
jieriod 80 to 90 per cent neutropbiles, 10 to 17 
per cent lymphocytes and scattered eosinophiles 
and mononuclear cells. No tendency to agranulo- 
cytosis Or abnormal cell morphology was observed. 

The total blood non-protein nitrogen was deter- 
mined in the morning before dosing, five to nine 
times Qu each dog. In this group of dogs the nor- 
mal values ranged between 19 and 50 mg. per 
cent. Under chloramphenicol treatment non-pro- 
tcin nitrogen values showed sporadic fluctuation 
(Table III) which was not parallel to size of 
dosage or duration of treatment. Moreover, the 
fluctuation in values was not regular^ sustained 
or cumulative, but paralleled the amount of meat 

TAHI.l- in 

'J'otiil hhxnl unn-prolfiH nilrpj^cn in chlardinplicnicol-fcd dogs 
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in the diet ration ingested previous to sampling. 

Bromsulfalein liver function tests indicated dye 
retentions of less than 5 per cent in 30 minutes. 
Phenolsulfonphthalein excretion amounted to 
about 58 per cent at one hour as compared with 
52 per cent in the pre-treatment period. Daily 
water intake was reduced by about 50 per cent of 
normal animals and the urine volume in treated 
dogs fluctuated from 21 to 32 cc./kg. in 24 hours 
as compared with 20 to 60 cc./kg. in the normal 
control period. Anuria was not in evidence, and 
the renal clearance of creatinine remained normal. 

Pathology 

Pathologic tissue changes in non-toxic dose 
range of chloramphenicol were essentially absent. 
In the toxic range the pathology was related to 
a “shock-like” effect of chloramphenicol, resulting 
in prostration, severe respiratory depression or 
failure, fall of blood pressure, thready pulse, and 
anoxia. The visceral organs were congested with 
scattered petechial hemorrhages ; the kidneys were 
moderately swollen and renal hemorrhage oc- 
curred on intravenous administration, probably 
due to propylene glycol (10). The animals either 
died from respiratory failure within a few minutes 
after intravenous administration or within two 
hours on oral administration. The tissues of 
surviving animals, at the end of the seven-day 
observation period, on microscopic examination, 
were essentially free of acute degenerative changes. 
Tissues of dogs on daily oral intake of 100 to 200 
for over four months were free of acute 
or cumulative chronic degenerative changes ex- 
cept some hydropic changes in capillaries of the 
glomerulae. Since renal hemorrhage occurred on 
intravenous administration of maximal tolerated 
doses of propylene glycol solutions of chloram- 
])hcnicol. the differential histopathologic changes 
are under further investigation and will be re- 
ported on at a later date. 

Blood Scnuii and Urinary Conccnlralion and Ex- 
cretion 

A four-liour turbidimetric method (11), em- 
ploying Shigella sound as a test organism, was 
used to determine chloramphenicol concentration 
in blood serum, urine, bile and spinal fluid. One 
ag. 'cc. is the thre.shold of the test .sensitivity. In- 
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travenous administration produced initial blood 
serum concentration of 17 to 45 /xg./cc. at 15 
minutes, roughlj^ proportional to 19 and 50 mg./ 
kg. dosage. The serum levels rapidly decreased to 
below 1.0 ixg./cc. at four and six hours respectively 
(Figure 4). Intramuscular administration in 
peanut oil suspension of 90 to 101 mg./kg. pro- 
duced serum levels of 1.5 to 7.5 /^g./cc. for a 
seven-hour period and less than 1 fig./cc. at the 
I6th hour. When chloramphenicol in propylene 
glycol was given twice daily intramuscularly in 
doses of 37 to 46.5 mg./kg., the serum levels 
varied from 0 to 4 /iig./cc. at two hours after the 
first dose, 3 to 6 i^g./cc. at two hours after the sec- 
ond daily dose, and 0.0 to 1.0 fxg./cc. on the fol- 
lowing morning. Oral administration in dogs of 
single doses of 86 and 1 50 mg./kg. provided serum 
levels from 8 to 39 i^g/cc. at two hours, 10.6 to 20 
fig./cc. at eight hours and less than 1 /ig./cc. at 12 
hours. Dogs treated perorally twice daily for 
over four months were sampled four times at dif- 
ferent 24-hour intervals and the average serum 
levels for an eight-hour period ranged from 6.2 to 
9.8 fig./cc. for the 50 mg./kg. dose, 19.1 to 25.8 
fig./cc. for the 75 mg./l<g. dose and 26.6 to 36.4 
/ig./cc. for the 100 mg./kg. dosage. The blood 


serum contained no chloramphenicol 18 hours af- 
ter the second daily oral dose. Bile contained 10 
to 30 /ig./cc. at two hours after dosing and cere- 
brospinal fluid 0 to 2.5 pjg./cc. after the first and 
3 to 4 fig./cc. after the second 75 mg./kg. daily 
dosing. A dosage of 200 mg./kg. twice daily 
showed serum levels of 80, 120. 20 and 0 at six, 
eight, 12 and 24 hours respectively. 

In mice following subcutaneous administration 
of 100 mg./kg. twice daily, tbe blood serum con- 
tained 11 fig./cc. and urine 60 ftg./cc. Guinea 
pigs receiving perorally by cannula 750 mg./l<g. 
showed 2.3 fig-/cc. of serum at two hours and 
none at four hours, and when given the same 
amounts subcutaneously in propylene glycol, tbe 
serum contained 7.8 fig./cc. at 30 minutes. 10.1. 
3.9, 2.3, and 2.2 fig./cc. at two, eight, 16 and 24 
hours respective!}', indicating that chloramphenicol 
oral!}’ in guinea pigs is either poorly absorbed or 
rapidly degraded in the bod}'. 

U riuary Excretion 

Urine was collected from dogs by catheterir.a- 
tion, and from small animals in a metabolism cage. 
Chlorampbenicol concentration in urine attained 
maximum levels at two to eight hours, depending 
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upon mode of administration (Figure 5). In- 
travenous administration of single doses of 19 and 
50 mg./kg. produced over 600 /xg./cc. of urine at 
two hours followed by gradual fall to 3 to 4 fig. at 
24 hours. Following oral single dose administra- 
tion of 86 to 150 mg./kg. the urinary concentra- 
tion reached a maximum of 1360 to 2500 jug./cc. in 
four to six hours and 23 to 121 /xg./cc. at 24 hours. 
When given in oil suspension, a maximum con- 
centration of 480 /xg./cc. was reached at eight 
hours and 7.5 /xg./cc. at 48 hours. Oral adminis- 
tration of two doses per day of 50 to 100 mg./kg. 
produced the first peak of 228 to 591 at two 
hours and the second peak at eight hours with 270 


to 1300 /xg./cc., with 25 to 76 /xg./cc. at 24 hours. 
When given in propylene glycol, 41 mg./kg. twice 
daily intramuscularly, the two-hour averages for 
urinary concentration were 148 /xg./cc. and the 24- 
hour levels were 63 to 164 /xg./cc. (Table IV). 
The urinary excretion of chloramphenicol for a 
24-hour period in dogs accounted for only 3.5 to 
8.7 per cent of the total administered. Blood 
serum studies indicated absence of chlorampheni- 
col in serum in four to six hours following intra- 
venous and in 12 to 16 or 24 hours following oral 
or intramuscular administration, while urine con- 
tained considerable amounts at 24 hours, indi- 
cating absorption of Chloromycetin by tissues from 


CHLOROMYCETIN - EXCRETION IN DOGS 
URINARY CONCENTRATION 



1 



li 


1 '-.ik :it a!-' 1”: 
. %tT a J-J-!'.. 


Fig. 5 

CliIdroTTncftin occurred between two and 
!'.Tht hijur-, and the urinary e.xcretion was 
■ V'-Ti'.d. 




CHLOROMYCETIN — PHARMACOLOGICAL AND PATHOLOGICAL STUDIES 


951 


TABLE IV 


Urinary concentration of chloramphenicol in dogs 


Number 

tests 

Route 

mR./kg. 

X daily 

Hour intervals of sampling urine 

0 

2 1 

4 

6 ! 

8 

)2 

16 

20 

24 

30 

40 

4S 

i 







ffsicrograms prr cubic centimeter 





4 

l.V. 

19-SOX 1 

0 

485 1 

137 1 

47 

23 1 

14 

1 

— 

1 3.3 




1 

Oral 

86X1 

0 

283 ! 

1360 ! 

2540 

2080 ' 

— 

; 1 

— 

121 




4 

Oral 

1.S0X1 

0 

383 i 

1487 

1040 

694 ! 

206 

341 

23 

19.2 



i 

6 

Oral 

SOX 2* 

31 

228 

190 

171 

269 

— 

1 1 

— 

36 



1 

20 

Oral i 

75 X 2* 

47 

304 

336 i 

891 

620 

— 

j 

— 

i 65 

i 1 



6 

Oral 

100X2* 

43 

591 

337 j 

864 

1300 

— 

— 

! — 

25 




6 

I.M.Oi! 

90-101X1 

0 

177 

307 

429 

480 

— 

132 

58 

76 

48 

15 


6 

I.M. Pr. Gl. 

41X2* 

63 

148 

1 

1 

— 

j 

— 

1 

1 

164 





* Second dose was administered at the end of the fourth hour. 


which it is gradually liberated and excreted in the 
urine. 

SUMMARY 

1. Chloramphenicol (Chloromycetin) is mod- 
erately soluble (0.5 per cent) in water, urine and 
serum, propylene glycol (15 per cent), SO per 
cent acetamide-water solution (5 per cent), and 
is insoluble in vegetable oils. Animal studies have 
indicated identical pharmacologic properties for 
material produced by fermentation and by chemi- 
cal s)'nthesis. 

2. Cliloramjihenicol was readily al)sorbed fol- 
lowing parenteral and oral administration and was 
found in blood serum, urine, bile and cerebrospinal 
fluid within two hours of administration. 

.5. It disappeared relatively rapidly from the 
blood stream, within four to si.x hours after intra- 
venous and 12 to 16 hours after oral admin- 
istration, witli maxiinuni Idood scrum concen- 
tration occurring between two and six hours 
and maximal urinary concentration between two 
and 12 hours. The urinary c.xcretion jiersistcd 
for over a 24-hour period with total recoverv of 
3.5 to 8.7 per cent. 

4. Chloranijihenicol was relatively non-toxic t<» 
animals and possessed no cumulative to.xic cfTect 
on oral dosage of ITO to 2(X1 mg. hg. per day to 
dogs for over a four-months juTiod. Tlie intra- 
venous aditiinistration of 12..=^. 25 and 50 mg. kg. 
was within the well-tolerated range. It caused 
no cumulative toxic eUect .ei liemojH.iesis. liver 
and kidney function-, anal visceral ti"n.es. M;,, ,d 
pres-ure and re.-piratiou n-m.-iined tm.-ifrected on 


oral intake of 200 mg./kg. per day. and on intra- 
venous administration to barbiturized dogs of 
12.5 to 25 mg./kg. Gastro-intestinal reactions 
were uncommon, somatic reflexes, ocular and 
auditory functions remained undisturbed. 

5. Lethal or near-lethal atnounts of cltloratn- 
plienicol orally and parenteraliy caused acute 
respiratory depression or failure, accompanied by 
fall of blood pressure atid anoxia. Transient 
renal hematuria, probably of glomerular origin, 
and hydropic degeneration of glotneritlar capil- 
laries occurred on administration of toxic amounts. 

6. Intramuscular administr.ation of oil sus- 
pensions or propylene glycol solution in doses of 
0.5 to 1.0 gram caused considerable local tissue 
induration and necrosis, and a transient induration 
with 0.1 to 0.2 gram do.scs. 

7 . Oral administration of chloramphenicol to 
dogs provided measurable levels in the blond for 
about eight hours and in the urine for 24 hours. 
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SUSCEPTIBILITY OF MICRO-ORGANISMS TO CHLORAMPHENICOL 

(CHLOROMYCETIN) 

By I. W. McLEAN, JR., J. L. SCHWAB, A. B. HILLEGAS, and A. S. SCHLINGMAN * 
{From the Research Laboratories, Parke, Davis & Co., Detroit 32, Mich.) 


The antibiotic, chloramphenicol, produced by 
Streptomyces venezuelae, was originally reported 
by Ehrlich et al. (1, 2) and independently de- 
scribed by Carter, Gottlieb et al. (3, 4). Since 
these original reports the active principle has been 
chemically isolated and characterized (5, 6), syn- 
thesized (7) and is at present commercially avail- 
able for clinical use. 

Originally (1) activity was described against 
several Gram-negative bacteria, in particular 
Shigella sonnei, and against Rickettsia prowazekii 
in chick embryos. Smadel et al. (8-11) have 
notably extended this spectrum to include other 
rickettsial agents as well as two viruses, lympho- 
granuloma venereum and psittacosis. Smith et al. 
(12) reported that chloramphenicol was active, un- 
der the conditions tested, against Gram-negative 
bacteria, R. prowazekii and Borellia recurrentis; 
moderately active, against Gram-positive bacteria 
and Mycobacterium tuberculosis; and inactive in 
the concentrations used against yeasts, filamentous 
fungi, protozoa and certain viruses. Youmans et 
al. (13) tested strains of virulent human-type M. 
tuberculosis in vitro and concluded that chloram- 
phenicol was only moderately active when com- 
pared with streptomycin or para-amino salicylic 
acid. 

Qinically, confirmation of laboratorj' activity 
has been obtained for certain of the rickettsial dis- 
eases (14-18), typhoid fever (19), brucellosis 
(20) and in urinary infections caused by certain 
Gram-negative bacteria (21 ) , With the drug now 
a\-ailablc in quantitj’ for clinical trial, it seems op- 
portune at this time to collect the known informa- 

* Presented at the Second National Sj-irposium on 
Recent Advances in .'\ntibiotics Research held in Wash- 
inRton, D. C., .-Xpri! 11-12, 19^9, under the auspices of the 
Antibiotics Study Section, National Institutes of Health, 
Public Health Service, Federal Security Agenej". 

‘ Parke, Davis 5; Company trade-name. 

’ Collaborators ; F, lifiller, J. S. Markey, .A. Putheu, 
M. C. Galbraith, M. IL Doles. F. Shet.'-in, G. Coffey! 
J. M. McCracken, ?>. D. .Mevore, II, M. C. Mar.r.L“.j. 
Reseaixli laboratories, Parke. Davis Compar,>-. 


tion with respect to the microbiological spectrum 
of this new chemotherapeutic agent. 

METHODS 

Viruses and Rickettsiae 

Borreliota: Vaccinia virus (New York Public Health 
strain from Dr. S. K. Muckenfus, New York City Dept, 
of Public Health, N. Y., egg-adapted) was tested as a 
representative of this group of viruses. Two tj'pes of 
tests in chick embryos were used. The first consisted of 
mixing the chloramphenicol with the virus and inoculat- 
ing 0.1 ml. of the mixture onto the chorioallantoic mem- 
brane of 10-day chick embryos. After four days incuba- 
tion at 35° C. the membranes were e-xamined and com- 
pared with controls for reduction in pock formation. 
The second method consisted of inoculating groups of 
treated, 10-day chick embryos via the yolk sac with a 
lethal dose of virus and repeating treatment on the fol- 
lowing day by the same route. The eggs were candled 
twice daily and delay in death time and seven-day sur- 
vivors recorded. 

Erro: St. Louis encephalitis virus (egg-adapted from 
Dr. Carl Duffy, Wayne University, Detroit, Michigan, 
and a mouse-adapted laboratory strain) was tested to 
represent the group of virus enccphalitidcs. Tests were 
conducted in embryonated eggs and mice. For the egg 
test, nine-day embryos were infected via the allantoic sac 
and treated 30 minutes before infection and on the Ist 
day after infection. The eggs were candled twice daily 
and time of death and seven-day surs-ivors noted. In the 
mouse test, groups of 10 to 12 Gm. white Swiss mice 
were infected intracerebrally and treated inlrapcritoncally 
before infection and twice daily thereafter for 10 doses. 
Mean death time was compared witii that of a control 
group. 

Formido: The National Institutes of Health mouse- 
adapted strain of rabies virus was used, as well as a 
variant line of this strain adapted to the intramuscular 
route of infection. For the forme.-, mice were injected 
intracercb.-aliy wiili a letlal do<e and daily treatments 
given intraperitoneally for four days. A similar proce- 
dure was used wiili the int.-amuscular strain except fer 
the different route of vims administration. Ti.me cf 
paralysis and death of th.e treate-l mice v.as r-'.ted Fr 
comparison with centre! groups. 

Le^o: The anti-p-ciic-mjelitis si.-us tfts '..rre c-n- 
ducted by Drs. J. L. Melr.id: and F. R. Cerria (22 i cf 
the Yale University ! c: Mrfjtine, N'e-.v Hicr-. 

Comm Tl-.e V-S IL anl Un-.in.- strains fm. - i Ltt-: . 
were u*e-d as well as Tl.eilrr"; irtestina! virus ei r->rr. 
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Rabula: The egg-adapted mumps virus tested was ob- 
tained from Dr. J. E. Smadel of the Army Medical 
School, Washington, D. C. The tests were conducted in 
seven-day embryonated eggs infected via the allantoic sac. 
Treatments were given 30 minutes before infection and 
on the second day. Allantoic fluid was harvested from 
each egg after seven-days incubation and tested for virus 
multiplication by the addition of washed chicken red blood 
cells. In addition a hemagglutination titration was per- 
formed on an aliquot pool of allantoic fluid from the 
groups of eggs. An untreated control group was in- 
cluded in the test for comparison of the number of posi- 
tive eggs and level of group hemagglutinin titer. 

Tarpeia: Tests against three strains of type A, seven 
strains of type A' and two strains of type B influenza 
virus have been conducted in 11-day chick embryos. The 
virus was inoculated into the allantoic sac and treat- 
ments given by the same route 30 minutes before infection 
and 60 minutes later. After 40 hours incubation at 35° C. 
the presence of infection in each egg and the hemaggluti- 
nation titer of an aliquot pool of allantoic fluid were 
determined for each group as described above for mumps 
virus. Considerable work has been done using the mouse- 
adapted PR8 strain of type A in mice. In general, 
groups of 12 to 14 Gm. white Swiss mice were infected 
intranasally and treated by various routes and at different 
times with chloramphenicol. In the test reported here 
treatment was given intraperitoneally for seven days 
starting at the time of infection. 

One inconclusive test has been made with the Green 
strain of distemper virus (commercial distemperoid, ferret- 
adapted) in ferrets. Two ferrets were infected intra- 
nasally and one was treated intraperitoneally at the time 
of infection and daily thereafter for three days. Severity 
of illness and time of development of fever were noted. 
The animals were sacrificed at the height of the disease; 
hence duration of illness could not be determined. 

Tortor: Newcastle disease virus (California 14 from 
Dr. L. T. Giltncr, Bureau of Animal Industry, Wash- 
ington, D, C.) was tested in 11-day embryonated eggs 
and white Leghorn pullets. The test in eggs was con- 
ducted in the same manner as the influenza virus tests 
described above c.xccpt that infection was determined by 
death or survival of the embryo. Comparisons of the 
average time of death of treated and untreated groups 
were made. In chickens the virus was administered in- 
tramuscularly and treatments were given approximately 
every 12 hours for four doses starting at the time of 
infection. Time of the appearance of symptoms and num- 
ber of survivors compared with a control group were 
noted. 

The chick bronchitis virus (obtained from Dr. C. H. 
Cunningb.am, Michigan State College, East Lansing, 
Micb.igan) was tested in chick embryos as described 
alvjvc for Newcastle disease. 


Lar^T.go-trach.eitis virus (commercial \-accinc strain) 
as tested cn the mem.brane of chick embryos using the 
rch.r.i '.ue described for vaccinia virui. 

.h’i.dc'j.n’j; Censi !erab!r uork h.as been done with epi- 
m-.i: tvvhui (/?. p'c-.i-iz.'lU, Brci-nl strain) in chide 


embryos. In the work reported here, groups of six-day 
chick embryos were infected via the yolk sac and treated 
once on the third day after infection by the same route. 
Average time of death and number of survivors were 
compared with an untreated control group. 

The results with murine typhus {R. typhi), scrub 
typhus (R. tsutsugamushi) and rickettsialpox (/?. akari) 
were taken from the work of Smadel ei al, (5-II). Us- 
ing the method described above, their findings for murine 
typhus in eggs have been confirmed in this laboratory. 

Dermacentroxeyms, Coxiella ayid Miyagawafiella: The 
reports of Smadel et al. (8-11) are included in the table 
for Rocky Mountain spotted fever (D. rickettsi), Q fever 
(C. buritetii), lymphogranuloma venereum (M. lympho- 
gramdomaiis) and psittacosis (M. psiUacii). 

Bacteria 

The bacterial species reported here were tested for their 
susceptibility to chloramphenicol by inoculating a speci- 
fied dilution or quantity of liquid culture into media con- 
taining varying concentrations of the drug, the end point 
being taken as the lowest concentration which caused 
complete inhibition of growth for 18 hours. Except as 
indicated the original transplants for preparation of sus-> 
pensions were made from cultures dried from the frozen 
state. 

The aerobes were tested by adding 1.0 ml. of a stand- 
ardized dilution of a tryptose broth culture to 1.0 ml. 
quantities of tryptose broth containing varying concen- 
tration of chloramphenicol. The final concentrations used 
varied from 0.1 to 200 /ig/ml. The tubes were incubated 
for 18 hours and the results recorded as "growth” or "no 
growth.” 

It was necessary to utilize special media for some of 
the more fastidious organisms. However, the same tech- 
nique was used, replacing the tryptose broth with the 
special medium required. Brucella abortus was grown 
under 10 per cent COj for 48 hours (No. 1335). 

The anaerobes were tested by adding varying concen- 
trations (ranging from 0.1 to 500 Mg/ml.) of chloram- 
phenicol to melted agar medium cooled to 40° C. To 
each tube, 0.1 ml. of a 24-hour liquid culture of the 
organism to be tested was added. The tubes were then 
shaken thoroughly and allowed to gel. Growth was re- 
corded as positive or negative after 24 hours incubation. 

Beef infusion agar (2 per cent) containing 2 per cent 
glucose (pH 8.2) was used for Clostridium perjritigens, 
novyi and scpticuyyi. Cl. feseri was tested in 2 per cent 
liver infusion agar (pH 8.2) and the anaerobic agar rec- 
ommended by Records and Vawter (23) was utilized for 
Cl. heyuolyticum. Cl. tetani was grown in Taylor medium 
containing 0.5 per cent agar and incubated in an atmos- 
phere of hydrogen and carbon dioxide. 

Fungi 

In determining the susceptibility of fungi to chloram- 
phenicol, a brotii dilution method was employed. Serial 
dilutions of the drug in broth were dispensed in 1 ml. 
amounts in Wassermann tubes and to each tube was added 
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1 ml. of inoculum in broth. The tubes were incubated at 
30" C. for one to seven days, depending upon the species, 
and then observed for inhibition of growth. The minir 
mum concentration of the drug causing complete inhibi- 
tion of growth was taken as the end point. 

Modified Sabouraud’s broth (dextrose 2 per cent, neo 
peptone 1 per cent) was used in preparing the dilutions of 
the drug and the fungus suspensions. In the case of the 
actinomycetes, Brain-Heart Infusion Broth (Difco) was 
employed. 

Three types of inocula were used. 1) Spore suspen- 
sion; In heavily sporulating species suspensions were 
prepared from either agar slant or agar plate cultures 
of the fungus. In the case of agar slants, broth was 


added to the tube, the fungus stirred up with an inoculat- 
ing needle and the tube then shaken. When using agar 
plate cultures the mycelium was scraped from the surface 
of the plate, placed in broth and shaken. The suspensions 
were then filtered through cotton and the spores counted 
on the hemocytoroeter. 2) Spores and mycelial frag- 
ments: Species having limited sporulation were removed 
from the surface of the culture medium, emulsified with 
broth either in a Waring Blender, by shaking with glass 
beads or by grinding in a mortar. The suspension was 
filtered through a loose cotton mat and in some instances 
the number of fragments and spores per ml. was deter- 
mined by means of the hemociiometer. 3) Mycelial 
suspension : The mycelium of non-sporulating species was 


TABLE I 

Viruses and ricketlsiae 



Route of 
infection* 


Treatment (mg.) 



Vaccinia 
Vaccinia 
Variola (22) 

St. Louis Enceph. 

St. Louis Enceph. 

Japanese Enceph. 

Rabies 

Rabies 

Polio. (Lansing) (22) 

Polio. (Y-SK) (22) 

Theilcr's Intestinal (22) 

Mumps 
Influenza 
A (PR8) 

A (3 strains) 

A' (7 strains) 

B (2 strains) 

Distemper 
Newcastle Disease 
Newcastle Disease 
Chick Bronchitis 
Laryngo- tracheitis 
Lymphogranuloma (L.A.) (8-11) 
Psittacosis (6-BC) (8-11) 
Psittacosis (6-BC) (8-11) 
Psittacosis (P-4) (8-11) 
Epidemic Typhus 
(Brcinl) (8-11) 

Murine Typhus 
(Wilmington) (8-11) 
(Wilmington) (S-Il) 

Scrub Typhus 
(Gilliam) (8-11) 

(Sccrangaycc) (8-11) 
(Sccrangayce) (8-11) 

(Karp) (8-tl) 

Rlckeitsi.ilpox (MK) (8-11) 
Rickettsialpox (MK) (8-11) 

R. M. spot, fever 
(Biuc.'Toot) (S-U) 
(Bitterroot) (S-Il) 

0 Fever (Hcnrerling) (S-lt) 


Emb.(10)t 

Emb.(lO) 

Emb. 

Emb.(9) 

Mice 

Mice 

Mice 

Mice 

Mice 

Mice 

Mice 

Emb.(7) 

Mice 

Emb.(ll) 

Emb.(Il) 

Emb.(Il) 

Ferrets 

Emb.(ll) 

Chickens 

Emb. (11) 

Emb.(lO) 

Emb.(7) 

Emb.(7) 

Mice 

Emb.(7) 

Emb. (6) 

Emb. (6) 

Emb. (6) 
Mice 

Erab.(6) 

Emb.(6) 

Mice 

Mice 

Emb. (6) 

Mice 

Emb.(6) 


C.A.M. 

Y.S. 



I.N. 

A1.S. 

Ai.S. 

AI.S. 

LP. 

AI.S. 

l.M. 

A1.S. 

C.A.M. 

Y.S. 

Y.S. 

I.P. 

Y.S. 

Y.S. 

Y.S. 


V-FCm. mixed 
0.5X2 

0.5X2 
0.3 q.d.XIO 

0.5-i-0.2 q.d.X4 
0.25-f 1 q.d.X2 


0.5X2 

2-1-1 q.d.xe 


2-f 1 q,d.X3 
0.3X2 

16.5q.d.X12hX4 

0.5X2 

V-fCm. mixed 
Pre-inf. 

Pre-inf. 

0.75 q.d. 

Pre-inf. 

0.5X1 (3rd) 


Memb. 

Y.S. 


5.0 q.d.XI3 


2.5 q.d.X20 
2.5 q.d.X12 


0.75X10 


Pre-ir.f. 


I.P. 

AI.S. 

Ai.S. 

AI.S. 

I.P. 

AI.S. 

l.M. 

A1.S. 

Memb. 

Y.S. 

Y.S. 

I.P. 

Y.S. 

Y.S. 

Y.S. 


Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Delayed death 

Negative 

Nt^tivc 

Negative 

Negative 

Negative 

6/8 Survivors 

Negative 

Ncg.itivc 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

Signifi&int 

Significant 

.Significant 

Significant 

Significant 

Significant 


*C..\.M. " chorioall.mtoic mf.mhr.mr: Y.S. •• %X/ri: sac* .4.1.5 "• a’l’-it 
murcuUr; I.N. -intran.\vi!; I.P. - intrapc.riionM!. ‘ • 

t nmb.(lO) ~ chick embryos and (age of i.-.c-j!>atlor)). 


0X>6 ' S 

— ! n 

0.5 ! y: 


ac; I.C. ~ intracerebral: l.M. 
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TABLE II 
Bacteria 


Organism 

P-D Culture 
Bureau No. 

Source 

Inoculum 

InhibitinK 

conc» 

Aerobacfer aerogenes 

0126 

P. D. Stock 

1-20,000,000 

us./ml. 

0.5 

Aerobacler aerogenes 

0126 

Frequent transfer 

1-10,000,000 

2.5 

A Icaligenes faecalis 

01602 

Pus 

1-10,000,000 

1 

Alcaligenes melalcaligenes 

— 

Urine (B) 

1-10,000,000 

200 

Alcaligenes melalcaligenes 

— 

Urine (B) 

1-10,000,000 

>200 

Alcaligenes melalcaligenes 

— 

Urine (B) 

1-10,000,000 

>200 

Bacillus anthracis 

01172 

B. A. I. 

1:20 

5 

Bacillus anthracis 

01176 

B. A. I. 

1:20 

5 

Bacillus anthracis 

03191 

College Station, Tex. 

1:10 

0.75 

Bacillus anthracis 

04809 

A. T. C. C. 

1:20 

5 

Bacillus cereus var. mycoides 

04545 

Frequent transfer 

1-10,000,000 

2.5 

Bacillus subtilis 

04771 

Frequent transfer 

1-10,000,000 

2.5 

Brucella abortus 

1335 

Dr. Huddleson, M. S. C. 

1:20 

10 . 

Brucella abortus 

02522 

Aborted bovine fetus N. I. H. 

1:20 

2.5 

Brucella bronchiscplicus 

03710 

Trachea of dog 

1:20 

10 

Brucella bronchisepticus 

03854 

Lung 

1:20 

10 

Brucella melitensis 

Gol. 

Camp Detrick 

1:20 

5 

Brucella melitensis 

04091 

N. I. H. 

1:20 

5 

Brucella suis 

1772 

Dr. Huddleson, M. S, C. 

1:20 

5 

Clostridium feseri 

01409 

K. S. A. C. 

0.1 cc. undiluted 

>500 

Clostridium feseri 

01416 

K. S. A. C. 

0.1 cc. undiluted 

>500 

Clostridium hemolyticum 

04779 

Univ. Nev. 

0.1 cc. undiluted 

>500 

Clostridium hemolyticum 

04780 

Univ. Nev. 

0.1 cc. undiluted 

>500 

Clostridium novyi 

068 

Dr. Novy, U. of M. 

0.1 cc. undiluted 

>500 

Clostridium novyi 

04309 

N. I. H. 

0.1 cc. undiluted 

>500 

Clostridium perfringens (welchii) 

01400 

Dr. DeKruif, U. of M. 

0.1 cc. undiluted 

>500 . 

Clostridium perfringens (welchii) 

02122 

[ Dr. Reed, Kingston, Ont. 

0.1 cc. undiluted 

>500 

Clostridium septicum 

01587 

Univ. of Calif. 

0.1 cc. undiluted 

>500 

Clostridium septicum I 

01759 

K. S. A. C. 

0.1 cc. undiluted 

>500 

Clostridium tetani \ 

03724 

N. Y. Dept, of Health 

0.1 cc. undiluted 

>500 

Clostridium tetani 

04770 

Mueller variant 

0.1 cc. undiluted 

<0.1 

Corynebaclerium diphtheriae 

036 

P. D. Stock 

1-10,000,000 

0.5 

Corynebacterium diphtheroides 

04464 

P. D. Stock 

i-io;ooo;ooo 

1.0 

Corynebaclerium pyogenes 

01536 

Bovine uterus 

1:10 

2.5 

Diplococcus pneumoniae Type I 

04385 1 

Purulent chest fluid 

1-10,000,000 

1.0 

Diplococcus pneumoniae Type III 

04645 

P. D. Stock 

1-10,000,000 

2.5 

Diplococcus pneumoniae Type XII 

04338 

N. I. H. 

1-5,000,000 

2.5 

Escherichia coli var. communior 

04420 

Pyelitis, Rt. kidney 

l-20,OOO,OOO 

2.5 

Escherichia coli var. communior 

04256 ^ 

Blood cult, uterine infection 

1-20,000,000 

2.5 

Escherichia coli var. communis 

04474 

Kidney infection, urine 

1-10,000,000 

2.5 

Escherichia coli v'ar. communis 

04508 

Blood culture 

i-io,ooo;ooo 

2.5 

Escherichia coli var. communis 

04508 

Blood culture 

1-20,000,000 

2.5 

Escherichia coli var. communis 

04746 

Urine sp. 

1-20,000,000 

2.5 

Escherichia coli var. communis 

01495 

Frequent transfer 

i-io,ooo;ooo 

2.5 

streptomycin-resistant 

04814 

P. D. Stock 

1-10,000,000 

0.5 

Escherichia colt sp. 

i 

Urine (F) 

1-10,000,000 

2.5 

Escherichia coli sp. 

— 

Urine (0) 

1-10,000,000 

2.5 

Escherichia coli sp. 

— 

Pre-treatment sample of urine 

i-io,ooo;ooo 

2.5 

Gaffkya tetragena 

0584 

Pure culture, U. of Iowa 

i-io,ooo;ooo 

2.5 

Hemophilus pertussis (Phase I) (12) 

04692 

Dr. Kendrick, Mich. 

10‘ organisms 

10^ organisms 

10* organisms 

0.2 

Hemophilus pertussis (Phase I) (12) 

04688 

Clinical case 

0.2 

Hemophilus pertussis (5 isolates) (12) 

— 

Clinical cases 

0.2-0.3 

Klebsiella pneumoniae 

04012 

Sputum 

1-10,000,000 

0.75 

Klebsiella pneumoniae 

04172 

Blood culture 

1-10,000,000 

2.5 

Klebsiella pneumoniae 

04184 

Spinal fluid 

i-io;ooo;ooo 

0.75 

Klebsiella pneumoniae 

04299 

Sputum 

i-io,ooo;ooo 

0.5 

Klebsiella pneumoniae 

04389 

Throat 

1-10,000,000 

0.5 

Klebsiella pneumoniae 

04483 

Sputum 

i-io,ooo;ooo 

0.75 

Ktfbsielia pneumoniae 

04682 

F. D. A. 

1-500,000 

0.5 

Klebsiella pneumoniae 

04682 

F. D. A. 

1-1,000,000 

0.5 


04682 

F. D. A. 

1-10,000,000 

0.5 

Kl'bsiel.a pneumoniae 

04682 

F. D. A. 

1-20,000,000 

0.5 

Kle' sie..a pneumoniae (smooth) 

04SI2 

F. D. A. 

1-20,000,000 

0.5 

hleb'.x-’l^ pneum 'n:ae (opaque) 

04812 

F. D. A. 

i-ioiooo^ooo 

0.5 

Ll‘:'Stslla pneumoniae 

04S12 

Frequent transfer 

l-20;000i000 

0.5 

i *■* s * i **' *** r » 

Kle^'li'^la pne^mo^le I 

04544 

Frequent transfer 

i-io,ooo;ooo 

1.0 


Urine 

i-io,ooo;ooo 

2.5 









^^rococcvl 

^\<=rococcus pfollT ''^'■- ^^bus 

"SZSS f "i* “ nr S" 
feSSfSs;?* 

^icrocoaZ vfr 
^icrocolZ t^^Senes var 

^^roZZui pyogenes vaP 
^^crocofcl. P°Senes var ‘ T'’*"'' 
^icrocotl, t^'’Senes var n 
^icrocotli ^°i<^nes vt 

^fycobacleri,^^°^^”‘s var 

■A^eSje?®" v/ruIe//''j"^‘’-^« ^ 3 ) 

^Oiteurell^‘''^^M’‘>dis 

^o^leuretln 

PasUurJ,, V^ida 

f,l^‘^reUa i£f ''* 

■t^deurtlln 

pisteurella 

;^^^eurglia 
Proteus vulg^'i!^‘’ro 

Mm 

■Proteus ^^0.3 

*«*„rf;“ «”■ ■ 



01828 
0394 

03481 
04460 
0447s 
04513 

04816 
04778 
04662 
04598 
04546 
04540 
04518 
04509 


04778 

02482 

02145 


Urine 

Bn-?' 

5°'' on head 
I £°"orrheae 
p^^alegonorrheae 

' Pustule 

^a^in/ectjon (Aj; 
P- D. 4’ 

P-Em 

U’l- 

Ear fAl) 

S'‘SiSnm 

P“ZP‘'^r 


/ - •«« isolates 
03447 Tm u 

Oms Ic'^nithr^ai^^Pry 

04587 Ir • ''*>'oodorn».- , 

04588 / H «'■ goose 

04042 clPS^doAgn-ch’^'^'^ 
02217 /^^Vone^ 

/|r -is, 

^-e'h 

Vrine^- 

transfer 


tln'nP'^OO 

I /n’n°°.000 

}~}n’n^0,000 
l~in’nn°’°^0 

f r®'®00,000 

1 ln^^‘^00 

l~lnno°’°^0 

Llnnn°’°°0 

1 in’nP’OOO 

l~lnno^'°°0 

1 innP’^00 
1 in'on°’^°0 

LinnB°°0 
iJP^^^’OOO 

, ^'000,000 

l~lnnn°'°°0 

1 » n ’ nn °'®00 

l~in'on°'°°0 
^ ^0,000,000 


OIJ45 

02854 

0924 

02164 

02165 
04262 
04736 
04736 


^126 
04248 
02133 
04591 
04625 
04629 

2430 I JT^'ine 

Sliil p“S,S-”n 

t^72S 


eye 

j^ab from left , 
Worse t arm 





' *-»> c 

f.‘9o' culture 
I t^nne 
/.^nncfAjc) 

/ ,S:nnc rc) 

/ Lv"' ^•’ 'o) 
rHn-'’c (.Mel) 

'l-;?'’’" f-'fcO 
y.nr.r(S) 

/ O:--' 

I o.;~.v 


/Jn'® 00,000 
j~c'2p’000 

/ ■•2000 
I ••2000 
1:2000 
1:10 
1 ••2000 
4:2000 
4 :2000 
4~40, 000,000 

}~jn’^0,000 
i'ln’P'^’OOO 

I /n '£?°'000 

i~jn'^0,000 
4 40,000.000 
/"/o.ooo.ooo 

iZjn-^’OOO 
1 in^^’OOO 
/~/ 0 , 000,000 
/~/ 0 , 000,000 
l~40.000,000 
j~40,000,000 

i^jn’^'OOO 
4 40,000 OOO 
-40.000.'^ 
}~444.000,000 

j~4o.o5o,ooo 

4~10,0rx)o^ 

l~44>,rKy),ooo 

l~b.0CO,riyj 

4-10X00 001 
4~40XKOXOJ 
-^.Croxoo 
]~40.0rxtxro 
4-lOxo-, rP. 

‘ 40 rrrjf,-,.. ■ 

I'jOxoo'rrr, j 

4~ OX'-orre I 

•~40xo:>r,r. 
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TABLE II — Continued 


Organism 


P-D Culture 
Bureau No. 

Source 

Inoculum 

04574 

Turkey 

1-10,000,000 

01179 

N. I. H. 

1-10,000,000 

02156 

N. I. H. 

1-10,000,000 

01180 

N. I. H. 

1-10,000,000 

01180 

Frequent transfer 

1-10,000,000 

01181 

N. I. H. 

1-10,000,000 

03869 

Rabbit typhoid 104 

1-10,000,000 

0301 

Rat 

1-10,000,000 

04221 

Heart blood of lamb 

1-10,000,000 

04425 

P. D, Stock 

1-10,000,000 

04469 

N. I. H. 

1-10,000,000 

04537 

N. I. H. 

1-10,000,000 

04599 

N. I. H. 

1-10,000,000 

04683 

N. T. C. C. 

1-10,000,000 

04788 

Stool culture 

1-10,000,000 

04815 

Typhoid carrier 

1-10,000,000 

02481 

Frequent transfer 

1-10,000,000 



Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 

* 

Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 

— 

Typhoid carrier 

1-10,000,000 


Typhoid carrier (M.C.)* 

1-10,000,000 

— 

Typhoid carrier (M.C.H 

1-10,000,000 

— 

Typhoid carrier (J.T,)t 

1-10,000,000 

01346 

P. D. Stock 

1-5,000,000 

04813 

F. D. A. 

i-5;ooo;ooo 

04813 

Frequent transfer 

1-10,000,000 

071 

P. D. Stock 

1-5,000,000 

04547 

A. T. C. C. 

1-10,000,000 

04642 

A. T. C. C. 

1-10,000,000 

04702 

P. D. Stock 

1-10,000,000 

01339 

P. D. Stock 

1-10,000,000 

01675 

N. I. H, 

1-10,000,000 

04021 

A. T. C. C. 

1-10,000,000 

04022 

A. T. C. C. 

1-10,000,000 

03444 

A. T. C. C. 

1-10,000,000 

01654 

P. D. Stock 

1-10,000,000 

0822 

P. D. Stock 

1-10,000,000 

02904 

A. T. C. C. 

1-10,000,000 

03880 

P. D. Stock 

1-10,000,000 

01650 

P. D. Stock 

i-io,oooiooo 

01652 

P. D. Stock 

i-io,ooo;ooo 

01341 

P. D. Stock 

1-10,000,000 

02170 

P. D. Stock 

1-10,000,000 

02171 

P. D. Stock 

1-10,000,000 

04628 

P. D. Stock 

i-ioioooio66 

04628 

Frequent transfer 

i-io',ooo;oo6 

04774 

Abscess 

1-5,000,000 

04714 

P. D. Stock 

1-5,000,000 

04701 

Group A 

1-5,000,000 

04472 

Frequent transfer 

1-5,000,000 

04464 

Frequent transfer 

1-5,000,000 

03454 

Pasteurized milk 

1-5^000 000 

04622 

P. D. Stock 

1-10,000,000 

04150 

Extracted tooth 

1-5,000, doo 

04643 

X. I. H. 

1:2000 ■ 


Inhibiting 

cone. 


Salmonella gallinarum 
Salmonella paratyphi 
Salmonella paratyphi 
Salmonella schollmuelteri 
Salmonella schottmuelleri 
Salmonella schottmuelleri 
Salmonella typhimurium 
Salmonella typhimurium 
Salmonella typhimurium 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Salmonella typhosa 
Sarcina auranliaca 
Sarcina luiea 
Sarcina luiea 
Serralia marcescens 
Serratia marcescens 
Serratia marcescens 
Serratia marcescens 
Shigella dysenteriae 
Shigella dysenteriae 
Shigella tnadampensis 
Shigella madampensis 
Shigella paradysenteriae 

{Bacillus dysenteriae Flexner I) 
{Bacillus dysenteriae Flexner II) 
{Bacillus dysenteriae Flexner II) 
{Bacillus dysenteriae Flexner III) 
{Bacillus dysenteriae Flexner VI) 
{Bacillus dysenteriae Flexner VII) 
{Bacillus dysenteriae Flexner VIII) 
{Bacillus dysenteriae var.) 

Shigella sonnet 
Shigella sonnei 
Shigella sonnet 
Shigella sonnei 
Streptococcus kemolyiicus 
Streptococcus kemolyiicus 
Streptococcus kemolyiicus 
Streptococcus kemolyiicus 
Streptococcus ir.frequens 
Streptococcus lactis 
St r e ptococcu s r.on-ke molylicus 
Streptococcu : non-hem olyticus 

Vt'ori:^ comma 


Itg./ntl. 

2.5 

0.75 

0.75 

2.5 

2.5, 

0.5 

2.5 

2.5 

5. 

2.5 

2.5 

1 

2.5 

1 

1 

1 

0.75 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

5 

2.5 
2.5 
2.5 
2.5 
2.5 
1.0 
2.5 . 
1 

10 

0.5 

5 

2.5 

2.5 

5 

0.75 

0.75 

2.5 

2.5 

1 

0.5 

0.5 

1 

0.75 

0.5 

0.5 

2.5 

2.5 

2.5 

5 

2.5 

2.5 

0.75 

1.0 

1.0 

2.5 

0.75 

0.75 

0,25 

1.0 




t After treatment 
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processed in the manner described for preparing the 
suspension of spores and mycelial fragments. 

All of the fungi were tested first in a series of dilutions 
ranging from SO to 1000 Mg/ml of the drug. The actino- 
mycetes, Actinomyces boms and Nocardia asteroides, were 
retested at lower concentrations and four species. Tricho- 
phyton interdigitale, T. vientagrophytes, T, ruhrtm and 
Microsportm cants, at higher concentrations (up to 2500 
/ig/ml.) of chloramphenicol. In order to keep the drug 
in solution at the higher concentrations 1.8 ml. of the 
drug-broth mixture and 0.2 ml. of inoculum were used in 
each tube instead of 1 ml. of each as in the lower concen- 
tration series. 


Spirochetes and Protozoa 

The authors are indebted to Dr. Paul E. Thompson 
(24) and Dr. O. M. Gruhzit (25) of the Parke, Davis 
Research Laboratories for the data included in this section. 

In Vitro Tests; Endamoebo histolytica (University of 
Chicago strain, with mixed bacterial flora) was tested in 
two media, Egg-Locke diphasic and Balamuth (essen- 
tially protein free). Various concentrations of chloram- 
phenicol were incorporated in these media and amebicidal 
activity determined by microscopic examination for mo- 
tility after 24 hours at 37° C. 

Borrelia novyi and recurrentis and Trichomonas foetus 


TABLE «I 


Fungi 


Fungus 

Bureau 

No. 

Source 

Inoculum 


Inhibition 

Actinomyces boms 

04 

P. D. Stock 

Type 

Mycel. Susp.* 

No./ml. 

lit. /ml. 

5 

Allernaria sp. 

04738 

P. D. Stock 

Spores 


>1000 

AUescheria boydii 

04619 

N. I. H. 

Spores 


>1000 

Aspergillus clavatus 

04445 

Dr. Waksman 

Spores 

BwiSjfSiSiil 

>1000 

Aspergillus Jlavus 

04456 

Dr. Thom 

Sftores 

500,000 

>1000 

Aspergillus fumigaius 

04612 

N. 1. H. 

Spores 

500,000 

>1000 

Aspergillus glaucus 

04821 

P. D, Stock 

Spores 

■■iUiAUI. (■ 

>1000 

Aspergillus nidulans 

04434 

P. D. Stock 

Spores 

BilUillUl !■ 

>1000 

Aspergillus niger 

01383 

P, D. Stodc 

Spores 

ISl 

>1000 

Blastomyces dermatilidis 




Mycelial phase 

Candida (Monilia) albicans 

04613 

N. I. H. 

Spores & Mycel. t 

500,000 

>1000 

04600 

Bronchus 

Spores 

500,000 

>1000 

Cryptococcus neoformans 


N. I. H. 


(Torula histolytica) 

04611 

Spores 

500,000 

>1000 

(Torula histolytica) 

04817 

Meningitis 

Spores 

500,000 

>1000 

Epidermophyton floccosutn 

04624 

Dr. Thompson 
Tinea cruris 

Spores & Mycel.f 

375,000 

>1000 

Helminthosporium sativum 

04677 

A. T. C. C. 

Spores 

250 

>1000 

Histoplasma capsulatum 


N. I. H. 



Mycelial phase 

04799 

Spores & Mycel.f 

— 

>1000 

Mycelial phase 

04800 

N. I. H. 

Spores & Mycel. 

— 

>1000 

Ilormodendrum si>. 

04637 

Ur. Downing 

Spores 

500,000 

>1000 

Microsporum auaouini 

04606 

N. I. H. 

Mycel. Susp. 5 

20,000 

>1000 

Microsporum cants 

04605 

N. I. H. 

Spores & Mycel.f 

100,000 

>2500 

Microsporum gypseum 

04604 

N. I. H. 

Spores 

125,000 

>1000 

Mucor racemosus 

01385 

P. D. Stock 

Spores 

500,000 

>1000 

Nocardia asteroides 

04618 

N. I. H. 

Myccl. Susp.* 



20 

Pcnicillium expansum 

01386 

P. D. Stock 

Sjjorcs 

500.000 

>1000 

Phialophora verrucosa 

04617 

N. I. H. 

Mycel. Susp.* 

— 

>1000 

Rhizopus nigricans 

04529 

A. T. C. C. 

Spores 

500,000 

>1000 

Rhodolorula sp. 

01527 

P. D. Stock 

Spores 

500,000 

>1000 

Socckaromyces carlshergensis 

04450 

t'lcischmann 

Spores 

500,000 

>1000 

Saccharomyces errevisiae 

01525 

P. D. Stock 

Spoita 

500,000 

>1000 

Saccharomyces cllipsoideas 

01524 

Mich. State Coll. 

Spores 

500.000 

>1000 

^orotriehum schenckii 

04614 

X. I. H. 

Spores 

500,000 

>1000 

Trichophyton acuminatum 

04607 

X. 1. H. 

Spores 

455,000 

>1000 

Trichophyton interdigitale 

04452 

.\. I. H. 

Spores 

500,000 

>2100 

Trichophyton mrntagrophytes 

04781 

X. I. H. 

Spores 

500.000 

>2509 

1 richophyton ruhrum, (T. purpurcum) 

04639 

X. I. H. 

S, Tores 

500,000 

>2100 

7 richophyton sabouraudi 

0463S 

X. r. H. 

Spores £: Mvcel.J 

>iCCO 

Trichophyton schocnlcini 

04603 

X. 1. H. 

Mvcel. Sj<t.* 

.. 

>io'.o 

Trichophyton suljurcurt 

04 60S 

X. I. H. 

Spores 

500.000 

>1050 

Trichophyton tonsurans 

04609 

X. 1. H. 

Spores 

TJO.CCO ' 


Trichophyton sno.’aceum 

04676 

A. T. C C 

.Mycel. Sujp.» 

~ ! 

>io:ri 


* of c.-nulrifuKl materi-il. The r.ambe.' of frar.'n'".t! co' jJ-t— 

t Both fp'irr? and mvcelial (rarments arc indalc-i in the count, 
j UrSu JU«pcn«!on o! tpores .md frurmmtj. 

{ .M>-ce'>ia! frocmenu countc-J. 
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were suspended in a suitable menstruum containing vary- 
ing concentrations of chloramphenicol, as indicated in 
Table IV, and observed for immobilization. Observa- 
tions were made after two hours in the case of the 
Borreliae and after seven hours exposure for trichomonas. 

In Vivo Tests: Plasmodium lophurae was tested in 
ducks (intraperitoneal treatment) and chicks (oral treat- 
ment) and the results compared with the activity of 
quinine. 

Rats and dogs were used to evaluate the activity of 
chloramphenicol against E, histolytica in vivo. Treat- 
ment was given orally and results expressed as number 
of animals cleared of infection or degree of suppression 
of infection. 

B. novyi was tested in groups of mice treated by either 
the intraperitoneal or oral route. Results are expressed 
as percentage suppression of spirochetemia. 

Rabbits infected with Treponema pallidum were treated 
with various concentrations of chloramphenicol twice 
daily for eight days. Rate of disappearance of trepo- 
nemes and degree of healing of lesions under treatment 
were noted. The animals were held to check for relapses 
in the dosages at which healing under treatment was 
noted. 


RESULTS 

Tables I to IV summarize the results obtained 
with the different micro-organisms that have been 
tested in the laboratory. Wherever possible the 
minimal inhibiting concentration of chloram- 
phenicol for the strain, under the conditions tested, 
is given. Otherwise, the maximum concentration 
tested or the dose administered, in the case of in 
vivo tests, is entered. The identifying numbers 
given for the bacteria and fungi are those assigned 
by the Parke, Davis and Company culture bureau, 
where a complete history of the strain is avail- 
able. Strains without assigned numbers are for the 
most part recent isolates from clinical cases prior 
to or during treatment with chloramphenicol. 

The Emergence of Microbial Resistance 

With the finding of considerable variation in 
susceptibility to chloramphenicol of different cul- 
tural lines of certain bacterial species, it became 


TABLE IV 

Spirochetes and protozoa 


In vilro tests 


Organism 

Medium or menstruum 

Time 

Cone. 

Result 

Endamoeba histolytica * 
Endamoeba histolytica * 

Borrelia novyi * 

Borrelia reairrentis * 
Trichomonas foetus t 
Pelomyxa carolinensis j 
Tetrahymena geleii j 

L, E. L. 

Balamuth 

50% horse serum 

2.5% rat serum 

0.7% sodium chloride 

Pace & Kimura buffer 

2% proteose peptone 

, 24 hours 

24 hours 

2 hours 

2 hours 

7 hours 

48 hours 

48 hours 

Ug./ml. 

1000 

250 

10 to 50 

2.5 

2000 

2500 

2500 

Negative 

Significant 

Immobilization 

Immobilization 

Negative 

Negative 

Negative 


In viw tests 


Organism 

Host 

Treatment 

Result 

Dose 

Schedule 

Route 

Plasmodium lophurae * 
Plasmodium hpkurae * 
Endamoeba histolytica * 
Er.dam.oeba histolytica * 
Bc'relia novyi * 

Borrelia novyi * 

Trefcnema pallidum § 
Trepcnem.z p-zllidum. § 

Ducks 

Chicks 

Rats 

Dogs 

Mice 

Mice 

Rabbits 

Rabbits 

mtJkz./day 
200 
i 537 

583-868 
200 

14.9 

7.6 

25 

50-100 

days 

b.d.X5 

5 

7 

b.d.XlO 

5 

X3(4, 22, 28 hrs.) 
b.d.XS 
b.d.XS 

I.P. 

Diet 

Diet 

Oral 

Diet 

I.P. 

I.M. 

I.M. 

Q||-<0.05 

Q =<0.1 

9/14 cleared 

Suppression 

50% Suppression 

50% Suppression 
Negative 

Spirochetes and lesions 
cleared 4-5 days, re- 
lapsed 


* Th^mr'^on f*. 
t Keutr.er, T. F. 
: D. y... ;v 

5 Grtihilt. O. -M 
i' Q-jinlr- e-iui'"- 


E.. fvc-fe.-jrch Laboratones of Parke, Davis & Company, personal communication and (12). 
. Research Laboratories of Parke. Davis & Compviny and (12). 
nd Ru-'-el!. D., quoted (12), 

.. ptry-onal communication. Research Laboratories of Parke, Davis & Company. 
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TABLE V 


Induced restslance to chloramphenicol in haderia 


Organism 

P-D 

Culture 

Bureau No. 

Transfers on 
chloramphenicol 
containing 
medium 

Inhibiting cone, chloramphenicol 
(ig./ml. 

Original 

Final 

Salmonella typhosa 

dtnical case 

12 

10 

250 

Aerobacter aerogenes 

0126 

12 

5 

50 

Escherichia coU 

01495 

12 

10 

500 

Proteus (sp.) 

04736 

8 

500 

>4000 

Pseudomonas aeruginosa 

01925 

8 

1250 

>4000 

Klebsiella pneumoniae 

04544 

12 

S 

IS 

Alcaligenes melalcaligenes 

clinical case 

7 

1250 

2250 


of interest to determine whether increased re- 
sistance to chloramphenicol could be induced by 
laboratory manipulation. Our early observations 
indicate that certain species of micro-organisms 
will develop resistance to chloramphenicol when 
sub-inoculated on media containing increasing con- 
centrations of the drug. The bacterial species 
tested include Salmonella typhosa, Aerobacler 
aerogenes, Escherichia call, Proteus sp.. Pseudo- 
monas aeruginosa, Klebsiella pneumoniae, and 
Alcaligenes meialcaligenes. 

The test was carried out by sub-inoculating 0,1 
ml. of the various cultures into Brain-Heart In- 
fusion Broth (Difco) with 10 per cent horse 
serum added and containing various concentra- 
tions of chloramphenicol. The cultures were in- 
cubated for 72-96 hours. From the tube con- 
taining the highest concentration of chlorampheni- 
col, in which good growth was obtained, 0.1 ml. 
was sub-inoculated into 2.0 ml. of medium contain- 
ing the same and higher concentrations of the 
drug. In Table V the preliminaiy results of this 
study are indicated. It can be seen that the suscep- 
tibility of these organisms has decreased from 
approximately 2 to SO fold in the course of these 
passages. 

The results of tests designed to detect a similar 
phenomenon for Rickettsia pro'Mcckii have so 
far been negative. One scries has been carried 
through 13 passages, and a second through six 
pass.agcs in chick embryos treated with partially 
inhibiting doses of chloramphenicol. Comparative 
tests of the p.iss.agc(l and stexk strains Invc indi- 
c.ated no change in susceptibility to lire dn:g under 
these conditions. 


SUMMARY AND CONCLUSIONS 

Sixty-four genera of micro-organisms including 
290 species and strains have been tested for their 
susceptibility to chloramphenicol. The results are 
recorded in Tables I to IV. 

From Table I it appears that all of the Rickett- 
siae tested are susceptible to chloramphenicol. 
Coxiella burnetii (Q Fever) may be more resistant 
than the others as larger doses are required to pro- 
duce corresponding delay in mean death time of 
treated embryos. Possibly the whole lympho- 
granuloma venereum-psittacosis group of virus 
(Miyagazvanella) will prove to be as susceptible 
as the type species. There are indications that 
influenza virus in mice and the virus of Newcastle 
disease of chickens respond somewhat to compara- 
tively massive doses of the drug. It is possible, 
however, that the therapeutic cftcct seen can he 
explained by the action of the drug upon secondary 
bacterial invaders. While this hypothesis is appar- 
ently borne out by the negative results with chlo- 
ramphenicol on these viruses in embryonated eggs, 
further work and possiblj- controlled clinical trials 
are indicated. 

Tests against tire virus of poliomyelitis h.avc 
proved negative. Dr. J. L. Mclnick states .as fol- 
lows: "I have gone over the records of ih.e work 
done with Dr. Fiiibcrto Ramirez Corri.a on the use 
of this material on two str-ains (J-ao'i.eg .and 
Y-Sk) of poliomyelitis virus .and on TiwilcrV in- 
testinal virus of mice. Wl’.cn t!;c vinircs were 
titrated using saturated aqueont solutirnr o; O;!o- 
romycctin as diluent, there was .no eff'-ct ■ th- 
titer even whc:'. th.c vinnes v.crc ino'ru'.ated ir:!'/ 
mice rcceiv:r..g d.aily :r.^«rt:lr,ti'.r.' cf t;.e (I cr 
of saturated sa'u’.icn ir.'.rarerit^T.ea'.iv). Fun:.'-:, 
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more, daily oral administration of Chloromycetin 
did not appear to have any effect on the intestinal 
carrier state~of mice spontaneously harboring 
Theiler’s virus of mouse encephalomyelitis” (22). 

From Table II, which gives the results from 
tests of over 200 bacterial strains representing 25 
genera, it can be concluded that considerable vari- 
ation in susceptibility is encountered between 
genera as well as between species and even strains 
within the species. Under the conditions tested 
susceptibility to concentrations of 10 ;ug/ml. or 
less, indicating possible clinical application, was 
observed for 21 of the genera. These include 
Aerohacter (2/2)* Bacillus (6/6), Brucella 
(7/7), Corynehacterium (3/3), Diplococcus 
(3/3), Escherichia (11/11), Hemophilus (7/7), 
Klebsiella (11/12), Micrococcus (19/19), Neis- 
seria (4/4), Pasteurella (8/8), Proteus (8/10), 
Pseudomonas (1/19), Salmonella (37/37), Sar- 
chia (3/3), Shigella (16/16), Streptococcus 
(8/8) and Vibrio (1/1). Pseudomonas, though 
fairly resistant, is included since it seems to be 
susceptible to chloramphenicol in concentrations 
obtainable in the urine. The results given for 
Alcaligcncs leave the status of this genus somewhat 
in doubt. A stock strain of A. jaecalis was found 
to be susceptible but three different isolates from 
the same clinical case of A. mctalcaligencs infection 
were found to be highly resistant. A somewhat 
similar situation is observed for Proteus vulgaris 
where two of ten strains tested required a some- 
what higher concentration (25 /xg/ml.) for com- 
plete inhibition. An interesting finding was en- 
countered with the Clostridia. While this group 
in general was of very low susceptibility, one 
strain, the Mueller variant of Cl. tetani, was very 
susceptible. This variant does not produce spores 
in culture, which raises the speculation that pos- 
sibly the apparent resistance of this group is a 
reflection of the resistance of the spores rather 
than of the vegetative forms. 

While not within the scope of this paper, in vivo 
Laboratory trials with certain of the bacterial agents 
have been conducted. Gould ct al. (26) report 
c.ncouraglng results with the cholera vibrio in mice 
and Guiluit (25) has found activity in mice 

* Ir-i.'cat'j stijccptible 5traia5/ni:rr.bcr of strains 

tr «*.*>.*, 


against certain of the Gram-positive cocci and the 
salmonella group. Sarber (27) has treated mice 
infected with Hemophilus pertussis and found 
chloramphenicol to be an effective chemothera- 
peutic agent. Clinical trials are in progress 
against many of these pathogens. To date clinical 
confirmation has been obtained in typhoid fever 
(19), brucellosis (20), and certain urinary infec- 
tions caused by Gram-negative species (21). 

Of the forty species or strains of fungi tested for 
susceptibility to chloramphenicol. Table III, only 
two were completely inhibited by the drug at the 
concentrations used in the test. These two spe- 
cies, Actinomyces bovis and Nocardia asteroides, 
both of which belong to the actinomycetes, were 
inhibited by 5 fig/ml. and 20 fig/ml. of the drug, 
respectively. Since blood levels of this magnitude 
are easily attained, trial on clinical infections with 
these agents is indicated. 

Growth of four species of ringworm fungi. 
Trichophyton mentagrophytes, T. interdigitale, T. 
riibrum and Microsporum canis, was retarded by 
1000 /xg/rnl. of the drug but complete inhibition 
could not be obtained even when the drug concen- 
tration was increased to 2500 ;ng/ml. 

With the possible exception of the spirochete 
of relapsing fever (Borrelia recurrentis) , the re- 
sults with the spirochetes and protozoa tested were 
not promising. Doses of 12.5 mg/Kg. twice daily 
for eight days were ineffective on syphilitic lesions 
in rabbits. Although similar treatment with 25 or 
50 mg/Kg. cleared the lesions, relapses occurred 
when treatment was stopped. 

Attempts to induce increased resistance to chlo- 
ramphenicol by passage in the presence of the 
drug have been successful in the case of seven 
bacterial species, but not for R. prowasekii in the 
embryonated egg. It remains to be seen whether, 
under practical conditions in the clinic, this finding 
will be of importance. 
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PRELIMINARY REPORT ON THE USE OF CHLORAMPHENICOL 
(CHLOROMYCETIN) IN THE TREATMENT OF ACUTE 
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Immunisation of the Army Epidemiological Board, Washington, D. C., and the 
Bisiiliite for Medical Research, Kuala Lumpur, Malaya) 


The great advances which have been made in 
recent years in the treatment of gonorrheal in- 
fections would appear to have provided the medi- 
cal profession with adequate therapeutic agents for 
this disease. The numerous advantages of penicil- 
lin treatment have resulted in its replacing the 
sulfonamide drugs, except in selected cases (1). 
Even the disadvantages of parenteral injections of 
penicillin have been avoided by a number of work- 
ers who have administered the antibiotic by mouth 
(1). Indeed, Campbell, Dougherty and Curtis 
reported on the oral use of penicillin in the prophy- 
laxis of gonorrhea at an earlier session of this 
Symposium (2). Despite the fact that penicillin 
has many attributes of an ideal drug for the treat- 
ment of gonorrhea, it has one distinct drawback, 
i.c., its suppressive effect on a coexisting syphilitic 
infection. This problem of the possible masking 
of syphilis by treating acute gonorrhea patients 
with amounts of penicillin which are adequate for 
the bacterial infection but inadequate for the 
spirochetal infection is of tremendous importance 
(1, 3). Therefore, the search must continue for 
a drug with the activity of penicillin against the 
gonococcus but without its marked anti- spirochetal 
action. This report is a progress note which pre- 
sents certain preliminary data suggesting that 
chloramphenicol, or Chloromycetin,^ approaches 
penicillin in its efficacy in the treatment of acute 
gonorrheal urethritis in the male and that this new 
drug is distinctly less spirocheticidal than peni- 
cillin. 

' Presented at the Second National Symposium on 
Recent Ad\-anccs in Antibiotics Research held in Wash- 
inRtcn, D. C.. .April 11-12, 1949, under the auspices of the 
Antibi-itics Study Section, National Institutes of Health, 
Public Health Scn.-ice. Federal Security Agency. 

r Trade noTue of P.-irke, Davis and Company. The 
Cl'.lorctr.ycetln i;'<d in th.e present work was supplied by 
Parke. I)avi< and Company. Lots of drug produced by 
the !erm.er.t.’.t: r. an ! by the synthetic process were made 


Dwring the past three months in Malaya we have used 
Chloromycetin in treating 45 men with gonorrhea. 
Thirty-four of these received the synthetic type of drug 
and 11 the fermentation type. Data on 32 patients in 
this series are summarized in Table I, Each person had 
a purulent urethral discharge when admitted to the study. 
This had been present for three days or less in the ma- 
jority of instances, but three individuals in the group 
had suffered for 21, 28, and 60 days, respectively. The 
mean duration of disease when therapy was begun was 
from four to 12 days in the four subgroups listed in 
Table I. Smears of the exudate taken from each patient 

TABLE I 

Chloromycetin in the treatment of 32 males with 
acute gonorrheal urethritis 


Chloromycetin dosage 



^ Synthetic j 

1 Fermentation 

Number of cases 

3.0-3.5 

grams 

11 

l.O-l.S 

grams 

10 

3.0-3.5 

grams 

6 

l.O-l.S 

grams 

5 

Day of illness treatment 
begun 

Mean 

12 

4 

8 

4 

Range 

1-60 

1-10 

1-21 

1-10 

Urethral discharge 

Hours duration post- 
treatment 

Mean 

43 

i 

43 

S3 

42 

Range 

5-72 i 

1 

24-72 j 

I 

7-96 

18-60 


on admission contained numerous Gram-negative intra- 
cellular diplococci. Furthermore, cultures, made on Har- 
rison’s agar, yielded N. gonococci from all but one of the 
cases; the single exception suffered a relapse on the 
eighth day and is included because of this. 

Each of the patients was treated with a single oral 
dose of one or the other type of Chloromycetin and per- 
mitted to continue his normal occupational duty. Slightly 
more than half the patients listed in the table received a 
total of 3.0 or 3.5 grams and the remainder were given 
1.0 or 1.5 grams. It is apparent from the tabular data 
that similar results were obtained as regards disappear- 
ance of urethral discharge in the four subgroups, i.c., 
patients who received the smaller or larger dose of either 
the synthetic or fermentation type of drug. Later on 
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additional comments will be made on other patients not 
mentioned in the table who were treated with the smaller 
doses of drug. 

Within 24 hours after the therapeutic dose had 
been given the urethral discharge had disappeared 
in 13 of the 32 patients. Furthermore, in another 
17 of the group the discharge was reduced to a 
drop or so of thin watery material which was ob- 
tained by stripping. Two of the 32 persons still 
yielded a drop of purulent exudate at this time. 
Stained smears of the 19 exudates revealed that 
only one had Gram-negative intracellular diplo- 
cocci; the culture of this material failed to yield 
N. gonococci. However, a few colonies of N. 
gonococci were grown from a thin milky exudate of 
another patient who was cultured 24 hours after 
being given 3.0 grams of drug. Furthermore, the 
material from three other patients taken at this 
time yielded colonies resembling N. gonococci. 

On the third to fifth days after treatment was 
given, 30 of the 32 patients were subjected to pro- 
static massage. Materials for smear and culture 
were obtained from 18 of these. In no instance 
were Gram-negative intracellular diplococci found 
microscopically: indeed, even leukocytes were re- 
corded as being absent from the smears of 12 of 
the specimens. Seventeen of the 18 cultures of 
prostatic secretion taken during this period con- 
tained no N. gonococci but from one secretion a 
few colonies were grown which resembled gono- 
cocci morphologically. Three subsequent mas- 
sages of Patient 4, who had supplied this ques- 
tionable material, were non-productive and he 
has now remained well for eight weeks. 

A total of four relapses have been noted to date 
among the 32 patients who have been tabulated. 
One occurred 28 days after treatment witli 3.0 
grams of S3-nthetic drug, which was 26 days after 
complete disappearance of all signs of disease. 
This individual had been rc-exposed recently and 
he may represent a reinfection. Two patients re- 
lapsed on the 19th and eighth days, respectively, 
after treatment with 3.0 grams of synthetic drug; 
discharges of both had initially cleared within 48 
hours and recurred following inebriation. The 
fourth case was apjvircntly cured within 36 hours 
after receiving 1.0 gram of fennentation drug but 
relapsed on the 14:h day. Each of tb.e.'c four pa- 
tients was again treated with a single dose of 3.0 
grams of Oiloronwcctin and resjxrr.dcd well. 


Three additional patients not included in the 
table are worthy of mention. Each received a 
single dose of 1.0 or 1.5 grams of Chloromycetin 
but was subsequently given an additional 3.0- 
gram dose one to four days later. This additional 
medication appeared indicated because of the per- 
sistence of some discharge, or the presence of 
Gram-negative intracellular diplococci. However, 
none of the cultures taken at the time the supple- 
mentary drug was administered were later found 
to contain gonococci. Each of the three patients 
recovered promptly after being given the addi- 
tional drug. Thus, it appears that the administra- 
tion of 1.0 gram or 1.5 grams of drug in a single 
dose may provide inadequate therapy in a propor- 
tion of cases. 

Smith and his coworkers (4) found that rab- 
bits which had been infected with the Nichols 
strain of Treponema pallidum and then treated 
with Chloromycetin for eight days at the rate of 
25 mg. per kilo per day showed no change in their 
lesions nor did the spirochetes disappear. They 
also noted that daily doses of 50 and 100 mg. per 
kilo cleared the lesions of spirochetes but that the 
effect was temporary. 

Our experience with Chloromycetin in two pa- 
tients with primary chancres suggests that the re- 
sults in man may be similar to those just mentioned 
in rabbits. Dark field examination of fluid from 
the lesion of one man showed an average of three 
motile spirochetes per field. The patient received 

4.0 grams of Chloromj’cetin in a single dose (45 
mg. per kilo of body weight) and repeated exami- 
nations over the next 18 hours revealed the same 
number of active treponema. He was then given 

3.0 grams of drug at one time followed by five 
doses of 0.5 gram each at three-hour intervals, 
thus totaling 5.5 grams (62 mg. per kilo) over 
this 18-hour period. At the end of this time tv.o 
spirochetes of reduced motility were found in th.c 
three preparations c-xamined and eight h.our.s Inter 
onl}' one non-motilc organism was jcm in t^vo 
samples. During the succeeding week th.e civancre 
healed slowh* and spirochetes were not rib^e.-’.cd. 
The second patient wa.s given initial e; 
70 mg. per kilo of both.- v.eigh.t and an additi'.n:.! 
58 m-g. j>cr kilo over th.c nc-xt ! 5 hvur- . entecn 
hours a.fter tre.-tmen; was ftr.rted rn'tile t; ire- 
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no evidence of healing of the chancre during the 
succeeding three days. 

CONCLUSIONS 

The present information, although preliminary, 
indicates that Chloromycetin is of some value in 
the treatment of acute gonorrheal urethritis in 
the male. Single oral doses have been employed 
almost exclusively in these studies ; the efficacy of 
the same total amounts of drug given in divided 
doses over a period of one or two days should be 
investigated. 

Chloromycetin is appreciably less effective than 
penicillin against Treponema pallidum. Since an 
agent capable of controlling gonorrhea without 
masking syphilitic infection is to be desired, fur- 
ther studies of the use of Chloromycetin in the 
treatment of venereal disease are indicated. 

ADDENDUM 

Since the above was submitted additional cases 
have been added to this series and supplementary 
data obtained on the original patients. One lot of 
chloramphenicol, presumed to be fermentation 
type, later proved to be synthetic ; this necessitated 
minor changes in the tabulation of the data. A 
total of 48 patients with acute gonorrheal urethritis 
have been treated with chloramphenicol. Of these, 
42 were given synthetic drug in a single oral dose. 
Twenty-four were given 3.0 to 3.5 grams and 18 
were given 1.0 to 1.5 grams. The remaining six 
received 3.0 to 3.5 grams of fermentation drug. 
The mean duration of disease in these three sub- 
groups prior to treatment was 8, 4, and 11 days, 
respectively. The clinical response was essentially 
the same in each sub-group ; therefore, neither the 
type of drug nor the dosage employed appeared to 
affect the results. Dysuria disappeared within 36 
hours (average for the 48 patients) and discharge 
(as determined by the absence of exudate on strip- 
ping) within 49 hours. Smears of the discharge 
with few exceptions were free of gonococci by the 
next day and leukocytes generally were absent 
from the dis'charge in those instances where this 
sign persisted longer than 48 hours. Ten patients 
or 20 prr cent of this entire series had relapses 
during t!;e rr'.ontli follov.'ing treatment. There was 
n:.’' apparcf.t difference in the number of recur- 


rences in the three sub-groups. All relapses were 
treated with a single oral 3.0 gram dose of chlor- 
amphenicol and responded satisfactorily. 

The primary lesion of the first patient with a 
syphilitic chancre mentioned in the text, who re- 
ceived 9.5 grams of chloramphenicol over a two- 
day period, healed completely by the tenth day 
after beginning treatment. During the fourth week 
a chancre containing spirochetes reappeared at the 
site of the original lesion. The patient was then 
retreated, receiving three single 1.0 gram oral doses 
of synthetic drug at daily intervals. Spirochetes 
disappeared from the recurrent chancre the day 
following the third dose of drug and the lesion 
was completely healed nine days later. On the 
44th day after the first appearance of the chancre 
and the 36th day after initial treatment, a Kahn 
test gave a plus-minus reaction ; it had been con- 
sistently negative previously. The three chancres 
of the second patient, who received 5.5 grams dur- 
ing IS hours, healed by the 12th day but 30 days 
later a fresh chancre reappeared at one of the orig- 
inal sites. The Kahn reaction of the second pa- 
tient remained negative throughout the 35 days of 
observation following the original appearance of 
the lesions. 

Nine patients with acute gonorrheal uretliritis 
were treated with single oral doses of 3.0 to 4.25 
grams of aureomycin. In this small series the clin- 
ical effect was essentially similar to that obtained 
with chloramphenicol and the results were some- 
what better than those obtained by Collins et al. 
(5). This may be due to our use of larger 
amounts of drug. The mean duration of disease 
before treatment in this series was 15 days. Dys- 
uria and discharge disappeared on the average in 
29 and 82 hours, respectively. In all cases smears 
were negative for gonococci by the day after treat- 
ment. These patients were followed for an aver- 
age of 28 days during which time there were no 
relapses. 
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Newer antibiotic agents have greatly extended 
the range of specific therapy in the group of infec- 
tious diseases with increasing rapidity. Much of 
this efifort is directed against gram-negative bacilli 
in which group the Brucellae command a promi- 
nent position. Up to the present time the use of 
therapeutic agents in brucellosis has resulted in a 
certain measure of success, but with limitations, 
particularly from the point of view of failure to 
prevent recurrences. 

One of these new antibiotics is chloramphenicol 
(Chloromycetin) a streptomyces, first isolated by 
Burkholder,^ crystallized by Ehrlich and his asso- 
ciates (1) and demonstrated to possess potent anti- 
microbial effect against many gram-negative or- 
ganisms including all members of the Brucella 
group (2). The pharmacological and toxicologi- 
cal characteristics of this new agent are now a 
matter of record (2) and the chemical structure of 
the antibiotic agent is known (3). In experi- 
mental and clinical infections the synthetic form 
of Chloromycetin has been found comparable to 
the naturally produced product in degree of ef- 
fectiveness (4). 

Chloromycetin is well absorbed from the gastro- 
intestinal tract. Senim levels of the drug after 
oral administration have been found comparable 
to those obtained by parenteral administration. 

1 Presented at the Second National Sj-mposium on 
Recent Advances in Antibiotics Research held in Wash- 
ington, D. C., .\pril 11-12, 1949, under the auspices of the 
Antibiotics Study Section, National Institutes of Health, 
Public Health Scr%-icc, Federal Security Agency. 
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There are no reports up to the present time of 
toxic manifestations resulting from the oral admin- 
istration of Chloromycetin, The prolonged intra- 
muscular administration in dogs resulted in a 
moderately severe anemia without significant 
changes in the white blood cells and without dis- 
turbance in hepatic or renal functions (2). 

The initial studies of the antibiotic spectrum of 
Chloromycetin in vitro and in vivo in animals indi- 
cates a wide range of usefulness, particularly in 
rickettsial and gram-negative infections (2, 5). 
Among the gram-negative organisms showing a 
considerable degree of sensitivity to this antibiotic 
are Brucella abortus, Brucella melitensis and Bru- 
cella suis. It is interesting to point out that up to 
the present time Chloromycetin has not failed to 
exert great beneficial effect in those clinical dis- 
eases whose organism has been found sensitive to 
the agent when tested in the laboratory. 

In Maryland the opportunity to treat brucellosis 
afforded itself because of a rather prevalent inci- 
dence of the B. abortus and B. suis types of infec- 
tion. We have observed nine patients with active 
infection during the period from July, 1948, to 
February, 1949. Six of these patients were ex- 
periencing an initial attack, whereas three patients 
showed a relapse of fever two, three and five 
months after the primary illness treated with a 
combined course of streptomycin and sulfadiazine. 
The present study deals with the results obtained 
following Chloromycetin administration in these 
nine patients. Observations on non-treated cases 
(controls) were not made because of the insuffi- 
cient number of available patients. 

METHODS AND PROCEDURE 

Chloromycetin was administered orally, the antibiotic 
having been furnished by Parke, Davis and Company in 
the form of 025 gm. tablets and capsules. The tablets 
were swallowed whole and in spite of the bitter taste no 
difficulty was c.xperienced with oral administration. Chlo- 
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rotnycetin now supplied in gelatin capsules is taken orally 
without unpleasantness. 

The dosage regimen adopted for this study was empjn- 
cal and based, in general, on prior experience in scrub 
typhus and typhoid fever (6, 7). The large initial dose 
in each instance was approximately SO mg. per kilo. 
After the initial dose, Chloromycetin was given at three 
hour intervals in 0.25 gm. amounts until the temperature 
was normal and for a minimum of five days thereafter. 

Blood levels for Chloromycetin were detemined 
throughout the period of -treatment A modification of 
the method of Joslyn and Galbraith (8) which employs 
inhibition of growth of Shigella sonnet was used for these 
micro-biological assays. The sensitivity of the brucella 
was determined by inoculating a standard quantity of the 
bacterial suspension into serial dilutions of Chloromycetin 
in tryptocase broth. After approximately three days’ in- 
cubation, the sensitivity was determined turbidimetrically 
by the SO per cent end-point technique as applied to fluid 
culture. 

Confirmation of the clinical diagnosis of brucellosis 
was sought in each instance through the following proce- 
dures : (1) Blood was taken from the patient for culture 
before instituting treatment. Venous blood was inocu- 
lated directly into tryptocase broth which was then incu- 
bated at a temperature of 37° C. in an atmosphere of 10 
per cent carbon dioxide. Subcultures were made on 
tryptocase agar utilizing the same conditions. Blood cul- 
tures were repeated on each patient at least three times 
during the period of hospitalization and one month fol- 
lowing discharge from the hospital when the first follow- 
up studies were performed, (2) Agglutination tests, 
utilizing B. abortus as antigen, were performed by the 
usual clinical laboratory techniques. 

Hemoglobin levels, red and white blood cell counts 
and difierential leukocyte counts were performed in the 
usual manner. 

RESULTS 

a. Confirmation of diagnosis: In seven of the 
nine patients constituting this series of treated pa- 


tients, four showed a positive blood culture for 
B. abortus, rivo for B. suis and one for B. mcHtcn- 
sis prior to the administration of Chloromycetin. 
All of the post-treatment blood cultures remained 
sterile. In all nine patients a signiEcantly high 
rising titer for brucella agglutinins was demon- 
strated (Table I). 

b. Blood levels of Chloromycetin and sensitivity 
tests: The levels of Chloromycetin in the blood 
were found to be comparable to those obtained and 
reported elsewhere (9). For 24 hours following 
the initial dose of the antibiotic, the level ranged 
in seven patients tested from 10 to 50 gamma per 
cc. During the ensuing therapeutic days when the 
patients were on a comparable dose of .25 gm, 
every three hours the average level was 15 gamma 
per cc. up to the time of cessation of therapy. The 
sensitivity of the infecting organisms tested on four 
patients ranged from .78 to 2,4 gamma per cc. 
(Table I). These concentrations compare favor- 
ably with the figures reported by Smith et al. (2) 
who had previously demonstrated inhibition of 
Brucellae to Chloromycetin in the following con- 
centrations; B. abortus, 2.0 gamma per cc.; B. 
suis and B. mclitensis, 0.5 gamma per cc. 

The course of undulant fever in patients treated 

with Chloromycetin 

The mean duration of fever prior to treatment 
in the nine treated patients was 30 days. Two of 
these patients were more seriously ill than the 
others. Within 36 hours after the start of specific 
treatment they were resting more comfortably, 
spent a more restful night for the first time since 
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the onset of illness and diaphoresis was greatly 
reduced. In the seven other patients there seemed 
to be immediate improvement of the body and 
joint pain and there was decidedly improved taste 
for food. 

. The mean in the nine patients for duration of 
fever after beginning Chloromycetin treatment was 
2.7 days. The temperature in all remained normal 
thereafter. Seven of the nine patients had en- 
larged spleens felt from one to three fingers below 
the costal margin. In five patients the spleen was 
observed to become non-palpable during the course 
of antibiotic treatment and in the remaining two 
the spleen disappeared to palpation several days 
after stopping the drug. The response to treat- 
ment in six patients is best demonstrated in fig- 
ures 1-6 which are accompanied by brief clinical 
records. 

Occurrence oj complications 

a. Relapses: There was one relapse, the recur- 
rence beginning 31 days following discontinuance 
of Chloromycetin. Although we were unsuccess- 
ful in re-isolating the B. abortus from the blood, 
it is of considerable importance that the re- 


administration of Chloromycetin resulted in a 
prompt clinical response. 

b. Complications: In the group constituting this 
series of nine treated patients there were no com- 
plications attributed to brucellosis observed after 
Chloromycetin treatment. The patient with the 
melitensis type infection developed an orchitis 
three months following sulfadiazine and strepto- 
mycin treatment. Two days after receiving Chlo- 
romycetin the patient noted a definite improvement 
not only in reduction in size of the testicle but a 
marked reduction in tenderness. 

Illustrative Case Reports 

Case No, 1. (Figure 1.) The patient was a 27-year- 
old Negro who contracted illness from drinking raw milk. 
He was hospitalized at Fort Meade on the 29th day of 
disease. His early complaints were primarily, those of 
fever, profuse sweating, headache, anorexia, general weak- 
ness, and malaise. After admission the evening tempera- 
ture reached 105° F. and ranged from 102 to 105° prior 
to the administration of specific therapy. His nights 
were restless because of the pyrexia, sweating and gen- 
eral aching. There were no signs of a localized infec- 
tion. On the 32nd day of illness culture of the blood was 
positive for B. abortus. The organism isolated was sensi- 
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live to Chloromycetin in the concentration of 2.4 gamma 
per cc. At this time the serum agglutination for B. 
abortus was 1/2560. The spleen was readily palpable 
and there were scattered rales throughout both lungs. 
Chloromycetin was given orally with an initial dose of 
3.0 gms. and a subsequent dosage of 25 gm. every three 
hours. The drug was well tolerated. On the first night 
of drug treatment the patient was more comfortable and 
diaphoresis was greatly reduced. On the following day 
the appetite was decidedly improved and the bedside ap- 
pearance was brighter. The evening temperature reached 
normal 48 hours after institution of treatment and re- 
mained normal thereafter. The spleen could not be felt 
after five days of therapy. A total of 1575 gms. of 
Chloromycetin was administered, the course extending 
until five days of normal temperature. Three blood cul- 
tures taken during the con\alcscent period were sterile. 
The patient was discharged 25 days after the institution 
of Chloromycetin and now remains free of symptoms. 

Case No. S. (Figure 2.) A 32-ycar-old white man 
first became ill in June, 19-18, with evening fever, an- 
orexia, general malaise, weakness and chilly sensations. 
For one year the patient had been employed in a slaughter 
house participating in the slaughtering of cattle, hogs and 
in the packing of meat For the initial attack lie received 
comhincsl streptom>-cin and suHadiarine. At this time 
the spleen was enlarged, firm and smooth to palpation and 
de<;cendcd two finger breadths below the costal margin. 
Tlie agglutinins for F. cbc'tus rose from 1/1283 to 
1/10740. Tlie temp-eraturc became n-armal after revert 
days of this com.hinod trcatm.ent but the sp'tert did net 


appreciably change in size. Two months later the pa- 
tient noticed a recurrence of symptoms, the evening tem- 
perature reached 104“ F. and the spleen was readily 
palpable. The serum agglutination titer was 1/1280 and 
the blood culture was positive for B. suis. Chloromyce- 
tin was administered with an initial dose of 50 mg. per 
kilo, beginning on the 10th day of relapse. The drug was 
then administered orally in 25 gm. amounts every three 
hours until five days of normal temperature. The eve- 
ning temperature reached normal 2.5 days following the 
institution of treatment, at which time the patient was 
asymptomatic. In six weeks the patient liad no com- 
plaints, tlie blood cultures were sterile and the spleen 
was not palpable. The patient is now eight months eon- 
valcsccnt and apparently well. 

Case No. 4. (Figure S.) A 28-ycar-o!d male con- 
tracted B. nn'r infection from h.andling m.cat in a city 
packing establishment. The primary attacl: began in 
June, 1948, at which tim.e the hloexi culture reveale-d B. 
suis. The spleen was palpable on this ad.mi'tion. Th.e 
evening temperature averagcel 101*, and th.e patient t',m- 
plained primarily of general m.usrular achi.ng aleng v.ith 
sweating and anorexia. After th.ree veekj of ter:;;-era- 
ture a com.bir.ed course of stre; trmjtin and sulfa -liar!.-, - 
was administere-l. T}:e !rm;>erature rreehe-1 nerm.sl in 
seven days, and the i stient v.as ren-ral'y irr: r-.-te-i. 
Brucellin was err; lose-' d-urir.g th- c- -miale'.rrrt i-eri 'l 
which was accc-rrpamrl ly tv-,;y 5 r-n an I fmer j xtn ift-r 
admm.istratim. j-erjitter.t da;lv f-s-r r^a*----are.l I-;; 
t':— n f.\o rr.orth.s after the- f-rst *r'i;-",t;r t-uri-. T'; - 
bltoi rertale-I F. r.*:.' an! th- t-rv— . ag^lutl-atr-.r t t-r 
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for B. abortus was 1/320. The afternoon temperature 
reached 101° and the spleen was palpable two fingers be- 
low the costal margin. A sensitivity test for the infecting 
organism revealed inhibition to - Chloromycetin at 1.2 
gamma per cc. Chloromycetin was given with an initial 
dose of 3 gms. and thence .25 gm. every three hours 
throughout five days of normal temperature. The total 
amount of drug used was 15.5 gms. The temperature 
reached normal 48 hours after beginning of treatment. 
Even before the fall of temperature the patient stated that 
he felt better. The spleen could not be palpated on the 
fourth day of normal temperature. Three blood cultures 
taken on the fourth, 12th and 35th afebrile days were 
sterile. The follow-up examination four weeks following 
discharge revealed an asymptomatic patient whose spleen 
was not palpable. Eight months have now elapsed with- 
out recurrence of symptoms. 

Case No. 5. (Figure 4.) A 29-year-oId white man 
contracted undulant fever from drinking raw milk. The 
acute illness was characterized by upper abdominal pain, 
nocturnal fever, anorexia and general malaise. Blood 
taken on the 22nd and 23rd days of illness revealed B. 
abortus found sensitive to Chloromycetin in the dilution 
of .78 gamma per cc. The serum agglutinating titer was 
1/640. Before institution of treatment the evening tem- 
perature ranged from 102 to 104.5° F., the patient appeared 
quite toxic and had little inclination to eat. Sweating 
was moderately severe. Three gms. of Chloromycetin 
were given orally on the 23rd febrile day. The subse- 
quent oral dose was .25 gm. every three hours. The 
temperature reached normal after three days of anti- 


biotic treatment, and the general appearance was im- 
proved in half this time. The appetite rapidly returned 
and diaphoresis was lessened. On the fifth afebrile day 
the serum agglutinating titer for B. abortus was 1/640. 
Blood cultures taken on the second, third, seventh, eighth 
and 40th post-treatment days were sterile. Six werits 
after discharge from the hospital examination revealed a 
healthful patient who had no complaints. At this time 
the spleen was not palpable and the blood was sterile. 
Of added interest a brucellergin skin test performed dur- 
ing the afebrile period was negative. The patient is 
healthy and well seven months after his course of therapy. 

Case No. 6. (Figure 5.) A 38-ycar-old white man 
acquired B. abortus infection from drinking unpasteurized 
milk in a rural area. The early illness was characterized 
by evening temperature, chilly sensations and severe 
sweating. There was upper abdominal pain with general 
malaise and bothersome joint pains. Anorexia was 
marked. On admission to the hospital on about the SOth 
day of illness a rather toxic individual was observed. 
The temperature reached 104° F. Examination revealed 
a few scattered rales in the lungs and an easily palpable 
spleen. The agglutination for B. abortus was 1/1280. 
Two blood cultures taken during his pretreatment study 
period were positive for B. abortus which was found 
sensitive to Chloromycetin in the dilution of 12 gamma 
per cc. Three gms, of Chloromycetin were administered 
on the 57th day of illness with subsequent doses of 25 
gm. every three hours until five days of normal tempera- 
ture. There was no fever after 4.5 days of treatment. 
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The appetite improved and sweating was lessened after 
two days of therapy. The spleen was not palpable on 
the sixth post-treatment day. The total amount of Chlo- 
romycetin used was 24.75 gms. Blood taken for culture 
on the second, fifth, sixth and 16th post-treatment days 
was sterile. The highest agglutinating titer for B. abor- 
tus was 1/1280. Follow-up examination six weeks after 
discharge from the hospital revealed an afebrile patient 
without complaints. At the time of this examination the 
spleen was not palpable and the blood culture was sterile. 

Case No. 7. {Figure d.) The patient, a 24-year-old 
white man, acquired an abortus type of brucellosis from 
the butchering and sampling of meat. A prodromal pe- 
riod of several weeks was characterized by a profound 
lethargy and aching of the head and back. Fever was 
first observed several weeks later on about January 1, 
1949, with the evening temperature reaching 101° F. 
Several days prior to hospitalization diaphoresis was 
pronounced and the temperature reached 104° F. All 
symptoms were then accentuated, and nausea with vomit- 
ing occurred. Blood taken prior to the institution of 
specific treatment revealed a gram-negative organism 
identified as B. abortus. The agglutinating titer at this 
time was 1/1280. On the 32nd day of fever Chloro- 
mycetin was administered with an initial dose of 3.0 gms., 
and subsequent doses of 1.0 gm. every eight hours con- 
tinued in this manner until six full days of normal tem- 
perature ensued. The febrile response to therapy is 
represented in Figure 6. For 24 hours after starting 


Chloromycetin all symptoms were greatly magnified and 
the patient felt worse. Decided clinical improvement 
marked by reduction of muscle aches and increase in 
strength and vigor was apparent on the second treatment 
day. The temperature was normal after two full days 
of treatment. Convalescence thereafter was rapid. A 
total of 29.0 gms. of Chloromycetin, was administered 
over a period of 10 days. The highest titer attained for 
B. abortus was 1/1280. Exactly 30 days after discharge 
from the hospital or 31 days after the last dose of anti- 
biotic a low grade evening fever of about 99.4° F. was 
noted. These rises in temperature gradually increased to 
104° F. when diaphoresis, muscle pains and gastro- 
intestinal disturbances were experienced. Chloromycetin 
treatment, utilizing the prior schedule, was reinstituted, 
and the temperature returned to normal two days later. 
Blood taken during this febrile relapse did not reveal 
Brucellae. Judging from the rapid response after treat- 
ment with Chloromycetin, the causative organism had not 
gained resistance to the antibiotic. 

DISCUSSION 

In employing the chorioallantoic membrane of 
the chick, Goodpasture (10) demonstrated that 
Brucellae, similar to the rickettsiae, are obligate 
intercellular parasites which multiply within the 
cytoplasm of ectodermal cells. The highly specific 
effect demonstrated by Chloromycetin in rickett- 
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sial diseases (6, 11-13) is further evidence to sug- 
gest that this antibiotic might be expected to exert 
beneficial effect in brucellosis. 

Spink and his collaborators (14) utilized the 
fertilized egg to demonstrate that a combination 
of streptomycin and sulfadiazine was sufficient to 
eradicate Bruceilae from the tissues of infected 
embryos whereas they found that either drug used 
alone was incapable of achieving this effect. The 
clinical use of these combined agents in patients 
with brucellosis yielded more satisfactory results 
than had any prior treatment. In a series of 
treated cases these investigators (15) state that in 
the febrile patient normal temperatures were not 
sustained until the seventh to 10th days of treat- 
ment. Relapses with this form of treatment have 
been observed by others, and in our series of nine 
patients three had received treatment at an earlier 
date with the streptomycin and sulfadiazine re- 
gime, and were in active relapse with positive 
blood cultures when placed under therapy with 
the new antibiotic. 

Detailed accounts of the successful treatment of 
brucellosis with aureomycin have been reported 
(16-18). In 24 patients with the more severe 
B. vtelilensis infection, Spink and his associates 
observed prompt reduction in toxemia and return 
of temperature to normal in 72 hours. Three re- 
lapses were encountered in this scries up to the 
time of writing. In five patients with brucellosis, 
two proven to be abortus in type by blood cultures, 
we observed similar clinical improvement after 
aureomycin treatment (19). The temperature re- 
turned to normal in three days. 

With Qiloromycctin treatment in nine cases of 
active brucellosis we have observed abatement of 
symptoms within a short period and return of 
temperature to normal in three days after insti- 
tuting treatment (Table I). One relapse occurred 
30 days after discontinuing Qrloromycctin. The 
response to retreatment was prompt. Only one 
patient with the more virulent mclitensis tj-pc of 
hniccllosis has been treated with this antibiotic. 
This patient rc.spondcd favorably with rctuni of 
temperature to normal in five days. It thus ap- 
pears that both Qiloromycctin and aureomycin 
exert similar favorable effect in amdiomticn c: the 
sjTnptoms of this di'c.asc, and it is net possible to 
affirm from ih.c still limited accuntulatcd evidence 


which antibiotic is more effective. Long term ob- 
servation of a large series of patients, varied treat- 
ment schedules and observ’ations for possible toxic 
effects will need study before proper evaluation of 
these agents can be determined in a disease so vari- 
able in its clinical manifestations. Undoubtedly, 
until the optimum course of treatment is deter- 
mined, additional relapses will occur at which time 
it will be highly instructive to observ’e the clinical 
effects after reinstituting Qiloromycctin and to 
compare the drug sensitivity of the organism caus- 
ing the relapse with the one isolated during the 
initial attack. It is probable that longer courses 
of antibiotic treatment may be necessaiy or per- 
haps periodic courses of antibiotic until a sufficient 
degree of immunity’ has developed. 

CONCLUSIONS 

Qloromycetin has been found to exert specific 
beneficial effect in nine patients with active bru- 
cella infection. 

Further clinical testing will be necessary' to de- 
termine the optimum therapeutic regimen. 
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THE EFFECT OF AUREOMYCIN AGAINST 
BACTERIUM TULARENSE ^ 

By JOHN C RANSMEIER 

(From the Department of Bacteriology and Immunology, Emory University School of Medicine, 

Atlanta, Georgia) 


The wide antibiotic spectrum of aureomycin 
prompted exploration for possible activity against 
B. tularense. Its evidently low toxicity and its 
absorption in active form when administered orally 
would be decided advantages should it prove to 
be effective in tularemia. 

EXPERIMENTAL STUDIES 

The test organism. Studies were undertaken using a 
virulent strain of B. tularense recently recovered from a 
patient who died of tularemic meningitis (1). The or- 
ganism was agglutinated by known tularemic serum to 
full titer. It failed to grow on blood agar but grew 
well on solid medium containing 8% fresh rabbit blood, 
1% dextrose, and 0.1% 1-cystine in beef heart infusion 
agar base, prepared according to the method of Francis 
(2) . Early cultures were preserved at — 20° C. or 4° C. 
Fresh 24 to 48 hour transplants on blood dextrose cystine 
agar were used in all experiments, representing the sec- 
ond to seventh transfers from the original culture. The 
purity of each culture used was checked microscopically 
and on blood agar plates. 


The effectiv'eness of aureomycin in this medium against 
B. tularense and Staph, aureus was tested. The staphylo- 
coccus used was inhibited by 1.5 but not by 0.75 micro- 
grams of aureomycin per ml. in tryptose phosphate broth 
of pH 7.2 at 24 hours incubation. Turbid suspensions in 
broth were made from 26 hour blood dextrose cystine 
agar cultures of each organism. Slants containing 0 to 8 
micrograms aureomycin per ml. were inoculated with 1 
loopful of Staph, aureus or 3 loopfuls of B. tularaisc and 
incubated at 37° C. 

Results: Growth of B. tularense did not be- 
come apparent on the control medium until 24 
hours, at which time 0.5 microgram of aureomycin 
per ml. caused complete inhibition, while Staph, 
aureus required 1 microgram per ml. for inhibition 
(Table I). These early results are difficult to in- 
terpret because B. tularense grows more slowly. 
After 36 hours the concentrations of aureomycin 

TABLE 1 

INHIBITION OF B. TULARENSE AND STAPH. AUREUS BY 
AUREOf/YON IN BLOOD DEXTROSE CYSTINE AGAR SLAftTS 


1. Inhibition of B. tularense by aureomycin in 
culture medium 

Method: Fresh medium was prepared by adding 8% 
rabbit blood to dextrose ej’stine beef heart infusion agar 
at 60° C. For comparison with control medium, aurco- 
mycin-HCl - from 20 mg. vials was dissolved in dis- 
tilled w’afer and introduced into flasks of this medium to 
yield final concentrations of 0.125, 025, 0.5, 1, 2, 4, 8, 16, 
32, and 64 micrograms per ml. Exposure of the drug 
to 60° C. was momentary. The medium was quickly 
tubed, slanted, and hardened in the icebox. The elapsed 
time between dissolving the aureomycin and inoculation 
of the slants was five to six hours. The final pH of 
the medium ss-as 6.8, and was not changed detectably by 
addition of aureomycin-HCI in concentration of 64 micro- 
grams per ml. 

> Presented at tlic Second National S ymposium on 
Recent .^dwinccs i.n .Antibiotics Research held i.n Wash- 
Lngton, D. C.. .April 11-12. 1W9. under the auspices of th- 
Antaiotics Study Section, National Institutes of Ilrali-h, 
Public Health Service, Federal Security .Ager.cy. 

’ Tlte aurecmjcin use-.! i.n these studies was •u— lied 
through the courtesy r? l.t-derle I^aboratones Division, 
American Cyanimid Co. 
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daily increase in the concentration required for 
inhibition is best explained by deterioration of the 
drug on incubation at 37° C., as shown by Paine 
et al. (3) and Bliss and Chandler (4). The strain 
of B. Uilarense tested was inhibited by concentra- 
tions comparable to those required for inhibition of 
a sensitive strain of Staph, aureus. 

2. Effect of incubating B, tularense with aureo- 

mycin in broth 

Method: A turbid suspension of B. iularense with a 
density of 4 on the McFarland scale (5) was prepared 
in tryptose phosphate broth from a 41 hour blood dex- 
trose cystine agar culture. Aliquots of this suspension 
were added to equal volumes of broth, of aureomycin- 
HCl 100 micrograms per ml. in distilled water, and 
aureomycin 1000 micrograms per ml. in distilled water 
yielding final aureomycin concentrations of 0, SO, and 
500 micrograms per ml. The initial pH of the broth 
was 7.2 and was not changed detectably by addition of 
aureomycin 50 micrograms per ml. It was reduced only 
to 7.05 by addition of 500 micrograms per ml. This is 
well within the pH range for maximal growth of B. 
tularaise. The suspensions were incubated at 37° C. for 
four hours, after which tenfold serial dilutions in broth 
were made. 

Results: Inocula of 0,1 ml. of dilutions 10'^ to 
lO'io were injected intraperitoneally into groups 
of four or five mice (Table II). All mice receiv- 
ing dilutions 10"^ to 10'® inclusive died. The con- 
trol suspension incubated with broth had an LDoo 
of 10'° by the method of Reed and Muench (6). 
When incubated with 50 micrograms of aureomy- 
cin per ml. the was 10'®-^ and with 500 mi- 
crograms per ml. it was lO*'-*. 

Slants of blood dextrose cystine agar were also 
inoculated with three loopfuls of 10'^ and lO"® dilu- 

TABl£ 11 

EFFECT OF IN-CUBATING A BROTH SUSPENSION OF HmARENSE 
WITH AUREOf.lYCIN (4 HOURS AT 37*0 UPON INFECTIVITY FOR 
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tions prepared from the three suspensions after 
incubation as described above. When incubated 
three days at 37° C. the slants from both dilutions 
of the control broth suspension and from the 10"®^ 
dilution of the suspension containing aureomycin 
50 micrograms per ml. showed a heavy confluent 
growth of B. tularense. The 10*® dilution of the 
suspension containing aureomycin 50 micrograms 
per ml. and the 10*^ dilution of the suspension 
containing 500 micrograms per ml. yielded in- 
numerable separate colonies. The 10*® dilution of 
the latter gave only 10-12 small colonies. Al- 
though after one week 65 colonies were visible, 
growth was still strikingly reduced as compared 
with cultures from the other suspensions. 

It is evident that incubating a suspension of B. 
tularense for four hours at 37° C. in the presence 
of aureomycin 500 micrograms per ml. killed an 
appreciable number of organisms. Questionable re- 
duction of viable bacteria occurred in the presence 
of 50 micrograms per ml. 

3. Subcutaneous aureomycin therapy of experi- 
mental tularemia in mice 

Method: In therapeutic experiments standard suspen- 
sions oi B. tularaise were freshly prepared by emulsifying 
growth from a 24 to 48 hour blood dextrose cystine agar 
culture in sterile saline and adjusting to a density of two 
on the McFarland scale (5), All suspensions were cul- 
tured on blood agar for purity and yielded no growth. 
Tenfold serial dilutions in broth were made. Young 
adult white male mice were inoculated intraperitoneally 
with 0.1 ml. of various serial dilutions. Control mice and 
those to be treated were inoculated with the same dilu- 
tion. Simultaneously the LDj, of the suspension was 
determined by titration in additional groups of mice. 
Aureomycin-HCl dissolved in sterile distilled water was 
administered subcutaneously to the mice designated for 
treatment. Mouse tularemia is apparently not contagious 
to cage mates except perhaps by cannibalism, which was 
prevented so far as possible by prompt removal of dead 
animals. 

Procedure and Results: A pilot experiment was 
performed to determine the LD^o for mice of a 
standard suspension of B. tularense. Two of the 
higher serial dilutions were arbitrarily chosen for 
treatment (Table III). Inocula of 0.1 ml. of di- 
lutions IQ*^ to 10*° inclusive were injected intra- 
peritoneally into groups of four mice. Additional 
groups of four mice received the 10*'^ and 10*® dilu- 
tions. Treatment of the two latter groups with 
subcutaneous injections of aureomycin-HQ 0.5 
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TABLE III 

iPROTECTlVE EFFECT OF AUREOMYCIN ADMINISTERED SUB- 
CUTANEOUSLY TO MICE INFECTED WITH SMALL IN-mAPERI- 
TONEAL INOCULA OF B. TULARENSE 
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mg. was b^un immediately and continued three 
times daily at approximately eight hour intervals 
for five days, a total of 16 injections. (Each dose 
consisted of 0.25 ml. of a solution containing 2 mg. 
of aureomycin-HCl per ml. in distilled water.) 
All untreated mice inoculated with dilutions 10"* 
to 10'® inclusive and one receiving 10'” died. The 
LDjo of the suspension was 10'®-^. All treated 
mice inoculated with the 10'^ and 10‘* dilutions 
survived 27 days after inoculation. It was evident 
that the inocula were small, about 10 and 1 MLD 
respectively, but 100% survival of the treated ani- 
mals was noteworthy. 

To investigate the possibility that B. tularensc 
was harbored in the tissues of the surviving 
treated animals, two mice were killed on the 27th 
day after inoculation with the 10'’' dilution. The 
spleen of one was enlarged to at least three times 
normal size, dark red, and showed definite pale 
focal areas on section. The spleen of the other 
was enlarged to perhaps twice normal size but 
showed onl}' questionable foci. No other gross 
changes were noted. Spleen impression smears 
stained by Gram's method were negative for B. 
iuIarcHSc. The spleens were ground with sterile 
sand and emulsified in broth. Cultures yielded no 
growth on blood agar and blood dc,\trosc cystine 
agar. Five mice were inocukated intrapcritoncally 
with 0.1 ml. One died on the third day and one 
on the 12th, apparently neither of tul.arcmia as 
shown by absence of typical autopsy findings and 
by negative spleen impression smears. Tb.e otV.cr 
three mice sisn ived for 21 d.ays. Accordingly, no 
evidence u-as obtainrd in tliis e.'cpe.rin-.ent to sug- 
gest tl'.at viable B. Ittlc’-crsc J'^r^i^ttd in the 


spleens of mice which survived as a result of aurco- 
mycin treatment. 

To investigate the possible development of im- 
munity in treated animals, the remaining six mice 
which had survived inoculation with the 10'* and 
ICb® dilutions were reinoculated intraperitoneally 
on the 27th day with 10'^ dilution of a suspension 
of B. tularense used in a later e.\periment (sec 
Table V). The inoculum represented 10+ MLD. 
All mice died on the third or fourth day after 
reinoculation. Autopsies on three showed tj'pical 
changes of tularemia. Spleen impression smears 
were positive for B. tularense, and the organism 
was recovered in pure culture from the spleens 
and heart bloods. There is thus no evidence that 
mice surviving inoculation with B. tularense for 
27 days as a result of aureom 3 'cin treatment had 
any appreciable immunity on reinoculation. 

A second experiment was undertaken to de- 
termine the effect of smaller subcutaneous doses 
of aureomycin (Table IV). The LD^o of the 
suspension w'as 10'® “. Groups of mice were in- 
oculated with lO® dilution, and treatment was be- 
gun two hours later. All of 10 untreated mice 
died on the third or fourth day. Animals treated 
with 0.5, 0.25, 0.125, and 0.065 mg. of aureomycin 
subcutaneously three times daily at about eight 
hour interv'als for a total of 16 doses (i.e., 1.5 to 
0.19 mg./day, or approximately 75 to 9.4 mg./kg./ 
daj') remained well during five days therapy but 
all c-xcept three of 37 animals died after treatment 
was discontinued. That the deaths were due to 
tularemia was confirmed by positive autopsy 
findings and spleen impression smears. Mice re- 
ceiving the largest dose of aureomycin (1.5 mg./ 
da\’) survived longest. It did not seem feasiljlc to 

TABLE W 

EFFECT OF S'jeOfTA’EaJS ALF?EO*.»YCri T^CTy.=Y EZC’Jt 
2 KXJRS ACTER r.TRAPERTCf.tAL fCOSJAm OF ».» CE 
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use larger subcutaneous doses since edema, indura- 
tion, and local necrosis were not infrequently noted 
following repeated injections of 0.5 mg, of aureo- 
mycin-HCl in 0.25 or 0.2 ml, of distilled water 
(2 to 2.5, mg./ml.). Local reactions were incon- 
spicuous with concentrations of 1 mg./ml. or less. 

The effect of duration and time of starting sub- 
cutaneous aureomycin treatment were next in- 
vestigated (Table V). The LD„o of the sus- 
pension was 10~® -. All of 20 control mice receiv- 
ing the 10'® dilution died on the third or fourth 
day. Groups of 10 mice which received the same 
inoculum were given 0.5 mg, of aureomycin sub- 
cutaneously at about eight hour intervals (1.5 mg./ 
day or approximately 75 mg./kg./day) for 16 in- 
jections over a period of five days. One group 
received the first injection immediately before in- 
oculation, A second group was started on therapy 
seven hours after inoculation. Two additional 
groups were given the same dosage of aureomycin 
started at the same times, but were continued on 
treatment for eight days or a total of 25 injections. 
All except one of the 40 treated mice remained 
well during therapy, but deaths began to occur on 
the fourth to sixth day after cessation of treatment 
and relatively few animals survived. Half of the 
group in which therapy was started just before 
inoculation and continued for eight days lived. 

Two additional groups of 10 mice each, not 
shown in Table V, were included in this ex- 
periment and received the same inoculum at the 
same time. Treatment by subcutaneous injection 
was deferred until 28 hours after inoculation and 
continued for five and eight days respectively. 
Tlicsc animals were likewise protected during 
therapy but deaths began to occur on the fifth day 
after cessation of treatment. AH except one in 

t;sbi.e V 
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the group treated five days and two in the group 
treated eight days succumbed. 

The best result (50% survival) was thus ob- 
tained when subcutaneous therapy was begun im- 
mediately before inoculation and continued for the 
longest period, i.e., eight days. Whether more 
complete protection could be obtained with larger 
doses administered for a longer period, or with 
repeated short courses of treatment, is not known. 

4, Oral aureomycin therapy of experimental tu- 
laremia in mice 

Methods: Powdered drug from capsules was mixed 
with dry finely-ground Rockland mouse diet to yield con- 
centrations of 0.5%, 0.25%, 0.125%, and 0.065%. Food 
was withheld for six hours and mice were then given the 
drug-containing diet ad libitum. By weighing the food 
taken it was found that 10 mice on the diet containing 
aureomycin 0.125%, inoculated intraperitoneally with B. 
tularense on the second day, consumed an average of 3.68 
gm. per mouse per day over an eight day period. If the 
average consumption be assumed to approximate 3.5 gm. 
per mouse per day, the amount of aureomycin taken in 
these diets may be estimated roughly as follows: 

% of aureomycin Estimated amount of aureomycin 
in diet consumed per mouse per day 

% Wf. 

0.5 17.5 

0.25 8.8 

0.125 4.4 

0.065 2.2 

In therapeutic experiments the drug-containing diet was 
begun, after a six hour fast, on the day prior to intra- 
peritoneal inoculation with B. tularoise. 

Procedure and Results: Groups of 10 mice were 
started on diets containing aureomycin 0.5%, 
0.25%, 0.125%, and 0.065% while 20 control mice 
were given the basic diet without aureomycin. 
After 22 hours all mice were inoculated with a 10'® 
dilution of a suspension of B. tularense (Table 
VI). The LDjo of the suspension was lO'®-®. 
The treated animals were fed the aureomycin- 
containing diets for 14 days. All of the control 
mice died on the third or fourth day after inocu- 
lation. None of the animals receiving drug in the 
diet died during 14 days of therapy, but deaths be- 
gan to occur on the third to fifth days after the 
basic ration was resumed. Nevertheless, signi- 
ficant numbers remained alive; a survival rate 
of 60% was obser\-ed in the mice fed diet contain- 
ing 0.5% of aureomycin, with somewhat fewer 
survivals in the other groups. These results 
compared favorably with those observed after 
subcutaneous treatment. 
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TAa£ VI 

EFFECT OF AIBEOMYCIN IN DIET OF MICE INOCULATED 
INTRAPERITONEALLY WITH B. TULARENSE 



diet started ZZ hours before CtOCUlATlOtJ 

In studies on aureomycin therapy of relapsing 
fever, Heilman (7) found that the oral dosage re- 
quired was in the order of five times the subcu- 
taneous dose. If the same ratio pertains in tula- 
remia, the diet containing 0.25 fo aureomycin 
might be estimated to be about equivalent to sub- 
cutaneous dosage of 1.5 mg. daily. In our experi- 
ments the results obtained with this diet fed for 
14 days approximated those with subcutaneous 
injections of 1.5 mg. daily for eight days beginning 
immediately before inoculation (cf. Tables V and 
VI). 

A second feeding experiment was undertaken 
to investigate the effectiveness of aureomycin in 
suppressing larger inocula (Table VII). Six 
groups of 10 mice were started on a diet contain- 
ing 0.065^ aureomycin. After 22 hours these 
were inoculated with the 10*= to lO"’’ dilutions of a 
suspension of B. tularense. Control groups of 
si.x mice fed on basic ration without aureomycin 
were simultaneously inoculated with the 10'* to 
10'’° dilutions. The treated animals received the 


TABLE Vlt 

SUPPRESSIVE EFFECT W AUREOf.tYON 0,065% « DIET OF 
MiCE nJFECTED WITH VARYING CiOCULA OF B. TULARENSE 
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drug-containing diet until eight days after in- 
oculation, when it was replaced by basic ration. 
The LDbo of the suspension was 10'®-®. All of 
the control mice inoculated -with the lO** to 10** 
dilutions died on or before the fifth day. In the 
group of treated mice w'hich received the 10'* 
dilution, representing about 1,000,000 MLD, five 
deaths occurred during the eight day treatment 
period, but only one of 50 mice in the other groups 
died during therapy. Partial suppression of tu- 
laremia was thus demonstrated by aureomycin 
against 1,000,000 MLD, and almost complete sup- 
pression was obseiw'ed with inocula ranging from 
10 to 100,000 MLD. However, after the drug- 
containing diet was withdrawn deaths began to 
occur and most of the animals succumbed by the 
13th day after inoculation. The greatest per- 
centage of survivals was noted in the group given 
the smallest inoculum, i.e., the 10'’ dilution, which 
contained about 10 MLD. 

The size of inoculum appeared to be a decisive 
factor in determining ultimate sundval of mice in- 
fected intraperitoneally with B. tularense and given 
aureomycin therapy, either orally or subcutane- 
ously. With small inocula ranging from one to 10 
MLD a verj' significant number of animals re- 
mained well. Although the drug exerted a strik- 
ing suppressive effect against inocula up to 100,- 
000 MLD, few mice which received inocula ap- 
proaching or c.xcccding 100 MLD sur\'ivcd. 

DISCUSSION 

The first successful chemotherapy of c.xperi- 
mcntal tularemia was reported by Heilman (8). 
He administered streptomycin subcutaneously to 
mice in divided doses totalling I mg. daily. Four 
injections of 0.15 mg. in saline and one of 0.4 mg. 
in bees\s-ax and sesame oil were given in each 
24 hours, and continued for 10 days beginning 
seven or eight hours after intraperitoncal injec- 
tion of B. tularense. This regimen protected mice 
against inocula cstim.atcd at 10-r to lOO-h MLD. 
When the total daily dose of strcjitnoyscin was 
reduced to 0.5 mg., only five of 12 mire svere pro- 
tected against 100-f MLD, Tl-,e strain of B. 
tularense used w.as reported to I?e con;;d<-ie!v in- 
hUiited by 0.15 ir.icrcgrrur. f;: stre: torr.ycin p’-r 
in tefre. Eecau'e of differerire! d^-T.ge ff rn: 
and schedule it i; not p:s<^r !e to rr-.-.t.f- - d;rc;t 
com?arisc-n l>etv.cen th.e re:;:!*.' v.;:*;-. aurew:;-. dr. 
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reported herein and those obtained by Heilman us- 
ing streptomycin. 

Comparative studies on the activity of aureomy- 
cin, streptomycin, and Chloromycetin in experi- 
mental tularemia have recently been reported by 
Woodward et al. (9). Using larger doses of 
aureomycin (3 mg./day intramuscularly for four 
days) they also occasionally obtained 100% sur- 
vival of mice infected intraperitoneally with small 
inocula, but with larger inocula death regularly 
occurred after cessation of aureomycin treatment. 
They concluded, however, that aureomycin was 
more effective than streptomycin or Chloromycetin 
in delaying death of mice infected with B. tularense. 

Because experimental tularemia in the mouse is 
an overwhelming septicemic disease with 100% 
mortality, it is a severe test of a chemotherapeutic 
agent. It is difficult to apply the results obtained 
to the human disease, either in general terms or 
in the more delicate matter of dosage required. 
When significant activity against B. tularense has 
been established, both in vitro and in mice, care- 
fully controlled clinical trial is the only means of 
evaluating the usefulness of a new antibiotic in 
human tularemia. 

Woodward et al. (9) reported three tularemia 
patients in whom aureomycin was considered to 
be effective, and we have also treated three cases 
with apparently good results (1). Further cau- 
tious clinical trial of aureomycin in human tula- 
remia is strongly indicated. 

SUMMARY 

Aureomycin exerted definite activity against a 
virulent strain of B. tularense, in zntro and in vivo. 
When the drug was incorporated into blood dex- 
trose cystine agar, B. tularense was inhibited by 
0.5 microgram per ml. at 24 hours and 2 micro- 
grams per ml. at 48 hours. Its sensitivity was 
comparable to that of a strain of Staph, aureus. 
In concentrations of S micrograms or less per ml., 
aureomycin was bacteriostatic. However, when 
a suspension of B. tularense was incubated for 
four hours in the presence of 500 micrograms per 
ml., appreciable numbers of organisms were 
killed as dcmon.strated by culture and titration in 
mice. 

Furthermore, aureomycin administered sub- 
cutaneously or orally demonstrated a striking sup- 


pressive effect in mice inoculated intraperitoneally 
with B. tularense. Almost all animals survived 
treatment periods ranging from five to 14 days, but 
most of them died after cessation of therapy. With 
inocula between 10 and 100 MLD, about 50% 
survival resulted from subcutaneous therapy with 
1.5 mg./day (75 mg./kg./day) given in three di- 
vided doses starting immediately before inocula- 
tion and continued at about eight hour intervals 
for eight days. Treatment achieved 100% pro- 
tection in small groups of mice inoculated with 1 
to 10 MLD. 

Administration of 0.065% aureomycin in the 
diet of mice infected intraperitoneally with B. 
tularense produced partial suppression of 1,000,000 
MLD and almost complete suppression of 10 to 
100,000 MLD during eight days therapy but most 
of the animals died after treatment was discon- 
tinued. Four of ten treated animals receiving 
only 10 MLD survived. 

A careful trial of aureomycin in therapy of hu- 
man tularemia is indicated, 
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THE CONCENTRATION OF AUREOMYCIN IN URINE AND CERE- 
BROSPINAL, PLEURAL AND ASCITIC FLUIDS AFTER ORAL 
AND INTRAVENOUS ADMINISTRATION" 

By harry F. DOWLING, MARK H. LEPPER, ESTON R. CALDWELL, JR., 
RICHARD L. WHELTON, and ROBERT L. BRICKHOUSE 

{From the George Washington University Medical Division, GaUinger Municipal Hospital, 
and the Department of Medicine, George Washington University, Washington, D. C.) 


During our previously reported studies (1) on 
the absorption of aureomycin in humans after oral 
and intramuscular administration, we found that 
aureomycin was sometimes present in the cerebro- 
spinal fluid. We have extended these studies in 
order to determine the conditions under which 
aureomycin will be detectable. The present paper 
includes the cerebrospinal fluid findings in 26 sub- 
jects with no inflammation of the central nervous 
system and in one patient with meningitis and two 
with encephalitis together with a small number of 
tests for aureomycin concentration in urine and in 
pleura! and ascitic fluids. 

METHOD 

Cerebrospinal fluid specimens were obtained simul- 
taneously with specimens of serum on two patients after 
a single dose of 2 gra. by mouth, on four after a single 
i gm. dose, and on 18 patients who were under treatment 
with aureomycin - in doses of 250 to 500 mg. every three 
hours by mouth. Five subjects were given a single in- 
travenous dose of 500 mg. of aureomycin and a single 
specimen of blood and spinal fluid was taken three or four 
hours later. One patient with a pleural effusion was 
given oral aureomycin and simultaneous blood and pleural 
fluid specimens were obtained. The same procedure was 
followed in the case of a patient with cirrhosis and ascites. 

Aureomycin concentrations were determined by a modi- 
fication of Dornbush's (2) method, as previously de- 
scribed by us (1). 

RESULTS 

Distribution into the Cerebrospinal Fluid. As 
shown in Figure 1, aureomycin was present in the 
cerebrospinal fluid in only one among 17 speci- 
mens obtained within the first 12 hours of aurco- 
mycin therapy. Five patients were given a single 

’ Presented at the Second National Symposium on 
Recent .Advances in .Antibiotics Research held m Wash- 
ington, D. C., .April H-12, 19-59, under the auspices of the 
Antibiotics Study Section. National Institutes o: Health, 
Public Health Service. Federal Security .Apenev. 

* Supplied by the Lcdcrle lu-boratcries Division. Atner- 


intravenous dose of 500 mg, of aureomycin in 25 
cc. of arginine or leucine buffer solution. Three 
to four hours later the serum aureomycin concen- 
tration was 2 /tg. in each instance. At the same 
time 0.06 gg. was present in the cerebrospinal fluid 
of one patient and 0.03 jug. in the fluid of two pa- 
tients, while detectable amounts of aureomycin 
were not demonstrated in the cerebrospinal fluids 
of the two remaining patients. 

All of the 16 specimens of cerebrospinal fluid 
obtained from patients who had received the anti- 
biotic for 23 hours or more contained demonstrable 
concentrations of aureomycin. The presence of 
meningitis apparently made no difference in the 
cerebrospinal fluid concentration attained. Two 
specimens obtained from patients with encephalitis 
contained unusually high cerebrospinal fluid con- 
centrations compared with serum concentrations. 
In general, the higher tlie serum concentration the 
higher the concentration in the cerebrospinal fluid. 
There was no indication that after the first 24 
hours there was any further rise in the spinal fluid 
concentration unless the dose of aureomycin was 
increased sufficiently to cause a rise in the serum 
concentration. 

Distribution in Pleural and Ascitic Fluids. One 
patient with a pleural effusion had a concentration 
of aureomycin in the scrum of 0.5 pg./cc. and 0.125 
gg./cc. in the pleural fluid (Table I). Another 
patient with cirrhosis and ascites had concentra- 
tions of aureomycin in the ascitic fluid of 0.125 ar.d 
1.0 gg. at the same time that sensm concentrations, 
were 0.5 and 1 ^g., respectively. A third concen- 
tration of 0.03 Jig. was obtained at a. time v.'h.en. a 
simultaneous scrum level was not done. 

Excretion in the Urine. Th.e an.to'.mt o; anreo- 
mydn excreted in ih.e urine after oral :xA intra- 
venous adminihtraticn is shown in TaVe li. One 
patient v.TiS given a single do;; c: i gr::. r.r.'! an- 
other 7CO mg. by rr'.out;:. The c-onrentraticn c; th.'- 
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TABLE I 


Distribution of aureomycin in pleural and ascitic fluids 


Patient 

i 

j 

Diagnosis 

Day 

of 

treat- 

ment* 

Concentration of 
aureomycin 
MS./cc. 

! 

Serum 

Serous 

cavity 

fluid 

L. c. ; 

Pleural effusion (probably 

2 

0.5 

0.125 


tuberculosis) 




E. Q. 

Cirrhosis with ascites 

2 

0.5 

0.125 



3 

ND 

0.03 


j 

! 

4 

1.0 

1.0 


* With 250 mg. of aureomycin every three hours 


both instances and the urinary output during six 
hours was 1095 and 1060 cc., respectively. The 
percentage of the dose recovered in the first six 
hours was 11 and 15.4 per cent, respectively. 

Five patients were given a single intravenous 
dose of 300 mg. One patient (J. M.) had low con- 
centrations in the blood and in the urine and also 


a lower urine volume than the two patients de- 
scribed above. In the first six hours he excreted 
only 4 per cent of the dose administered. The 
other four patients had higher serum and urine 
concentrations. One of these excreted 2 per cent 
in two hours and the other three excreted 5, 2.3, 
and 3.7 per cent, respectively, in one hour. 

The most interesting finding was the relation- 
ship between the serum and the urine concentra- 
tions, which was remarkably constant considering 
the crudeness of the biological test employed. The 
ratio of serum concentration to urine concentration 
varied from 1 ; 48 to 1 : 400 but was usually in the 
neighborhood of 1 ; 100. This was true even in 
the case of C. F. who, although he was given 500 
mg. intravenously, voided only 60 cc. of urine two 
hours and again four and one-half hours after 
the injection, and who was later found to have 
urinary retention. He had a serum concentration 
of 2 /ig./cc. and urine concentrations of 200 and 
100 jug./cc., a ratio of 1 ; 100 and 1 ; 50. 
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P&TICKTS WITHOUT MENINGITIS OR ENCEPHALITIS 
0» 3 lo 12 Aft. cfftr lift! doit of Aurtomyein 

+ •3 or 4 Art. cfler o linglt idirattnouj dote of Asreomyeln 

• •I Ic 9 dot, oltir firi! doit of AuMonyeln 


PATIENTS WITH MENINGITIS OR ENCEPHALITIS 
0*12 hrt. cfltr flrtt dote of Auriofnyein 
V. I te 9 dot. clitf fiftl doit of Aureenyela 

Fic. 1, The Co.vcrrrTR.LTiON- or AvREOMvaj: lu Urike akd Cere- 
ESOit’IM.AL, Pixur-IL AND AsCITIC FLUIDS AfTE.E OeAL AND INTRAVENOUS 
.\rM:N!5Ts.*.r.0N 
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TABLE II 

Concentrations of anreomycin in urine and serum after oral and intravenous administration 


Patient 

Dose 
and 
^ route 

Urine 

Serum 

concen- 

tration 

Serum/ 

Urine 

1 

Hour 

j collected 

1 

1 Volume 

Concen- 

tration 

Recovered 

Per cent recovered 

In time 
period 

Cumulative 




cc. i 


mg. 



)‘S./cc. 


E. P. 


0-2 

470 

■BliH 

30 

3.0 

3.0 




1 1 gm. P.O. 

2-4 

500 


64 

6.4 

9.4 


— 



4-6 

125 

128 

16 

1.6 

11.0 

1.0 

1:128 



Total 

1095 







N. B. 

700 mg. P.O.j 

0-2 

435 1 

64 ! 

28 

4.0 

4.0 

0.25 

1:256 



2^ 

475 

128 i 

61 

8.7 1 

12.7 

1.0 

1:128 


j 

4-6 

150 i 

128 ! 

19 

• 2.7 1 

15,4 


— 

i 

i 

i 

1 

Total 

1060 j 

1 

j 


j 



J. M. 

300 mg. I.V. 

0-2 

175 

12.5 i 

2 

0.7 

0,7 

0.25 

1 :50 



2-4 

160 

50 i 

8 1 

2.7 

3.3 

0.125 

1 :400 



4-6 

265 1 

6 

2 

0.7 

4.0 

0.125 

■ 1 :4S 



Total 

600 







J. C. 

300 mg. I.V.| 

0-2 

60 

100 

' 6 

2.0 

mm 

1.0 

l:W0 

\V. B. 

300 mg. I.V.: 

0-1 

ISO 

100 

IS 

5.0 


1.0 

1 ; 100 

W. L. 

300 mg. I.V., 

0-1 


100 

7 

2.3 

— 

1.0 

I; WO 

J. B. 

300 mg. r.V.j 

0-1 

2IS 

SO 



■gH 

0.25 

1:200 


500 mg. I.V.! 

0-2 

60 

200 

1 




1:100 

■■ 

1 

i 

2-4 i 

j 60 

j 100 

1 

■1 



1:50 


* Had prostatic h)’pertrophy and urinary retention. 


DISCUSSION 

It is apparent tiiat after the first 24 iiours of 
therapy with the do.ses of aurcomvein in common 
n.sc, dctcctaltic levels of the antibiotic are con- 
si.slently present in tlie cerchro.spinal fluid. I.^rf;er 
do.se.s, producing: hijrher serum concentrations, 
should result in hip;hcr cerebrospinal fluid levels. 
In some instances the antibiotic is present three 
hours after an intravenous injection of 500 mp. 
It is likely that hipber intravenotjs do^es mipht 
assure the presence of the antibiotic in th.e s])inal 
fluid in all cases within a few hours. It is of iti- 
lerest that the one patient with pneumocivccic 
meninpitis whom we treated with oral doses of 
anreomycin rtvovered. The concentration of 
attreomycin in his cerebr<'>'.pin.rd fluid w.as not de- 
testable 12 I’.o'.srs atier tlie start of tl’.erativ bttt 
was (1.(1, to 0,15 thereafter. This path'tn re- 
s'eived tuo do-e' of o.-.lf' -'.antide' before 


cin was started. These may have prevented the 
propression of the meninpitis before attreomycin 
was available at the site of the infection, althouph 
we doubt that they could have been rcsprntsible for 
the patient's recovery. In this connection, it is of 
interest that we have found the sensiiiviiv of 2o 
straitLs of jmenmococci to ranpi' between O.OI attd 
0.16 of anreotnycin. .‘Seventeen of the str.'iins 
were sensitive to 0.02 /<p, or less. < )ur preliminarv 
studies show that aureoiiiyciu cat! b-- tr.an'-niiit'-d 
into the pleura! attd a'-citic fittids v. h.rn it i- a.d- 
mitiistered systemicallt , \\'h< :her tbi- i- tn:'- in 

all cases and whether the cotn-e.n: ratio:;, nre "'.'tn- 
cienl for thempetnic etT<vt- .are pr<'b:-;:;- 
await furth.er su;r.y Tl;- larce m !•.::: •■■ . f nr--- 
obtai'ied ist son-.e c.-.-' .. o;;r r •; 

nttndH.'r ot tsit:e:‘(t. t'.e.dfr tr* 
np. ci;:, to .• th.'.t ;,:'.ro 

v.ret;;' r .y, 

Tsf.'.’f ;.i ;;.r- --mn; ,■ ■. ■ vr^ » a, .r 
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serum concentration to urine concentration being 
in the neighborhood of 1 : 100. This makes it 
likely that aureomycin is excreted as a glomerular 
filtrate. From our previous studies (1), which 
indicate that the serum concentrations are very 
low after 12 hours, and the fact that there is 
a constant serum-urine ratio, it can be deduced that 
the major portion of the aureomycin recoverable 
in the urine is excreted within 12 hours and 
that only relatively small amounts are recoverable 
thereafter. It would appear, therefore, that at 
most, only 15 to 20 per cent of the antibiotic will 
be recovered in the urine even after intravenous 
administration. Collins and his associates (3), 
measuring complete aureomycin excretion in two 
patients, found that 11 to 13 per cent was recov- 
ered after oral administration. The data available 
at present indicate, therefore, that the major por- 
tion of an intravenous dose of aureomycin is dis- 
posed of by methods other than urinary excretion 
and that the percentage recoverable in the urine 

i.s so small that the figure is of relatively little value 
in estimating the completeness of absorption from 
the gastro-intestinal tract. 

SUMMARY 

t 

1. Among 17 specimens of cerebrospinal fluid 
obtained during the first 12 hours of oral adminis- 
tration, aureomycin was detectaljle in only one. 
Wiicn five patients were given an intravenous dose 
of 500 mg., detectable concentrations were present 


in the cerebrospinal fluids of three patients within 
four hours. Aureomycin was present in all 16 
specimens obtained 23 or more hours after the 
first oral dose, the concentrations ranging from 

0. 03. to 1 fxg. and being approximately related to 
the serum concentration present at the same time. 

2. Aureomycin has been found in the pleural 
and ascitic fluids of two patients after oral adminis- 
tration. 

3. Urine studies on eight patients showed an 
aureomycin concentration of 12.5 to 100 ixg./cc. 
during the first hour after oral or intravenous ad- 
ministration, depending upon the height of the 
serum concentration and the volume of urine ex- 
creted. The ratio of the aureomycin concentra- 
tions of serum to urine was approximately 1 : 100. 
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CLINICAL EXPERIENCE WITH AUREOMYCIN - 

By JOHN C. HARVEY, GEORGE S. MIRICK, axd ISABELLE G. SCHAUB 
(Frw« the Johns Hopkins University School of Medicine, Department of Medicine, Baltimore) 


During the past nine months a study has been 
made by members of the medical service at the 
Johns Hopkins Hospital concerning some of the 
possible therapeutic uses of aureomycin. Forty- 
eight patients with a variety of infectious processes 
were selected for treatment. In many cases the 
patients had been treated unsuccessfully with one 
or more chemotherapeutic agents before aureo- 
mycin was given but in each instance an effort was 
made to curtail other drugs during the period that 
aureomycin was used. Whenever possible the 
infectious agent was recovered before treatment 
with aureomycin was started, and other cultures 
were made during and following this therapy. 
The sensitivity to aureomycin of the bacteria re- 
covered was tested in vitro in each instance. 

Certain studies were made to evaluate the pos- 
sible toxicity of the drug. The patients were e.x- 
amined daily for evidence of rashes or untoward 
symptoms. The blood and urine were examined 
before, during, and after treatment. The liver 
function of 37 cases was tested before and after 
treatment, by the thymol turbidity, cephalin floc- 
culation, and BSP excretion tests and serial elec- 
trocardiograms were obtained from 39 cases. No 
patient developed drug fever or dermatitis, and 
no signs of toxicity to the bone marrow, kidneys, 
liver, or myocardium were noted. Twenty-six of 
the 48 patients complained of nausea or cjiigastric 
distress. Diarrhea was noted in addition in nine 
ca.ses. The gastrointestinal .symptoms seemed to 
depend on idio.syncrasy and some patients could 
t.ikc large doses without discomfort. In general, 
the same dose caused less discomfort when divided 
into small amounts given frequently rather than 
large amounts at wider interv.als. .Xureomycin 
was better tolerated when given with food or with 

' Presented at the St-onni Xn'.ii'nnl S>ir.ivikh:m on 
Recem .Advances in -Antibictic^ Itc^e.Trdi held in AV.-oh- 
iimton. Id. C.. .Aj'rit 11-12, 1*^49, ini.lcr the ."aoj'i.'r* td the 
.Antibiotics 5f,:dy .‘Section, N.atioinl Ino.l-ntr'. i-,i 
Pnblic Hr.tith Service, Foltr.-d Srciirity .Act-tev, 

- .Anrei'tnvrsn v'.:; ; !iej t’-.roneii t;-,r Co.trtc'y r; l.r Ur'r 
Lrdv'r.-.torir*. I>i\i<i.’n. .Atv.rricati Cy;.;-..-.nd ! G'--;a.ry, 
Pe.vrl Kort. New A’crl;, 


a buffer like Alugel but its effectiveness might be 
decreased by this procedure since it is known to 
deteriorate in alkaline environments. Many pa- 
tients developed tolerance to aureomycin as treat- 
ment progressed. In only five cases was therapy 
stopped because of uncontrollable vomiting. It is 
of interest that four of these five were ambulant 
patients with sinusitis. 

The patients have been divided into separate 
groups according to the diagnosis. The thera- 
peutic results in each group will be considered 
separatel}'. 

Fifteen cases of urinary tract infection were 
treated. Six had chronic ]) 3 -elonephritis, four had 
acute C3'stitis, three had post-operative infection 
with associated bacteremia, one had h 3 'droncphro- 
sis, and one had a horse-shoe kidney. In 1 1 cases 
the infecting bacterium was E. coU, in two cases 
enterococcus, and in one. Pscudomottas acntftc- 
vosa. Each of the infecting strains of E. coli was 
inhibited in vitro by aurcomvein in concentrations 
between 0.7 and 15 gg./cc. of medium. The strain 
of pseudomonas was resistant to 50 gg./cc. Four- 
teen of the 15 cases had not responded to other 
types of chemotherapy. The patients each received 
a total dosage of 4 to .32 gm. with an average of 
13.2 gm. The results obtained were uniformly sat- 
isfactory excel)! in the case of infection due to 
p.seudomonas. .All symptoms siiiisided witiiin one 
to four davs (aver.age three and two-tenths flay.-, ). 
In c\’cr 3 ’ instance the urine was sterilized, 'i'he 
follow-up period.'' are not yet very king but so far 
onlv the one patient with j)seudoinonas infection 
has had recurrence of the disease. Two other pa- 
tients. following cv.'tili.- due In E. coli, devchip' d 
stubborn infections due to proteii'. This Ic^l tu ;•> 

nt'r.ir? •y-i? ». .»> » .'« f » . ••a • 
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TABLE I 

Primary atypical pneumonia treated with aureomycin 


Case 

j 

■ No. 

of 

lobes 

1 

Agfilutination 

Day temperature 
readied normal 

Aureomycin 

Strept. 

MG 

Cold 

i 

DiS- ; 
ease 

Hos- 

pital 

i 

Treat- 

ment 

1 

1 

Grams 

Days 

JG 

1 

i + 

0 

1 17 

6 

5 

12. .5 

8 

SK 

1 

i + 

0 

6 

4 j 

4 

16.0 

7 

ES ! 

1 

+ 

i 0 

11 

7 

5 

12.5 

7 

MF 

1 

-h 

1 0 

11 

5 

4 

7.0 

4 

FG 

2 

4- 

0 

14 

6 

2 

21.5 

12 

MF 

2 

! + 

+ 

7 

5 

4 

12.5 

! 7 

Av 

crage 


1 

11.0 

i 

5.5 

i 

4.0 

13.3 

1 

8.5 


these patients recovered. The temperature reached 
normal on the second to fifth day of treatment 
(average four days). Tins corresponded with the 
11th day of disease, or five and one-half days after 
hospitalization commenced. Nine additional pa- 
tients with primary atypical pneumonia, admitted 
to the hospital during the study period, received 
no chemotherapy. The results are summarized 
in Table II. The first five listed were alternate 
admissions to the six treated cases. In this un- 
treated series the results observed were just as 
.satisfactory as in the treated cases. The tempera- 
ture reached normal on the average after 10.1 
days of disease and four and seven-tenths days of 
hos[)italization. The results observed in these 
.small group.s of patients fail to indicate that aurco- 
mycin in the do.sagc employed affected the course 
of this di.scase. It seems obvious that larger 
grou])s of patients with adequate controls are 
necessary to settle this point. 


table u 

I’rtmary ntypual pneumonia with no antimicrohial therapy 
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Three patients with lung abscess were treated. 
Two had . chronic infections for six and nine 
months, respectively. The third was acutely in- 
fected. The abscess in one patient was secondary 
to a pulmonary adenocarcinoma. From this case 
a pure culture of £. co/i sensitive to 0.75 pg./cc. 
of aureomycin was obtained from the pus. No 
improvement had been noted following treatment 
with penicillin and sulfadiazine. After treatment 
with aureomycin, 4 gm. daily for 20 days, sub- 
jective improvement was noticeable and the tem- 
perature returned to normal. Subsequently, how- 
ever, both fever and symptoms recurred and sur- 
gical drainage was necessary. It is of interest 
that the pus then contained no E. coU but instead 
a pure culture of proteus. 

The second chronic case with a mixed infection 
resistant to penicillin and streptomycin was mark- 
edly improved after receiving aureomycin 4 gm. 
daily for six weeks. Fever and sputum dis- 
appeared and roejitgenographic examination re- 
vealed a normal lung. The third patient had mul- 
tiple acute abscesses due to staphylococcus and 
improved dramatically when treated with aureo- 
mycin although penicillin had seemed ineffective. 
Six patients with sinusitis were treated with satis- 
factory results. 

An additional group of nine patients with dif- 
ferent types of infections was treated with good 
results. Tiiese included two cases of lympho- 
pathia venereum, and one case each of Rocky 
Mountain Spotted Fever, rat bite fever, tonsillitis 
due to Streptococcus pyogenes, meningitis due to 
F. coli, meningitis due to pneumococcus Type 
XIX, rodent ulcer, lobar pneumonia, and chronic 
brucellosis. One case of chronic ulcerative colitis 
showed marked .symptomatic improvement on 
treatment. 

Unsatisfactor}' results were observed in five ad- 
ditional patients comprising one case each of thy- 
roiditis. iiemphigus, sarcoid, osteomyelitis, and 
typhoid fever. 

I our jiatients with bacterial endocarditis were 
treated. In two the infections, due to Streptococcus 
jccalis. dcvcioiicd following the Blalock-Taussig 
operation. The other two patients developed 
sjioiuaneou.s infections due to microaerophiiic 
■'treptocficci. 'fhe cour.-es of these four patients 
are .summarized in I'igures 1-4. In the case of 
N. S. (Figure 1) the Streptococcus jccalis was 
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Fig. 1. SIjbacute Bacterial Endocarpitis, Treated with Aureomvcix 



Fig. 2. Scbacute Bacterial E.NDocARmTis, Treated with .\uheomycin 


.sensitive in vitro to .9 u. of pcnicilliii/cc. and 1.5 culttircs had iiccome sterile, and tlic patient .■'howed 
/ig. of nureomycin,'cc. Tlic patient was given 92 definite clinical inpirovement altliongh low graile 

million u. of penicillin for 12 daj's when this was fever continued, hollowing aurcoinycin therajiy 

stopped because of the development of sensitivity 
to this drug. During penicillin therapy the blood 
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Fig. 5. Colonial Forms of Streptococcus fccalis Grown on Agar Plate Containing Blood 
A represents tlie large colonies formed bj' the strain recovered before treatment, inhibited by 0.75 
^ig./cc. of aurcomycin, but not less. B represents smaller colonies formed by the strain recovered 
after treatment with aureomycin, inhibited by 6.2 Mg./cc. of aureomycin, but not less. 


TABLE HI 


Characteristics o/ Streptococcus fecalis — Strain AG 



Strain No. 1 

Ijofore therapy 

Strain No, 2 
after therapy 

Srii'iitivity 

.\iiri-<iniyciii 

O.I.S UK- fc. 

0.2 (iK- cc. 

Son-iitivity 

P(M\icilUn 

7.8 u. cc. 

7.8 ij./cc. 

CoIonit'^ 

aK’Ar 1 

l.irKf. tran^lucl■^t 

i 

small, more opaque 

(tTOWth — 

r.S. hrutli 

(I hr.— son.oou.ooo/'cc. 
2t lir.--1.50<).0(X).000 cc. 

0 hr.— 50.000.000 cc. 
24 hr.— 50.000.000, cc. 


G -f* 

cocfi in iKTir**. Krotip^. 
t atnl ‘‘hc’rt cltanis 

Same 

( i!t \i\ I'Totli 


Smooth 

f.* ’ V) r’.’tA 

; 

*r 

I !"’:L 


Same 

- 

' ' 1 ' 

‘ 1 1 

Liquefied 


- 

— 

! V** 


i 

• 7.0 





the temperature became normal, clinical improve- 
ment was progressive, and the patient remains well 
live months since discharge from the hospital. In 
the other three cases, evidence of infection per- 
sisted during or subsequent to the aureomycin 
treatment. 

It is of interest to note that the strains of strep- 
tococci recovered from the blood stream of cases 
B. C. and A. G. after aureomycin treatment 
showed greater resistance to the bacteriostatic 
effect of aureomycin in vitro than the original 
strain obtained before treatment. The increases 
noted were 16 fold and eight fold, respectively. 
Detailed studies were made of the strain obtained 
from A. G. It was noted that the resistant strain 
grew more slowly in broth and the colonies on 
agar plates containing blood were smaller than 
tliose of the original sensitive strain. All the 
otiicr characteristics tested were identical. These 
obsciA-ations are shown in Table III and Figure 5. 
The changes in growth rate and colonial form are 
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suggestive of those described by Eriksen (1) for 
staphylococci resistant to penicillin. The small 
resistant variants of this streptococcus were un- 
stable and reverted quickly to the fast growing 
aureomycin sensitive type. 

It is quite obvious that in each case the drug 
has some therapeutic effect in that the temperature 
became normal and blood cultures became sterile. 
The reasons for the subsequent reappearance of 
the bacteremia in two of the cases infected with 
organisms quite sensitive in vitro are not now ob- 
vious. The development of increased resistance 
as illustrated in the, two cases B. C. and A. G. 
may have played a part in the ultimate failure in 
therapy but there may be other equall}' important 


factors such as the inability of aureomycin to pene- 
trate the vegetations. 

In summar}', aureomycin is a non-toxic drug 
which may be useful in a variety of infectious dis- 
eases. In our experience the results in urinan' 
tract infections were particularly good. The rela- 
tively slow deterioration of aureomycin in acid 
environments may contribute to its effectiveness in 
this ty'pe of infection. The use of aureomycin in 
combination with other antimicrobial agents was 
not tested. 
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By henry BRAINERD, EDWIN H. LENNETTE, GORDON MEIKLEJOHN, 
HENRY B. BRUYN, JR., and AVILLIAM H. CLARK 

(From the Infectious Disease Laboratory^ of the San Francisco Hospital and the State of 
California Virus and Rickettsial Disease Laboratory, Berkeley, California) 


Aureomycin (1), an antibiotic agent derived 
from Sircplomyces aitreojaciens, has been demonr 
strated to have therapeutic activity against a wide 
variety of bacterial, rickettsial, and viral pathogens. 
In vitro and in vivo activity has been observed 
against most gram-positive cocci, and gram-nega- 
tive cocci and rods (1-6) . In addition, in vivo ac- 
tivity, has been shown against the rickettsiae of 
the typhus, Rocky Mountain spotted fever, scrub 
typhus, and Q fever groups, as well as against the 
viruses of lymphopathia venereum and psittacosis 
(7, 8). Animal toxicity has been noted to be 
very slight (9). 

Successful clinical trials have been reported in 
a wide variety of bacterial and rickettsial infec- 
tions, as well as infections due to lymphopathia 
venereum virus and the causative agent of primary 
atypical pneumonia (4, 6, 10-24), To.xic reac- 
tions have been few and insignificant. Since the 
number of patients reported with each type of in- 
fection has been small, and since all patients were 
treated by the oral or inlramu.scular routes, we 
arc documenting the results of clinical trial of 
aureomycin in 116 jiatients observed since May, 
1^48. 'Many of these iialicnts received aureomycin 
bv the intravenous route. Assays of serum con- 
centrations of aureomycin were carried out in most 
patients by means of a method previously de- 
scribed (251. In 7’itro sensitivity tests on the in- 
fecting organisms were carried out wherever pos- 

’ Pro<( nlc<l at tiu- Secimil National Symposium on 
INci'tit .Advance' in .Antibiotics Research held in Wash- 
ington. n, .April 11-12. 1^4^. miller the auspices ot the 
Antibiotics Study Section. National Institutes of Health, 
Public Health Service. I'ederal Security .Avency. 
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sible. Studies on the clinical pharmacology of 
aureomycin are being presented elsewhere (26). 

MATERIALS AND METHODS 

The majority of the patients represented in the present 
report were treated with aureomycin while hospitalized 
at the San Francisco Hospital or the University of Cali- 
fornia Hospital. In several instances, the patients were 
treated in other locations under the guidance of one or 
more of the present investigators, and laboratory studies 
were carried out under their direction. Most of the viral 
and rickettsial isolations and serological procedures were 
carried out at the State of California A^irus and Rickettsial 
Disease Laboratory. The assays of serum aureomycin 
concentration were carried out at the Infectious Disease 
Laboratory, as were determinations of the aureomycin 
sensitivity of the infecting bacterial organisms (Tables 
la and Ib). 

Ail patients were accepted for inclusion in the investi- 
gative series only when adequate clinical and laboratory 
criteria for diagnosis were satisfied. 

Dosage and Route of Administration 

Adult patients in this series taking aureomycin by 
mouth generally received 1 gram every four to eight 
hours. Most patients received 1 gram every six hours. 
In many infections this dosage schedule may prove to be 
excessive. Several patients suffering from primary atypi- 
cal pneumonia have responded .satisfactorily to 0.5 gram 
every six hours, and 0.5 gram every eight hours seemed 
adequate in one patient whose urinary tract infection was 
due to a moderately susceptible organism. On the other 
hand, large doses may be required to produce satisfactory 
results in patients infected with resistant bacteria such 
as Pseudomonas aeruginosa and Proteus vulgaris, in 
typhoid fever, and in Q fever. 

Sixty -eight “ individuals received 337 intravenous injec- 
tions of aureomycin. In 32/ instances the aureomycin 
was dissolved immediately before injection in a solution 
containing 131 mg. of Mcucine per 5 cc. .A concentra- 
tion of 10 mg. of aureomycin per cc. was used. A 0.784 
per cent sodium carbonate solution appeared to be a satis- 
factory diluent in 10 intravenous injections. As many as 
30 injections of 100 mg. were given in an individual 
patient without untoward re.sult. The individual intra- 
venous dose varied from 40 to 200 mg. Intravenous doses 
of 50 to 100 mg. imve been demon.strated to produce 
serum levels of from 2.5 to 10 /ig. five minutes after 

' This figure includes 12 normal individuals who rc- 
eeiveil intravenous aureomycin in the course of pharma- 
c- i!''.gicnl e.xperiments. 
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injection (25, 26). Concentrations of aureomycin in 
excess of 0.15 per cc. usually persisted from six to 
eight hours. Combined simultaneous oral and intravenous 
treatment resulted in serum concentrations as high as 20 
to 80 /ig. per cc. 

Intravenous medication was used according to two 
general plans: 

1) One or two intravenous doses were given initially, 
often combined with oral doses, to achieve an immediate 
high blood concentration of aureomycin. High serum 
levels of aureomycin often did not appear for one or 
more days when only oral administration was used. 
These initial priming doses were followed by mainte- 
nance on oral therapy (32 patients). 

2) Three intravenous doses, usually of 100 mg., were 
administered at six-hour intervals during the day supple- 
mented by one oral dose at night during the entire course 
of treatment (22 patients). Two patients were treated 
satisfactorily with tliree intravenous injections daily with- 
out supplementary oral medication. 

The therapeutic effects of intravenous medication did 
not appear to differ from those following from oral ad- 
ministration alone in infection due to susceptible agents. 
Treatment by the intramuscular route was abandoned 
following the very frequent occurrence of painful local 
reactions and the demonstration that measurable serum 
concentrations of aureomycin rarely resulted. 

While the relationship of m vitro sensitivity tests of 
infecting organisms and optimum serum aureomycin con- 
centrations to produce favorable clinical response is as 
yet unknown, such in vitro tests in this laboratory par- 
tially helped clarify in which types of infection success 
or failure would be likely to occur. 

In this laboratory most strains of gram-positive cocci 
and C. diphthcriac were sensitive to less than 0.1 pg, 
per cc., according to the method used. Most strains of 
E. coJi, A. acrogates, E. typhosa, Salmoncllac, N. mcn~ 
ingitis, K. pneumoniae, H. influenzae, and Shigeilae 
were sensitive to less than 1.0 pg. per cc. Pr. vulgaris 
and Ps. aeruginosa wore found to be susceptible only 
to from 3.5 to 288 pg. per cc. (26). Spontaneous devel- 
opment of aureomycin resistance following unsuccessful 
treatment was observed in only one instance, that of a 
urinarj- tract infection due to E. coli. In this patient the 
infecting organism was sensitive to 0.21 pg. per cc, before 
the beginning of treatment, while an E. coli recovered 
during relapse was inhibited only by 285 Pg. per cc. 

Toxicity 

Ko serious toxic effects of aureomycin were noted. 
Nausea and/or vomiting occurred in more tlum one-half 
of patients receiving oral doses of 1 gram every four or 
six hours. Occasionally this was sufficiently severe to 
prevent further treatment by this route. Tlut this dis- 
tressing symptom was principally local in cause was evi- 
dc.nccsl by the fact tlu.t only two of (,S patients receiving 
.aureomycin intravc-nously c.xperirnccd nausea anj in 
neither instance was the sjTr.ptcm certainly attributable 
to mcs'.ication. Patients receiving three ir.travcr.ras tni 
one oral dcse per day did net experj«rc tinnincant 


nausea. On several occasions positive guaiac reactions 
for occult blood were observed in the stools of patients 
receiving aureomycin by mouth. Nausea occasionally 
subsided spontaneously in spite of continuation of oral 
therapy. Aluminum hj’droxide gels at times appeared 
to give relief, as did sedative and antispasmodic medica- 
tions. Frequent or loose stools were commonly observed 
but did not prevent continuation of therapy. The scrum 
concentration of aureomycin bore no relationship to un- 
toward gastrointestinal manifestations. 

Maculo-papular, urticarial, or scarlatiniform rashes 
were observed in six patients. In two of these the rash 
could have logically been ascribed to some other cause 
than aureomycin medication. Drug fever was considered 
a possibility in two instances. Vertigo occurred in two 
patients receiving aureomycin intravenously after only- 
short periods of treatment and in the absence of unusu- 
ally high blood concentrations. The significance of this 
observation is uncertain. “Black tongue” occurred in 
two patients. Two instances of glossitis in association 
with rashes were noted. Local spasm of veins during 
injection was observed very rarely. No sloughs resulted 
from extravasation outside the vein. Erythema and 
pruritus of the perineal area occurred in ^our patients. 
Intramuscular injection of aureomycin dissolved in Soren- 
son’s phosphate buffer (pH 7.4) and combined with 2 
per cent procaine almost invariably resulted in severe, 
painful, local reactions. 

RE,SULTS 

Typhoid, SahnoncUa and Shigella Infectious 

In this group of patients, tlie results following 
aureomycin therapy were variable, and for the 
most part could not be interpreted as showing a 
therapeutic effect of the drug. However, in cer- 
tain cases the results were such as to convince one 
that the drug liad been of specific clinical value. 

In one of two carriers of E. typhosa who liad no 
clinical disease, there was temporary absence of 
the organism during aureomycin Ihcrapy. The 
second carrier showed no change in the stool cul- 
ture for E. typhosa. In a third patient who de- 
veloped a biliary fistula following cholecystectomy 
and who showed the presence of E. typhosa in !>oth 
feces and in the discharge from the fistula, tlicrc 
was healing of the fistula and nholition o: tiic fcc.-.l 
carrier .<tatc following aureomycin tli-rripy. 
term follow-np of this case liac :y.'. cfcigdrtcd 
at this time. 

In nine ca'-cs o: acute t);.;-.'A! fe-.'T. f -.'y f.-.o 
showed a response ;n aurcon-,*, rin tl'-.w/ v, Tl'.' 
first o: these p-atients, L. V.'., v. ;y c -rr'- is sum- 
nLari.’cd in Figure ! r.n-! givm in l-r!- 
a Zi-n-.cr.'.h-C’M ch.i'i v.h.o v.r." str.rtr: c'; enr'-'- 
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mycin on the 16th day of fever at which time the 
blood culture was positive for E. typhosa. She 
was given 1.0 gram of the drug daily and her 
temperature was within normal range in 48 hours. 
Her blood culture became sterile the day after 
therapy was started. 

Case 1. L. W., white, female, age 21 months. This 
inf.mt entered the University of California Hospital on 
June 22, 194S. On June 14 she had developed chills, 
fever and prostration which had continued unabated until 
hospital admission. blood culture taken before entry 
proved to be positive for E. typhosa. 

Physical examination revealed the rectal temperature 
to be 39.4“ C. The child appeared severely ill and was 
irritable and uncooperative. No other positive physical 
findin/.';'' were noted. 

Urinalysis was negative. Complete blood count showed: 
Hc:n 11.0 iirams per cent; red blood cells 4,100,000 
per cn’.ic mn;,; uh.ite b!ia>l cells Id, 000 per cubic mm.; 
n-v.trt.'p'-.il'.-s 74 pt.r cent; lymph.'acj'te.s 20 per cent; mono- 
Ot.M fi t'.-r cent. 11! ■<'<! cultures taken on June 24 and 
June 27 v. rre p-.i-itive fir E. iyphosrt. Stcya! cultures on 
Jv.'.y 2 an 1 July 7 v.crc negative. Urine culture on June 
22 rcve.-.lrd i ."!y erntanuTrating E. cc’:. 


to June 27. On June 27 aureomycin therapy was begun. 
The patient received 0.16 gram by mouth every four 
hours until July 3. The temperature became normal in 
48 hours and simultaneous general improvement was 
noted. Blood culture 24 hours after the institution of 
aureomycin was negative and the blood stream remained 
sterile thereafter. On July 2 and 3 an urticarial rash 
appeared over the trunk and faded spontaneously. The 
child had previously had urticaria after ingestion of 
several different foods. The possibility of aureomycin 
sensitivity remained uncertain. Further convalescence 
was uneventful. 

The Other patient showing a favorable response 
was also a child, age 22 months, who was started 
on 1.0 gram per day in four daily doses on the 
13th day of disease at which time the blood culture 
was positive for E. typhosa and the temperature 
was 104° F. Her temperature dropped to below 
100° F. within 48 hours and was within normal 
range within four days. There was marked symp- 
tomatic improvement within 48 hours. 

Another patient was treated for a short time 
witli aureomycin and then Chloromycetin therapy 
was instituted. During aureomycin therapy the 
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TABLE I-A 


Summary of the results of aureomycin ireoimenl 
in bacterial infections 


Disease 

Totai 


Results 


cases 

Good 

Equivocal 

Poor 

Urinary tract infections 

13 

10* 

1 

2 

Brucellosis 

3 

2 

— 

I 

Chancroid 

4 

4 

— 

1 

Typhoid fever 

9 

2 

3 

4 

Typhoid carrier 

3 

; — 

1 

! 2 

Salmonellosis 

4 

1 

3 

1 

Shigellosis 

1 2 

2 

1 

— 

Leptospirosis 

1 

1 

1 

— 

Pneumonia, pneumococcal 

2 

1 

— 

Pneumonia, staphylococcal 

I 

— 

1 

— 

Septicemia, pseudomonas 

1 

— 

— 

1 

Erysipelas 

1 

I 

I 

— 

Subacute bacterial endocar- 

2 


2 ! 

— 

dltis. Streptococcus 
fecalis 

Peritonitis, generalized 

2 

2 



Pelvic abscess — E. coK 

1 

— 

1 

— 

Post-operative fecal fistula 

1 

— 

— 

1 

Pyoderma — staphylococcal 

1 

I 


— — 


* Five patients had recurrences or reinfection. 


blood culture became negative but the temperature 
course was unchanged. Two days after Chloro- 
mycetin was started the temperature had dropped 
to within normal range and remained there. This 
case is summarized in Figure 2 and given in detail 
as follows : 

Case 2. N. S., white female, age 43 (SFH 74120). 
Two weeks before admission to the San Francisco Hos- 
pital on March 9, 1949, this patient had noted the sudden 
onset of fever following the extraction of an abscessed 
tooth. She was admitted to another hospital where she 
had had slight diarrhea. Her blood culture was found 
to be positive for E. tyfhosa and her Widal test was 

TABLE i-n 


Summary of the results of aureomycin treatment irt 
rickettsial, viral and miscellaneous infections 



Totnl 
no. of 
cnr-r< 

Results 

.. . 

1 j 

Good 

Kqui vocal 

Pocr 

Q fever 

29 

IS 

4 

7 

I’rim.-iry .ntypicil pneumonia 

16 

!3 

3 

— 

IVittaco'is 

3 

3 



— 

Hcn>c?i rcpstcr 

1 

1 




\ .ancvll.a 

*> 

— 

1 

J 

I.vmphopit hi.i venereum 

1 

J 



Infcctiou-; mononucleosis 




5 

- 

I'ncumorii.a — Uniictcrmined 

6 

2 

2 

2 

etio’.ozv 





IVmph.ieus 


j 

2 i 

I 

Priin.ar)' civddioid.rl 

1 

— : 

— 1 

1 

{■’tdruftinnla 






positive in a dilution of 1 : 320. She rvas then trans- 
ferred to the San Francisco Hospital. 

Past history was irrelevant. Examination at the time 
of admission revealed the temperature to be 40° C., pulse 
100 per minute, respiration 24 per minute. The patient 
appeared toxic and lethargic, but was readily aroused. 
Numerous fresh rose spots were present on the abdomen. 
The spleen was not palpable. Physical examination was 
othenvise negative. 

Urinalysis revealed one-plus albuminuria. Complete 
blood count showed: red blood cells 4,200,000 per cubic 
mm.; packed cell volume 34 per cent; white blood cells 
3,800 per cubic mm.; neutrophiles 66 per cent; cosino- 
philes 2 per cent; lymphocj-tes 32 per cent. Blood cul- 
ture was positive for E. typhosa. Urine and stool cultures 
were repeatedly negative for pathogens. Agglutinations 
with typhoid H and 0 antigens were both positive in a 
titer of 1 : 160. Chest X-ray was negative. 

On March 11 the patient was started on aureomycin. 
She received 100 mg. intravenously every six hours. 
One oral dose of 1 gram was substituted for the night 
intravenous dose. Aureomycin was continued until March 
14. Although the blood culture had become negative by 
March 12, no effect on the temperature or condition of 
the patient was apparent. On March 14 the patient was 
begun on Chloromycetin. She received 1 gram every six 
hours by mouth until March 16 when the dose was 
changed to 0.5 gram everj- three hours by mouth. By 
March 17 the temperature bad become normal and the 
patient appeared improved. She remained afebrile there- 
after. Chloromycetin was discontinued on March 21, 

In four of the remaining patients witli acute 
tj'pboid fever, aureomycin therapy seemed to have 
caused a slight effect on the fever curt’c which 
could be interpreted as a temporary suppression 
of the infecting organism. In these patients the 
therapy caused no change in (he course of the 
disease. 

In four cases of infection due to organisms of 
the Salmonella group, unequivocally good rc.-^ults 
were obtained in only one, that of a septicemia 
without enteritis due to SaltnonrUa selioltvr.iUrri. 
In this case, that of a 15-month-old male, peni- 
cillin, streptomycin, and sulfadiazine had h.ari no 
effect on the blood culture whid! became negative 
4S houns after starting attreomycin, 'i'h.e tenij/^-.m- 
turc came to within normal rae.ge after a tittiilar 
interval. The [••ossihility ilia; ti;i‘ apparer;; re- 
sponse to the flrug represents Z re- 

cover}- i- admitted hut the .'.aj'idity <•; ih*- 
turc rc.-t-cm'-c led tt' to cor.r!v.'!e tl at it p;--h- 
aldy a th,er.ap-f.itic tffer:. 

in three ravf*- of enteriti'^ tp.m t - entcri 
S. t\'f r.itnz:r^'.'iK ae.d S.'l. ttre'-d.Vr: e -'z! rr- 
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Fig. 2 



suits were noted. S. entcriditis and 5". schottmul- 
Icri were not found in the stool cultures during 
treatment but promptly reappeared when therapy 
was stopped. In the case of S', typhunurium, the 
organism was not found in the stool after starting 
aureomycin and there was no recurrence. 

Two cases of Shigella infections have been 


treated, both with apparently good immediate re- 
sults. A four-year-old girl with dysentery due to 
Shigella showed prompt bacteriological and clinical 
response with no recurrence following cessation of 
therapy. In the second case, a four-year-old boy 
with dysentery due to Shigella flexner, tlie stool 
cultures were free of this organism 24 hours after 


TABLE II 

The effect cj aureomycin on infections of the urinary traci 


I’atknt 


InffCtinR orennisma Anatomical lesions Result 

A.cerozcnes _ None Rapid sterilization 

Strep, fecalis, E. CoU, P. vulgaris None Rapid sterilization 

Staph, aureus. Strep, fecalis None _ Rapid sterilization 

P. vulgaris Pyelcctasis Rapid sterilization 

Ps. aeruginosa. Staph, aureus Uretcroplasty Sterilization; later recurrence of both organ- 

isms 

Ps. aeruginosa, .-1. ceroger.es Possible vc.sico-\'aginal Sterilization; later recurrence of pseudomonas 

fistula 

Ps. aeruginosa Uretcroplasty Sterilization; later recurrence 


Ps. aeruginosa. Strep, fecalis 
Ps. cerursr.o; a 



Urethral valve Sterilization; later reinfection with E. coli 

Hydronephrosis Sterilization; no follow-up 

Hydronephrosis Sterilizatjon; recurrence with resistant variant 

Hydronephrosis _ Sterilization; no follow-up 

Hyd.'onephrosis and calculi Suppression and disappearance of fever 
Hydroneph.-osis No e.fiect; received only 1.5 grams orally 

Cord bladder No efTect; received only 100 mg. intravenously 
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starting aureomycin but the diarrhea continued 
for three more days. Long term bacteriological 
follow-up of this second case has not been 
completed. 

While the total number of cases of infection due 
to organisms of the Typhoid-Salmonella-Shigella 
group is not large, it is probably a safe conclusion 
that, in our hands, aureomycin has been of doubt- 
ful value in most cases. 

Injections of the .Urinary Tract (Table II) 

Aureomycin has been reported as favorably af- 
fecting infections of the urinary tract by others 
(14, 17, 24). Fourteen individuals with urinary' 
tract infections, in all instances previously treated 
unsuccessfully with sulfonamides and other anti- 
microbial agents, were selected for therapy with 
aureomycin. In 11 of these patients chronic in- 
fection was certainly or probably associated with 
obstruction of the urinary passages. Three pa- 
tients suffered from acute non-obstructive infec- 
tions. All of the latter group responded quickly 
by sterilization of the urine and disappearance of 
symptoms. While temporary sterilization of the 


urine was accomplished in 10 patients in the 
former group, excepting two who received very' 
small amounts of aureomycin, relapse or reinfec- 
tion occurred in all patients in whom follow-up 
cultures were obtainable. In only one instance 
was decrease in the sensitivity of the organism to 
aureomycin isolated during relapse observ'ed. It 
was felt that aureomycin controlled the infection 
in the instances of hydronephrosis of pregnancy so 
that the fetus could be carried to term. In one 
instance pyelolithotomy was successfully accom- 
plished during a period of suppression of infection 
by aureomycin. Infections due to Pseudomonas 
aeruginosa proved to be the most difficult to treat 
successfully. 

Brucellosis 

Three cases of brucellosis have been treated with 
aureomycin in the present investigation. Spink 
(18) has reported on 24 cases of brucellosis treated 
with aureomycin with favorable results. 

The first case in the present report was that of 
a 21-year-old female who was treated for a period 
of 23 days starting on about the 63rd day of the 
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disease. Her response was very satisfactory and 
the course is summarized in Figure 3 and a de- 
tailed case history follows. 

Case 3. R. Y., white, female, age 21 (SFH 39899). 
The patient entered San Francisco Hospital on December 
16, 1948, stating that she had had progressively severe 
bouts of nocturnal fever and sweating accompanied by 
joint pains for six weeks. In addition she had developed 
frequent nausea and vomiting and occasional epigastric 
pain during these episodes. Six weeks previous to the 
onset of her illness she had returned from several months’ 
stay in Mexico. Her past history was irrelevant. 

On examination the temperature was found to be 
38.4° C., pulse 120 per minute, respiration 21 per minute. 
The patient appeared severely and chronically ill. There 
was slight generalized lymphadenopathy. The liver edge 
was palpated 3 cm. below the right costal margin. The 
spleen extended 7 cm. below the left costal margin. 
Physical examination was otherwise essentially negative. 

Urinalysis revealed minimal albuminuria. Complete 
blood count showed; Hemoglobin 10 grams per cent; red 
blood cells 3,410,000 per cubic mm.; white blood cells 
1,450 per cubic mm.; neutrophilcs 64 per cent; lympho- 
cytes 38 per cent. Corrected sedimentation rate (Win- 
trobe) was 17 mm. per hour. Stool was negative for 
occult blood and pathogens. Chest X-ray, tuberculin and 
coccidioidin skin tests were negative. Agglutinations for 
typhoid and paratyphoid were repeatedly negative. Com- 
plement fixations for Q fever and psittacosis were nega- 
tive. Brucella agglutinins were present in a titer of 
1:320 on December 23, 1948 and gradually rose to 
1:1,280 on January 10, 1949. After repeatedly sterile 
blood cultures. Brucella mcliteusis (type H2s) was iso- 
lated on January 3, 1949. On January 5 the patient 
received 50 mg. of aureomycin orally every six hours. 
On the following day this was increased to 250 mg. 
The patient received 1 gram every six hours from Jan- 
uary 7 to January 28, and then 0.5 gram everj’ six hours 
until January 30. Rapid defer\'esccnce occurred within 
48 hours although the patient continued to run a low- 
grade fever until January 22. Symptomatic improve- 
ment coincided with the febrile response. On January 29 
the patient had a chill followed by a transient febrile rise 
and was noted to have a macular rash over the entire 
body which faded rapidly by the next day. This patient 
has since remained entirely well. 

Tlie sccomi case of brucellosis was that of a 32- 
year-old nian whose treatment was started on the 
15th day of disease and who received 4 grams per 
day for 13 day.s. The diagnosis in this case was 
based on a rise in Brncclla agglutinin titer of from 
1: 5' “I o'.i tl’.e sixth day of disease to 1;2,5G0 on 
tire 13tb. day of the disease. His temperature, 
v.b.iv-l; b.a'i ra:;gcd around 100' to 103° F. for 15 
d.o. <. tell to witb.in normal limits within 48 hours 


The third individual, a 39-year-old woman who 
had had chronic brucellosis for four years, received 
4 grams per day for 13 days after a preliminary 
three-day period during which she received 250, 
500, and 750 mg., respectively. Amelioration of 
subjective symptoms was marked and almost im- 
mediate. Her expected bouts of low-grade fever 
did not occur during treatment or for two weeks 
afterward. At that time she again developed 
malaise and occasional low-grade fever. It was 
considered that aureomycin had probably exerted 
temporary suppressive effect on the infection. 

Leptospirosis 

Heilman (27) reported that aureomycin ex- 
hibited greater therapeutic effect on experimental 
infection with Leptospira icterohemorrhagica than 
did penicillin. A single severely ill patient was 
treated with aureomycin administered intra- 
venously and orally from the sixth to 17th day of 
illness. Prompt amelioration of the symptoms ap- 
peared to result. The blood urea declined from 
120 mg. per cent to 24 mg. per cent within one 
week. Liver function returned to normal more 
slowly. Although the rapid improvement could 
not certainly be attributed to aureomycin, it was 
felt that specific anti-spirochaetal effect was most 
likely. This case is presented in detail. 

Case 4. J. J., white, male, age 42 (SFH 5389). This 
patient was brought to the San Francisco Hospital in an 
unconscious state on January 26, 1949. His wife stated 
that he had developed fever, chilly sensations, and malaise 
four days previously. He complained of severe aching 
in the shoulders, back and knees. He lost his appetite 
but did not vomit. His skin became yellow and his 
vision was blurred. On the morning of entry his speech 
became confused. Shortly thereafter he had three gen- 
eralized convulsions and lapsed into coma. The patient 
was a sewer worker and had frequently encountered rats. 

On examination his temperature was 37.8° C., pulse 
was unobtainable, respiration 22 per minute. He was 
completely unconscious. The skin and sclerae were 
icteric. Clotted blood was present in the right naris 
The liver dullness extended three fmger-breadths below 
the right costal margin. The spleen was not palpable. 
The reflexes were slightly more active on the right. 
During the 24 hours following hospital admission numer- 
ous subconjunctival hemorrhages appeared and purpuric 
spots were noted in the skin. The patient became semi- 
conscious but remained confused. 

Dnnalysis revealed mild albuminuria and a few hyaline 
and granular casts. Bile was absent. Hematological 
studies showed: packed cell volume-35 per cent; white 
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TABLE III 

Liver and kidney function in palienl with leptospirosis treated with aurcomycin 


Date 

Jan- 20 

Jan. 27 

Jan. 2B* 

j Jan, 31 j 

Feb. 2 

Feb. 3 

Feb. S 

Feb. is 

Feb. 25 

Icteric inde.v, units 

125 

135 

ISO 

163 

132 

— 

SO i 

24 

17 

Blood urea, mg. per cent 


120 

75 

21 


52 

24 



Cephalin flocculation 

4-++ 

+ + + 

+ 4 — h 

1 ++ + + 







* Treatment started 


blood cells 13,650 per cubic mm.; neutrophiles 87 per 
cent; lymphocytes 13 per cent. A spinal puncture re- 
vealed a xanthochromic fluid containing 6,250 red blood 
cells per cubic mm. On January 28 Leptospira were 
demonstrated by darkfield examination of the blood. Ag- 
glutinins for L. canicola were present in a dilution of 
1 : 100. No agglutinins for L. icterahemarrhagica were 
present. Darkfield examination of the blood on January 
29 was again positive. Agglutinins for both L. canicola 
and L. icterohemorrhagica were present in a titer greater 
than 1 : 10,000 on February A. Complement fixation re- 
actions for Q fever and psittacosis were negative. 

On January 28 the patient was begun on aurcomycin 
therapy. He received 1 gram orally every six hours un- 
til February 8. In addition, 100 mg. were administered 
intravenously three times daily during the first five days. 

The patient’s sensorium cleared rapidly and his appe- 
tite and strength returned. The icteric index and blood 
urea were gradually decreased. The patient had little 
fever at any time after hospital admission. (See Table 
III.) 


Q Fever 


Twenty-nine patients, proven by serologic or 
animal tests to have Q fever, have been treated to 
the present time. A large number of these cases 
have been presented in a separate report (13). In 
19 patients the drug was given orally. Two were 
treated by intramuscular injections and seven pa- 
tients were treated by both the oral and intra- 
muscular routes. One individual has been treated 
by the combined oral and intravenous routes. 

The two patients treated by the intramuscular 
route alone recovered quickh' but no conclusions 
can be drawn. They were treated early in this 
study and with what is now considered an inade- 


quate dosage. 

Fourteen of the 19 patients receiving aurc< 
inycin hy the oral route alone were treated withi 
seven days of onset of their illnes.L Treatment i 
the rcm.aining four patients was begun on the lOt: 
loth. 17th. and 23rd days, respective!", after ons; 
of illt'.css. Six p,atic.nt5 bec.amc afebrile witltin 3 
h.ours after in^^titutic:: of tr.crapy r.ad sever, withi 


72 hours. Fever persisted in three patients for 
five daj'S, however, in one for eight days, and in 
one for ' 1 3 days after beginning of treatment. 
The remaining individual had suffered an attack 
of Q fever two months previously and had con- 
tinued to run a low-grade fever. Because of this 
persistent fever, he was treated with aurcomycin 
orally for nine days and became afebrile on the 
first day of treatment. His fever did not recur 
and there was marked subjective improvement. 

Therapy by the oral and intramuscular routes in 
six patients was begun on the third, fourth, sev- 
enth, tenth, 14th and 27th days respectively, after 
onset of illness. Temperature returned to norma! 
in these six patients within 25, 26, four, 25, five 
and 18 days, respectively. Four of these patients 
were severely ill and large amounts of the anti- 
biotic were given ; because of severe nausea three 
of these individuals tolerated the drug poorly. 
The seventh patient in this group had run a pro- 
longed convalescence with low-grade fever follow- 
ing an acute attack of Q fever nine weeks before ; 
he became afebrile on the first day of treatment 
and remained afebrile. 

One severely ill individual was treated by the 
combined oral and intravenous routes. He re- 
ceived a tola! of 2,100 nig. parcntcrally and 40.0 
grams orally in two cour.^cs over a ]>erio<l of eight 
days. Treatment was begun on the 16',!i day of 
illness; 29 days later the patient remained febrile 
but improved, and the drug .appeared to l;,avc had 
little effect on tlie course of the illness. 


Prinxery Atypical Pv.cuuxor.ia 

In the p-'csent i.avcstigatio.n there were 10 
ticr.ts treated witli r.urcomvcin clini al 

course .and piiysica! t'r.dim’s were «;;?•; rn to •.•..ar- 
rant a r.ir.gno'i'; «■; printr.rv atv real 'neurn ria 
(25). Thc.'e jetient' r.'.l 1.:.-! er,! r ’-r t- 

ger.o'e.gic ev-'lcr.ce c f ; aenr;-. r.fr. ; a f La! v.! 
Mr-:':: c:un: cf l-ria'.v 15.0. 0* r.:.-! t'.'r r-ri.'ur- 
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cordings of at least 102° F., before therapy was 
instituted. Several of these patients were excep- 
tionally ill and none of those treated with penicillin 
had shown any improvement. Of the 11 patients 
from whom serum specimens were obtained at 
appropriate times there were seven who showed 
a cold agglutinin titer of 1:40 or more. Each of 
the two most severely ill patients had titers of 
1 : 640, the remainder falling between 1 : 40 and 
1:60. 

In 14 of the 16 patients there was prompt initial 
symptomatic improvement and return of tem- 
perature to within normal range within 72 hours 
following institution of aureomycin. There were 
several whose response was extraordinarily rapid. 
The remaining two patients while showing clinical 
improvement remained febrile for somewhat 
longer periods. One patient appeared to relapse 
after drug had been stopped following good initial 
response. One of the patients who had shown a 


good initial response appeared to relapse after 
the drug had been stopped, with return of low- 
grade fever and an increase in the X-ray evidence 
of pneumonia. This sequence of events has been 
observed to occur in other patients treated with 
aureomycin in another study (29). There follows 
a detailed case history of a patient with primary 
atypical pneumonia in whom treatment was car- 
ried out by the intravenous route alone. This case 
is summarized in Figure 4. 

Case 5. T. B., white, male, age 17 (UCH 163710). 
This patient entered the University of California Hos- 
pital on February 25, 1949, complaining of a dry, hacking 
cough of two weeks’ duration. On the day preceding 
hospital admission he had developed substernal pain and 
fever, and cough had become productive of a moderate 
amount of yellowish sputum. He had had asthma as a 
child but had suffered no attacks during the past 10 years. 

On e.xamination the temperature was 38.5° C., pulse 
100 per minute, and respiration 20 per minute. The pa- 
tient did not appear acutely ill but coughed frequently. 


Day of 
disease 
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Day of 
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Fig. S 


Squeaking fine and coarse rales were heard in both lung 
bases posteriorly. Physical examination was otherwise 
within normal limits. 

Urinalysis was normal. Complete blood count showed: 
Hemoglobin 16.5 grams per cent; red blood cells 5,100,000 
per cubic mm.; white blood cells 14,150 per cubic mm.; 
ncutrophilcs 77 per cent; lymphocytes 12 per cent; mono- 
cytes 11 per cent. Corrected sedimentation rate (Win- 
trobc) was 17 mm. per hour. Throat culture was nega- 
tive for pathogens. Chest X-ray revealed pneumonitis in 
both right and left lower lobes. Cold agglutinins were 
present in a dilution of 1 ; 20 at the time of entrj'. This 
titer rose to 1 : 80 five days later. 

100 mg. of aureomyein in leucine diluent was ad- 
ministered intravenously every eight hours from February 
26 to Mareh 1. The patient became afebrile and im- 
proved s>Tnptomatical!y within 24 hours. The rales dis- 
appeared from the chest by Fcbruaiy 27. A clicst film 
on March 2 revealed almost complete clearing of the 
previously noted pneumonitis. 

Psiltacosis 

Trial of aureomyein in psittacosis was of par- 
ticular interest because laboratorj- investigation 
suepested that this drug was highly cfTeclivc in 
(7). Pesticillin has been found to be an ef- 


fective therapeutic agent in a small number of re- 
ported cases as reviewed by Goggio (30). A 
larger number of cases with favorable tlicrapcutic 
response is unreported (31). 

Three patients with a diagnosis of psittacosis 
have been treated with aureomyein. In one the 
diagnosis was established by isolation of the vinis 
and demonstration of an increase in complement- 
fixing antibody titer. The second diagnosis was 
based on the presence in the convalescent scrum 
of complcmcnt-fi.xing antibody in a titer of 1 :256. 
In the third, the diagnosis was based on a history 
of contact with infected birds, typical clinical 
course, and the fact that the patient's wife, v.h.o 
was ill at the some time, was sh.own to h.avc a 
complement-fixing titer of 1:6-1. Th.is j--.t:en; 
himself did not develop complc.mcr.t-nxi.ng .anti- 
body in significant titer. Tb.c di.agnosis i:: tr.e !a»t 
two patients must be considered incornrletrly f,- 
tablished. All tfircc oi J/'.c.'c 
respond to aureomyein t.hcrapv, 

Th.e first care. M. F.. is jresentr-! ::: tlrtr.i! f-'- 
low (Figure 5). 
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Case 6. E. F,, white, female, age 64 (SFH 25740). 
The patient entered the San Francisco Hospital De- 
cember 12, 1948, giving a history of anorexia of four 
weeks’ duration followed by generalized aching and 
malaise for the three weeks preceding hospital entry. 
Two weeks before admission she developed a severe pro- 
ductive cough and high fever accompanied by sweats. 
On October 26, 1948, she had been given a parakeet 
which died one week later. No other members of the 
household had been ill, but two cases of psittacosis had 
recently been diagnosed as arising from parakeets ob- 
tained from the same source. 

Past history was irrelevent except that the patient had 
had chronic productive cough for 40 years. 

On examination the temperature was 39.5° C., pulse 86 
per minute, and respiration 32 per minute. The patient 
appeared severely ill and drowsy. Dullness, diminished 
breath and voice sounds and fine and medium rales were 
noted over both lower lung lobes. Physical examination 
was otherwise essentially negative. 

Urinalysis was normal. The blood count showed: 
Hemoglobin 11.2 grams per cent; red blood cells 3,210,000 
per cubic mm.; white blood cells 5,150 per cubic mm.; 
polymorphonuclear leukocytes 60 per cent; eosinophiles 2 
per cent; lymphocytes 38 per cent. Corrected sedimen- 
tation rate (Wintrobe) 42 mm. per hour. Mazzini test 
was negative. Blood culture was sterile. Throat cul- 
ture revealed no pathogens. Stool culture was negative. 
Sputum was repeatedly negative for tubercle bacilli. 
Cold agglutinins were not demonstrated on December 16 
and December 22. Complement fixation reaction for 
psittacosis was positive in a titer of 1 : 12 on December 
14 and rose to 1:64 within a week. Psittacosis virus 
was recovered from the sputum by inoculation of cotton 
rats and mice. Agglutinations for typhoid, paratyphoid, 
and brucellosis were negative December 13 and 14. 
Complement-fixation for Q fever was negative. Chest 
X-ray revealed patchy accentuation of pulmonary mark- 
ings radiating from both hila which was believed com- 
|)atiblc with bronchopneumonia. 

The patient received 300,000 units of penicillin pro- 
caine comple.x twice daily on December 13 and 14 at 
which time virus was still demonstrable in the sputum 
and fever unabated. On the evening of December 13 
the patient was started on aurcomycin 1 gram by mouth 
every six hours which she received until December 22. 

50 nuT. was administered intravenously at the time 
of tlie first oral dose. The patient became afebrile 
within 24 hours and remained so subsequently. Sympto- 
m.atic in'.provemcnt was prompt altliough the patient suf- 
fered from nausea and occasional vomiting considered 
due to aurcomycin which was severe enough on one occa- 
sion to r.ece'dtatc an intravenous dose of 100 mg. On 
Pecem’KT 17 th.c c'.te't was negative to physical txamina- 
t! u!. Cihes: film taken cut Dccc.m’uer IS showed marked 
diu'.iu.v.ti m. cf th.e ir.ilanmntory reaction previously seen. 
T !•,? pati-nt was diwh.arged, as well on December 27. I94S. 

Tiu: sco.'-t'.d patie::t, a male a^ed oS years, was 
treated '.vitl; ai’.rcorr.ycin on the 12ch day of the 


disease and, following failure of response to reposi- 
tory penicillin, showed prompt symptomatic im- 
provement. The temperature, which had been as 
high as 105° F. before therapy, dropped rapidly 
but a low-grade fever persisted for eight days. 

The third patient, a male aged 47 years, who was 
admitted to the hospital on tire fifth day of the dis- 
ease, was treated with repository penicillin in doses 
of 300,000 units twice a day for five days. At the 
time penicillin was stopped the patient’s tempera- 
ture was 102° F. During the following three days, 
the patient’s temperature fell gradually to normal 
but rose again to a level of 104° F. on the 15th 
day of the disease. Following institution of aureo- 
mycin therapy at this point, the temperature fell to- 
below 100° F. within 48 hours and, with the ex- 
ception of a single spike, remained below 100° F. 
thereafter with occasional temperature elevations, 
to 99.4° F. until the 23rd day of illness. Within 
two days after starting the drug, marked sympto- 
matic improvement was noted. These cases il- 
lustrate relatively poor response to repository 
penicillin and subsequent good response to aureo- 
mycin. 

Miscellaneous Diseases 

A small group of patients suffering from bac- 
terial pneumonias and pneumonia of unknown eti- 
ology was treated with aurcomycin. In addition, 
one patient with proven primary coccidioidal pneu- 
monia received aurcomycin in full dosage for five 
days without demonstrable effect. Of two patients 
with pneumococcal pneumonia, one became afebrile 
within 12 hours ; the other continued to have low- 
grade fever after an initial critical response until 
the introduction of penicillin treatment. One 
child who had chronic cystic fibrosis of the pan- 
creas on which staphylococcal pneumonitis was 
superimposed evidenced slight temporary depres- 
sion of fever followed by relapse. In five patients 
with pneumonia of unproven etiology response to 
aurcomycin varied from none to excellent. One 
patient died of septicemia and pneumonia due to 
Pseudomonas aeruginosa in spite of e.xcecdingly 
higii scrum levels of aurcomycin during one and 
one-half day’s treatment. 

Tu-o patients with generalized peritonitis of ap- 
pendiceal origin, but whose infecting organisms, 
v.-cre unknown, responded satisfactorily to aureo- 
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mycin after becoming worse while under penicillin 
therapy. One patient with a peritoneal abscess, 
from which E. coli was cultivated, recovered 
promptly but the beneficial result was probably 
not attributable entirely to aureomycin, since col- 
potomy was done. One chronic fecal fistula fol- 
lowing appendectomy did not close during two 
weeks treatment with aureomycin. 

Dramatic healing was observed in an infant suf- 
fering from chronic pyodermia due to a penicillin- 
resistant staphylococcus. One of three patients 
with pemphigus appeared to go into remission 
while being treated with aureomycin, but new le- 
sions developed 12 days after treatment was 
stopped. Another patient with pemphigus was 
treated during a period of apparent spontaneous 
improvement, making the result difficult to evalu- 
ate. A third patient did not improve. One patient 
who had herpes zoster ophthalmicus healed dra- 
matically within one week of the beginning of 
aureomycin treatment. No apparent beneficial 
effect was observed in one patient who developed 
varicella while receiving aureomycin. Another 
patient with chickenpox developed no new lesions 
after aureomj'cin was begun on the second day of 
eruption. One patient who had erj^sipelas re- 
sponded satisfactorily to aureomycin. The fever 
and bacteremia in two patients suffering from sub- 
acute bacterial endocarditis due to penicillin- 
resistant Sircpiococcus fccalis disappeared during 
treatment with aureomycin but recurred one and 
seven days respectively after the termination of 
long courses of therapy. In one of these patients 
the blood culture became sterile only after scrum 
concentrations of aureomycin of 10 to 20 /<g. were 
attained. 

Four patients with primary- chancroidal ulcers 
of the penis and , inguinal adenitis responded 
promptly to aureomycin therapy by rapid healing 
of the ulcers and subsidence of adenitis. One pa- 
tient with inguinal adenitis due to Ijanphopathia 
Ycticrcum also appeared to rcsjwnd satisfactorily. 

No definite thcrajieutic effect was obscr\-cd in 
three patients suffering from infcctiou.« mono- 
nucleosis. One jiaticnt with .stomatitis, balano- 
urclhritis, camjnnctivitis. and arthritis did not 
manifest therapeutic effect from ntircornycin. No 
bcncticinl effect was observed from tlic treatment 
of Ilodgkin'.s disc.'.'^c. acute Icnkcmi-., or carci- 
no.'tn o; tb.c jxarotid gh:ui. 


DISCUSSION 

Available data indicate that aureomycin will as- 
sume an important place in the physician’s arma- 
mentarium. Its role as the preferred agent in the 
treatment of primary at 3 'pical pneumonia, psitta- 
cosis, leptospirosis, and infections of the urinary' 
tract by Streptococcus jecalis seems likely to be 
established. The rarity of development of drug- 
resistant organisms would suggest its curative or 
suppressive value in the treatment of urinary 
tract infection due to susceptible organisms cither 
in the presence or absence of obstructive lesions. 
Preliminary data would also indicate the promise 
of aureomycin in chancroid and lymphopathia 
venereum infections. Although acute brucellosis 
appears to be generally amenable to treatment with 
this antibiotic, its value in chronic brucellosis re- 
mains to be proven. In spite of excellent results 
in the majority of Q fever infections, treatment 
failures have been encountered. Results reported 
by others in typhus and Rocky Mountain spotted 
fever in small series of patients appear even more 
favorable (6, 10, 14, 16, 19, 22, 24). As yet inade- 
quately explored is the place of aureomycin in the 
treatment of herpes zoster, varicella and herpes 
simplex. 

As an alternative agent to penicillin in infections 
due to gram-positive cocci and Neisscriac. aureo- 
my'cin offers great promise, especially wiicrc ])cni- 
cillin resistance is encountered. Furthermore, 
because of its very wide spectrum of activity, 
aureomycin may assume a dominant role in tiie 
treatment of acute infections where the c.xact etiol- 
ogy is unknown, as in ‘‘atypical” pneumonias of all 
sorts. The relative value of aureomycin an.d .strep- 
tomycin in the treatment of infections due to gr.atti- 
negative organi.'m.s su-sccptiblc to ijotli agents can- 
not yet be estimated, hut at least aureoitiycin wii! 
serve as an alternative agent in thi.'^ field, C.Ven- 
parison of aurcomyciti .and d:!o.o,:nyc' tin in t!-.'.- 
treatment o; rickettsial attd c* rt.aii; viral r.T;d 
Icriai disea^e5 must av.ait c.are.'uliy c.-'n:r<.l!''d 
studies. 

In infeciions <h:e to /;. !\f >:•■■::: r.f.d •• 

r.ellae. .at: rce mycin npp'-.ar- to 1- r : l-mk'-d tn-fnb 
r.ess. .okkrugii dr.an.itc- l-am'firrr.l •••"r-- .-.-p-.-.t- 
to Tctuk in same cc'c', frr t fall".;;''’ •• '.'f 
r.nd cc.mn t be cn.tirtlv r Mt l'.k - 1 f t' - ‘ ^ 1 
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aureomycin against infections due to Ps. aerugi- 
nosa and Pr. vulgaris appears to be very limited, 
even in the urinary tract where very high concen- 
trations of the antibiotic are usually attainable 
(26). 

Unlike penicillin and streptomycin, but some- 
what reminiscent of the sulfonamide drugs, aureo- 
mycin often api)ears to exert a greater or lesser 
suppressive effect on the infecting agent without 
producing its complete destruction, Aureomycin 
may interfere with the development of complement- 
fixing antibodies in psittacosis and cold agglu- 
tinins in primary atypical pneumonia (29). 

With the exception of nausea and vomiting, 
aureomycin compares favorably with penicillin in 
lack of significant toxic effects in relation to anti- 
infective activity. Even this side effect may be 
avoided by use of the intravenous route of admin- 
istration. Furthermore, approximately one-tenth 
as much drug need be given intravenously as by 
mouth. Reduction of the oral dose or further puri- 
fication of the antibiotic may also obviate gastro- 
intestinal symptoms. 

SUMMARY AND CONCLUSIONS 

1. Aureomycin was used in the treatment of 116 
patients with infections due to a variety of bac- 
terial, rickettsial and viral agents. 

2. The only significant toxic symptom encoun- 
tered frequently was nausea and vomiting. 

3. The intravenous route of administration, 
used in 68 individuals, proved to be an effective 
method of therapy, both when used to supplement 
oral medication to produce high serum concentra- 
tions of aureomycin, or to replace the oral route 
in the control of nausea and vomiting. 

4. Aureomycin appeared to exert beneficial ef- 
fect in acute bniccllosis, leptospirosis, Q fever, 
primary atypical pneumonia, psittacosis, chancroid, 
lymphopathia venereum, generalized peritonitis, 
and many infections of the urinary tract. 

5. P.cncficial effects from aureomycin therapy 
apTv.'ared to he limited or absent in typhoid. Salmo- 
nella, Shigella infections, coccidioidal pneumonia, 
i'.'.fections mononucleosis, varicella and subacute 
bacteria! endocarditis due to StrcNococcus jccalis. 
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FURTHER EXPERIENCES WITH INTRAVENOUS AUREOMYCIN 
THERAPY. A STUDY OF 116 CASES"- 
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The need for developing routes of administra- 
tion for aureomycin other than oral has been ap- 
parent since the initial clinical trials with the 
antibiotic in the early months of 1948. To fill this 
need, studies on intravenous aureomycin were car- 
ried out simultaneously in the summer and fall 
of 1948 at St. Vincent’s Hospital in New York by 
Rottino, Sanders, and Philip (1) and at the Har- 
lem liospital by Hill, Wright, Prigot, and Logan 
(2). The present report is an extension of the 
earlier work. 

In the study at St. Vincent’s, patients suffering 
from Hodgkin’s disease received large doses of 
aureomycin intravenously up to 4 grams daily 
and toxicity data were thus obtained since the 
dosage was pressed until nausea and vomiting oc- 
curred. This knowledge has permitted us to pro- 
ceed conservatively and without ill effects in us- 
ing the intravenous route for therapy in numerous 
clinical entities. Detailed results on the clinical 
studies will be published elsewhere (3). At this 
time, it may be said that the intravenous method 
of administration has frequently produced dra- 
matic therapeutic resj)onse and has proved to be 
an entirely practical procedure producing, at 
therapeutic levels, little or no side reactions. 

It is to be noted that kidney and liver function 
tests made both at St. Vincent’s and Harlem Hos- 
pitals at no time showed variation from the normal, 
even after massive doses of aureomycin intra- 
venously were maintained for one week. 

Indications for intravenous therapy 

In general, the occasions are fairly obvious when 
the intravenou.s administration of aureomycin is 

' Presented at the ?econd National Symposium on 
Kicvnt .vdvar.ci.-' irt .-'.ntihiotics Research held in Wash- 
in •h-.'., n. C., .-tprii 11-12, 1949. ur. ler the auspices of the 
b^t-.i ly Secti 'n. National Institutes of Health, 
Pi:’'!:: s'v-a':;'. fiervict:. I'cdera! Security .-vgency. 

-■ Pu'di'h.a! V. !;;i th.- iermi>5ion of the Cnict Medical 
Pirfct -r, Veterans A<!n-.!r.i<tratiyr., Department of Mcdi- 
C'-t and Suryery, v.:n ai^untes no rc<por.«i!)i!ity for the 
1 ' Tt erprc-t-ir*'. !■' CT.:!’.:-; -r,« drav.n by the authors. 


to be preferred to the oral or intramuscular routes. 
The desirability of rapidly obtaining a high aureo- 
mycin blood level with minimum discomfort is 
clear where ; 

a. fulminating disease is present and the amount 
of antibiotic required would almost certainly 
cause gastro-intestinal disturbances; 

b. the patient does not have the benefit of gastro- 
intestinal absorption because he is vomiting 
(due to peritonitis, intestinal disturbances, 
etc.) or because he is in a comatose or semi- 
comatose condition ; and 

c. the patient has attempted oral medication and 
has experienced marked discomfort without 
getting relief from the condition which was 
the original indication for therapy. 

In addition to the extreme circumstances where 
intravenous aureomycin is urgently necessary, the 
most common use to which the intravenous method 
has been put by us is as an adjuvant form of 
therapy. From the previous blood level studies 
carried out at St. Vincent's, it was known that 
aureomycin injected into the blood reached a high 
level quickly and was also excreted with moderate 
rapidity (see Figure 1). This fact, as well as our 
reluctance to use intravenous medication unneces- 
sarily, stimulated the study of combined intrave- 
nous and oral medication. It is in this realm that 
we believe that intravenous administration of 
aureomycin will find its greatest usefulness. 

MATERIALS AND METHODS 

Aureomycin hydrochloride ^ is a yellow, highly soluble 
powder available in SO-mgm. vials. The procedures for 
preparing and administering the antibiotic followed in 
this study have been essentially the same as those recom- 
mended by Rottino, Sanders, and Philip. Unless special 
diluents are being investigated, the contents of each SO- 
mgm. vial are thoroughly dissolved in about 2 mis. of 
distilled water. If it is necessary or desirable to give 

=^We wish to thank the officials of the Lcderle Lab- 
oratories who so generously supplied large amounts of 
aureomycin and thus made the present study possible. 
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the patient parenteral fluids, the infusion indicated is 
started. The contents of the desired number of 50-mgm. 
vials of aureomycin in distilled water are then pooled and 
diluted in proper amounts of 1/6 M. lactate (Hartman’s 
or Lactate-Ringer’s) solution. After thorough mixing, 
the aureomycin in lactate is given as a rapid infusion. 
The aureomycin in distilled water is not mixed with the 
sodium lactate until the infusion is assembled because 
Hamed and his associates (4) found that the antibiotic 
is stable in an acid medium and loses potency in an 
alkaline environment. 

As far as the amount of lactate for the infusion is con- 
cerned, it is our impression that only an approximate 
quantity is necessary since the lactate merely serves as a 
vehicle for the antibiotic. It is important to remember 
that the buffering action of the lactate is helpful since 
aureomycin hydrochloride in distilled water has an ap- 
proximate pH of 3.5 whereas the pH of the final mixture 
in lactate is approximately 5.5. The following quantities 
of 1/6 M. lactate solution as infusion vehicles for aureo- 
mycin varying from 50 to 1,000 mgms. are suggested. 
The schedule in Table I is on an entirely empirical basis 
and is one which has been satisfactory in our hands : * 

TABLE I 

A suggested ratio of aureomycin HCl to 1/6 M. sodium 
lactate for intravenous infusions 

Aureomycin to i/C M. sodium lactate 


mgms. 

mis. 

1000 

500 

350-500 

250 

200-350 

150 

200 

100 

100 

SO 

SO 

20 


The bio~assay method 

The bio-assay test for determining the amount of 
aureomycin in various body fluids was originated at the 
Lcdcrle Laboratories by Dombush and Pelcak (5). 
Since any attempt to study methods of administration 
depends largely upon an e.\act adherence to the bio-assay 
method, care was taken to make certain that the tech- 
nique used in this study was in complete agreement with 
the test at Dornbush's laboratory.'^ 

Comparative data: iutraveiious plus oral z's. oral 

medication alone 

In presenting Figures 1-4 an attempt has l>ccn 
made to cull our experience with 116 patients on 
intravenous aureomycin therapy so th.at a Ijasis 

‘ Addition.tl work with intravenous aureomycin since 
the presentation of this pr.per luis rru'-dc it apparent tl'. 3 l 
the amounts oi 1/6 M. to-lium lactate can tv- reduced to 
luU th.ose shown here. 

' We wish to tlari*; Idc'sr*, Dcrr.Luth and Pelcak for 
their c.-sX'frati-n an! for proviiinr purified ann'l-ictir to 
u*e.! as jtanUril test material. 


may be provided for therapeutic manipulatioi 
which may be useful in various clinical problems 
During recent months, patients received variou 
schedules of aureomycin therapy ranging from ; 
single intravenous injection of 20 mgms. in an in 
fant to a combined intravenous-oral course of an 
tibiotic in an adult, in whom the intravenous por 
tion alone consisted of 76 500-ingm. infusions fo: 
a total of 38 grams (34 days of SCX) mgms. b.i.d 
and 42 days u.i.d.). In addition to the intra 
venous medication, 47 grams of adjuvant ora 
therapy were given. This patient, V. L., is alivi 
and well and is apparently recovering from ; 
chronic disease. 

The primary' purpose in demonstrating the re 
suits of the bio-assay in the following charts i; 
to show the physician how he may proceed in i 
general fashion in obtaining aureomycin blooc 
levels to satisfy special clinical requirements. 

Figure 1 emphasizes the high concentratioi 
of aureomycin which can be obtained in the blooc 
following a single injection of 1 gram intravc' 
nously. With two hours, a peak of 20 fxg. wa: 
reached but there was a fairly rapid drop to 10 //g 
two hours later. Although these high conccip 
trations were not maintained for a long period oi 
time under the given situation, a level of 5 pg 
was present up to 14 hours following the injection 
This, of course, is a significant level which would 
be more than sufficient to combat most infections, 
Even after 24 hours, a significant level of 2 /<g. 
resulted. The technique of injection of 1 gram 
at a time appears to have little hazard judging the 
case with which ten patients received sncli in- 
jections. 

The advantage of using oral therapy in cotsi- 
bination with intravenou.s therapy i.s ilhistr.atcd in 
Figure 2. When compared with a single ifitra- 
venous injection of 1 gram, the .tmalk-r intrave- 
nous injection of 350 rngms. given in cnnjnncti'-n 
with 250 mgms. by mouth every four h'lnrs pro- 
duced .':ignir!cnnt hlcx>r] levels wln'rii ; 

between 3.2 and 6.4 /:g. 

If this con'fort.ahle o-'a! .and intr.'.-.rn .n'' ; !.e 1- 
nle is rontimted for 24 In tir.v ( i'j.gare .'), v, " 
a dmnt.'ittc rise to 12.8 yg. v. ;;h r.r: 
it-nartce (,: aureomycin r-- n-'entr;.!;' :• r ;.i ! 
as 12 Iv.'ur.-. .after <1 tl-'-r:.;-;. - 
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RATE OF AUREOMYCIN ABSORPTION IN THE BLOOD AND ITS EXCRETION 
IN URINE FOLLOWING A SINGLE INJECTION OF ONE GRAM INTRAVENOUSLY 



HOURS AFTER ONE GRAM AUREOMYaN INTRAVENOUSLY 
Fig. 1 


men of 250 mgms. every four hours and the com- within 12 hours after the first capsule is taken that 
bined oral-intravenous schedule. On the oral a concentration of 4 fig. per ml. is reached in the 
tlierapy there is a slow rise with the level not ex- blood. The peak of 5 /ig. is reached and main- 
ceeding 2 fig. for the first ten hours. It is only tained from 18 to 34 hours. 


> COMPARISON BETWEEN COMBINED iNTRAVENOUS-ORAL AUREOMYCiN ADMINISTRATION AND *A 
SINaC INJECTION OF ONE GRAM OF AUREOMYCIN INTRAVENOUSLY 



I 2 3 A 5 6 7 8 9 10 12 14 16 18 20 22 24 

HOURS 


Fic. 2 
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COMPARATIVE BLOOD LEVELS 

FOLLOWING ORAL AND INTRAVENOUS- ORAL ADMINISTRATION OF AUREOMYCIN 



By Utilizing the information in Figures 2 and 3, 
it should be possible to maintain aureomycin con- 
centrations at any desired level, subject, of course, 
to individual variations. The factor of individual 


variation to similar dosage schedule has hcen 
observed with penicillin and streptomycin therapy. 
That the same factor must be considered in aurco- 
mycin therapy is apparent from Figure 4. The 


COMPARAIIVC Bt-OOO LEVEL VALUES IN 3 INDIVIDUALS RECCIVIND COV3WED 
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volunteer, M. S., was not a demonstrably ill in- 
dividual and reached a peak concentration of 6.4 
jxjg. in his blood within 20 minutes after the intra- 
venous injection of 350 mgms. This level fluctu- 
ated during the next 24 hours between 3.2 and 
6.4 /xg. In contrast, patient H. M., suffering from 
infectious mononucleosis, and patient V. L., a 
post-hepatitic cirrhotic, who v-ere on the same 
intravenous and oral schedule as the volunteer, 
reached a peak of 3.2 /xg. and a maintenance level 
of between 1 and 2 /xg. 

Enhanced anrcomycin blood levels by the use oj 

caronannde 

Since it has lieen shown that the blood concen- 
tration of penicillin can be enhanced by the oral 
administration of caronamide (6), an attempt was 
made to ascertain the effects of this drug (4- 
Carboxyphenylmethansulfonamide) on aureomy- 
cin al)sorption. To date, three ** patients have been 
studied and the result suggests that caronamide 
raises the blood level of aureomycin. 

® t\ temporary shortage of parenteral aureomycin has 
limited the numher of patients under study with carona- 
mide. 


This phase of the work has been of particular 
interest to us since the assumption has been made 
by Beyer (7) that the action of caronamide in re- 
lation to penicillin absorption depends on the 
blockade by caronamide of specific enzyme systems 
responsible for penicillin transport through the 
renal tubules. Strauss, Richburg, Saba, and Alex- 
ander (6) have stated that caronamide has no 
effect on the plasma concentration of streptomycin 
when the antibiotic is given in multiple intra- 
muscular injections. Inasmuch as aureomycin and 
streptomycin are derived from related microbial 
sources, it is curious that an enhancement action 
has been demonstrated. 

One of the first patients to receive caronamide, 
4 grams by mouth every four hours, was H. M. 
As is apparent from Figure 5, the increase of the 
aureomycin level following the use of caronamide 
was not dramatic, since a peak of 4 /xg. was reached 
in association with caronamide as against a peak 
of 3.2 /xg. when aureomycin was used alone. It 
may be significant that in the last 12 hours, a level 
of 2 /xg. was maintained when caronamide was 
given with the aureomycin, whereas without this 
adjunct the aureomycin level dropped to less 
than 1 /xg. 


EFFECT OF ORAL ADMINISTRATION OF CARONAMIDE ON ENHANCING AUREOMYCIN BLOOD 
LEVEL 350 MILLIGRAMS AUREOMYCIN IVuioPLUS 250 MILLIGRAMS ^ 4 HRS ORALLY. 
CARONAMIDE 4 GRAMS EVERY 4 HOURS 



Fio, 5 



GAMMAS 


EXPERIENCES WITH INTRA\TNOUS AUREOMYCIN THERAPY 




EFFECT OF ORAL ADMINISTRATION OF CARONAMIDC ON EXCRETION OF AUREOMVCIN 


KM 
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TABLE n 

Phlebitis following inlravenoiis anreomycin therapy 


Group 

Number 

of 

patients 

Number 

of 

injections 

Mgms. j 
per 1 

injection 

Plilebitis 

No 

Phlebitis 

I 

60 

6-15 

200 to 250 

28 (mild) 

32 

II 

35 

1-5 

250 to 350 : 

0 

35 

III 

21 j 

15 to 76 i 

250 to 500 

21 

1 

0 


tions have been made into the vein. Secondly, the 
amount of aureomycin which is injected into the 
vein appears to have some bearing on the forma- 
tion of phlebitis. 

The 116 patients who received aureomycin in- 
travenously reacted in the following fashion (see 
Table II). 

Although many of the patients who received 
the antibiotic intravenously showed a phlebitis, 
in the majority of instances the tenderness, indura- 
tion and rigidity of the vessel disappeared within 
periods ranging from a few days to several weeks. 

The whole problem of phlebitis was to some ex- 
tent minimized when care was taken to attach 
intravenous infusions only after sharp needles were 
well into the veins. Another helpful point of 
technique was the jiracticc of following the simple 


fundamentals of intravenous therapy; i.e., giving 
the first infusions in distal veins, later injections 
proximally, and varying the sites of injection by 
using alternate hands and arms. As a matter of 
fact, phlebitis has never been sufficiently serious 
to prevent a patient from receiving several in- 
jections. It is only the hypersusceptible individual 
who is unable to receive many injections. Oc- 
casionally, when numerous infusions are required, 
the presence of phlebitis makes continued therapy 
difficult or impossible. 

One other complication was noted in three of the 
116 patients. In one instance, the patient ex- 
perienced a chill resulting in a fever of 101° 
within one hour after the intravenous administra- 
tion of aureomycin. The chill was moderately 
severe and the fever lasted approximately one 
hour. Repetition of the infusion the next day 
produced essentially the same reaction in this pa- 
tient and oral medication was instituted in place 
of the infusions. In a second patient, a similar 
reaction occurred, the fever going to 105° ; when 
intravenous medication was cautiously continued 
in this instance, however, no further reaction was 
observed and the patient was able to take a course 
of 15 injections of 500 mgms. each without fur- 


EFFECT OF ORAL ADMINISTRATION OF CARONAMlDEON ENHANCING AUREOMYCIN BLOOD LEVEL. 
350 MGMS AUREOMYCIN IV, u.ij.. PLUS 250MGW.S^4h ORALLY CARONAMID 4 GRAMS ^ 4H 
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ther untoward reaction. In a third patient, who 
had a fever of 103° before the infusion was ad- 
ministered, there occurred a chill and rise in tem- 
perature to 105° four hours after the infusion. 
A repetition of the process on the following day 
made us reluctant to use further intravenous 
therapy, particularly since the patient was able to 
take aureomycin by mouth. 

Aureomycin has shown little capacity to pro- 
duce sensitization. Nevertheless, it must be borne 
in mind that it is only a matter of time before 
the patient is found who will show allergic mani- 
festations to this antibiotic. While no serious re- 
actions were encountered in our series of 116 pa- 
tients, it has been noted that cessation of therapy 
was necessary in two instances where chills and 
fever followed the antibiotic infusions. 

Since reactions have been so infrequent and of 
a relatively mild nature, we believe further in- 
vestigation is warranted regarding the advisability 
of using an initial test dose of 50 mgms. or less 
in each patient, before an active therapeutic 
schedule is begun by vein. 

CONCLUSIONS 

1. Tlie technique for administering aureomy- 
cin intravenously and indications for its use arc 
discussed. 

2. Blood concentrations and urinary c.xcretions 
under several intravenous-oral and oral dosage 
schedules arc submitted. 

3. Absorption of aureomycin in the blood ap- 
pears to vary with the individual. 

d. It is suggested that caronamide may en- 
hance blood levels <if aureomycin and that it 
definitely decreases excretion of the antibiotic 
through the kidneys. 

5. No serious toxic efTects have been noted 
following intravenous aureomycin therapy. Only 
two of the 116 patients experienced febrile reac- 
tions. These reactions apjieared to be of an indi- 
vidual nature since the same production lots failed 
to evoke reactions in other patients. 


6. With the preparation of aureomycin now 
available phlebitis occurred in 30 to 40 per cent 
of the patients when the antibiotic was given in- 
travenously. 

7. Nausea and vomiting were not encountered 
as direct concomitants of intravenous therapy in 
this study. Gastro-intestinal symptoms were not 
noted even in a patient who had received 76 
500-mgm. injections by vein. 

8. We are of the opinion that intravenous aureo- 
mycin is a necessary mode of administration in 
some instances and a desirable one in others. 
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PURITY STUDIES ON POLYPEPTIDE ANTIBIOTICS ; BACITRACIN ^ 
By LYMAN C. CRAIG, J. DELAFIELD GREGORY, and GUY T. BARRY 
(From the Laboratories of The Rockefeller InstiUitc for Medical Research, Nctv York, N. Y.) 


As part of a broader study on Counter-current 
Distribution, the question of the purity of available 
polypeptide preparations has been taken up. We 
have found it possible to fractionate gramicidin, 
tyrocidine, gramicidin-S, and bacitracin samples 
into several different polypeptide components. In 
each case, except with the tyrocidine fractions 
which have not been studied antibiotically as yet, 
a variation in activity with the different compo- 
nents has been noted. They differ also in the 
amino acids which they contain as well as in the 
proportion of these amino acids. 

Bacitracin for the most part has been fui-nished 
by the Commercial SoNents Co. We are indebted 
to them and to Miss Johnson and Dr. Meleney for 
the bioassays. Bacitracin has not proved to be 
the most ideal type of substance to distribute be- 
cause of its tendency to give skewed curves and 
because of its lack of stability. In attempts to 
distribute it in neutral 2-butanol/water, the curves 
obtained were typical transformation curves. 2- 
Butanol /water acidified with acetic acid was much 
more satisfactory and showed only slight transfor- 
mation during a run. A typical result is shown in 
Figure 1. This was made with a sample of 46 unit 
material. A calculated curve superimposed on the 
weight curve showed the latter to be somewhat 
skewed. .Xn activity curve also was skewed but 
seemed to indicate a single active substance being 
present in the major component. -V considerable 
hand of low activity occurred to the right. Ab- 
sorption spectrum measurement indicated mix- 
tures in tubes 40 to 60. 

.\n interesting feature of this distribution is that 
a maximum activity of 66 units was indicated. 
'Phis was on a dr%‘-wcight basis when dried at 
ICKE in v.acuutn. Material recovered from the 
main band by freeze-drying was a white, highly 
!ivgr(i<copic powder which had an activity slightly 
Ic'S t!;:m tb.e maximum obtainerl from the curve. 

= tVi-'T'.'.i,'! :i: becievl Natioii.-i! Syniposiuni on 

lOC'-r-; Ai:'.-;;!'..-! Rc'carc!'. licid in Wasli- 
i • U t’ . .vyi'- ll-lJ, u:v!vr the nii^picc'i of the 
A"*iA Ste !y .■'‘■•cti e. N’.-.ti 'n.i! Ir.-ti'.nte^ of Health, 
i’r'.':: II'- s-rv!.*', I'cl-jral S>.-ct:ri:y .'Xycr.cy. 


That it had lost a certain amount of activity 
through denaturation on isolation was confirmed 
by redistribution. In this case a small percentage 
of material of low activity appeared on the left of 
the main band. 

Hydrolysis in 6 N hydrochloric acid followed 
by paper chromatography gave spots correspond- 
ing to phenylalanine, leucine, isoleucine, cystine, 
valine, histidine, ornithine, lysine, and glutamic 
and aspartic acids. Strong evidence is thus fur- 
nished that the active principle is a polypeptide of 
considerable size. 

At about this stage of our work certain toxic 
manifestations were encountered by others on the 
clinical side and it became desirable to have more 
cai'eful chemical investigations in order to see if 
some closely related toxic substance could be re- 
moved by fractionation. This problem can be ap- 
proached in two ways, namely, higher numbers of 
transfers or a change to a more specific system. 
We have investigated both approaches. 

An all-glass apj^aratus of simple construction 
has been devised which is shown in Figure 2. This 
particular one contains 108 units but it would ap- 
pear that this number could be extended several 



Fm. J. 85 Tn.^.vsFKD Di.'^TiunuTio.v or Bacitracin in 
2-Bl'tano!,/3% Acetic Acid 
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Fig. 2. Glass Couxter-Current Distribution Apparatus Containing lOS Tubes 


fold if necessary for a specific problem. Enlarg- 
ing is merely a matter of adding individual units. 
An interesting feature is that strong acids such 
as hydrochloric acid can be used. 

A run on bacitracin using a system made with 
methanol, 0.1 N hydrochloric acid and chloroform 
gave the pattern shown in Figure 3. The overall 
aspects are not too different from those with the 
first system. Inactive material is shown at frac- 
tions 140 to 120 and a certain amount of foreign 
material is demonstrated on the left. Somewhat 
more inactivation was encountered during the run 
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than with the acetic acid system. When inactiva- 
ation in acid solution occurs, the transformation 
products appear on the left. WHien inactivation 
in neutral or alkaline solution occurs, the prod- 
ucts appear on the right. -A hydrochloride with 
rather nice properties was recovered from the 
peak tubes. 

At least one sample of bacitracin was not en- 
tirely stable in the solid state. This samjile origi- 
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nally had an activity of 55 units and gave quite a 
good pattern, Figure 4, upper pattern, with 75 
transfers and the acetic acid system. Only a small 
amount of inactive material on the right and left 
was obtained. After standing in the cold room 
for about nine months, the lower pattern was ob- 
tained with the same system but with the applica- 
tion of 490 transfers. The activity of the sample 
after nine months was 47 units. The fractions 
were recovered as usual by freeze-drying and, to 
our surprise and gratification, material recovered 
from the main band on one run had definite organi- 
zation as shown in Figure 5. None of the fractions 


recovered from other regions showed this organi- 
zation. Furthermore, the recovered material had 
an activity of 60 units without further drying. 

It would now appear fairly certain that this - 
material is either a single substance or a mixture 
of very closely related substances. The evidence 
is not as rigorous as we would like because of 
inherent instability but at least the experience in 
two different systems points toward something 
definite on which to base future work. 

Hydrolysis in boiling 6 N hydrochloric acid for 
24 hours, evaporation of the excess hydrochloric 
acid, and distribution of the mixed hydrochlorides 





I'lG, 6. DiSTKIIIUTIO.V of TIIF. HvDKOI.VSIS PhoDI'CTS of liACITItACl.V 


in a 2-butanol/aininoniuni acetate system has 
given the pattern shown in Figure 6. Tlic hands 
from right to left are a dipeptidc containing 
phenylalanine and isoleucine; peptide material 
containing phcnylalauiuc. isolcuctne, axrd appar- 
ently ornithine; jihenylalaninc; leucine; isolcu- 
cinc; ammonium chloride; histidine; and, finally, 
a mixed hand containing cystine, lysine, and as- 
partic and glutamic acids. Redislrihution in other 
systems has permitted further resolution of the 
mixed hand. Spotting of every tenth fraction on 
a broad paper chromatogram jicrmits ready con- 
trol of the separation. 


The original "valine” sjiot has been isolated in 
crystalline form from tubes 00-70 hut it i.*^ dif- 
ferent from valine. It appears to he absent from 
the most highly inirified material. .\!! the spots 
indicated by paper chromatography have beet', i'-o- 
latcd in crystalline form with the correct carbon 
and hydrogen analysis c.xcepi ly.'ine and ornithine. 
In addition, jteptides iiave been isolated, ’file 
amino acids isolated were of the /-. d.f- ;nid d- 
conlignrations, ns follows; /-hi-tidine. p.irtinlly 
racemic /-leucine. /-c\stine and /-ghn.anne .'i-i-', 
d./-j)henyla!anine. t/.Z-aspariic .acid, arr’ 
racemic d-i.'-olcncine. 




A COMPARATIVE STUDY OF THE RENAL DAMAGE PRODUCED IN 
MICE BY VARIOUS LOTS OF BACITRACIN ^ 

By LAWRENCE W. SMITH, FRED H. SCHULTZ, JR., WALLACE L. OTT, 

AND HARTZELL G. PAYNE 

{From Commercial Solvents Corporation, Terre Haute, Indiana) 


In recent publications it has been suggested 
that bacitracin grown by the deep-tank method 
shows a higher degree of nephrotoxicity than the 
bacitracin produced by surface culture methods 
( 1 ) . The studies being reported were designed to 
compare the two types of material from a strictly 
o!)jeclive standpoint. 

EXPERIMENTAL STUDIES 

Various lots of bacitracin were selected for this study 
on the basis of their previous clinical use and their avail- 
ability. Unfortunately, many of the lots could not be 
employed because of confusing clinical data resulting 
from variable and uncertain dosage schedules, the use of 
several lots in the same patient and the known presence 
of impaired renal function in some cases prior to the 
institution of bacitracin therapy. 

Of the surface culture type of bacitracin lots BV-112, 
BV-140, BV-142 and BV-144 were used. BV-112 was 
selected because it was one of the first production lots 
and the other three B\'' lots had all been employed clint- 
callv and were said to show little evidence of nephro- 
toxicity. Five lots, B-471212, B-480210, B-480S12, B- 
480420, and B-481102, produced by deep-tank fermenta- 
tion were similarly chosen for study. Lot B-471212 was 
one of the earliest lots produced by the deep-tank method 
which was employed clinically. Lots B-480210 and B- 
480512 were included in the study because of clinical 
evidence of nephrotoxicity, while B-480420 by contrast 
was stated to have extremely little evidence of toxicity 
when employed clinically. Lot B-481102 was especially 
prepared by the deep-tank method; a synthetic medium 
was used containing glutamic acid, similar to the medium 
described by Melency and his associates in which the 
original production i>f bacitracin was developed by the 
surface culture technic. 

The bacitracin was administered intravenously to mice 
of the same strain in accordance with the specifications 
set up by the FU.A (October 14, 1948). The.se speci- 
fication- rc'piire that mice weighing between IS and 25 
grams bo injected intravenou-ly with a constant volume 
(9 5 nd. per 20-grani mou-e) within a five-second period. 
Th.c folbiv. in.! do-c- were injected; 59, K'O, 200, 300, 400, 

■ rrc'cnt'-.d. at ti’.c Secr. r.l National Sympo-iimi on 
L>ci';:t -r'.iv.o; re- in .vr.ti'ii tic; Resccirch held in Wash- 
i" -t n, n. t'.. ,\pri; H d2. gfi !er th.e aussnee; of the 

i ti'' .''t'.’ !;. .■'.'■.'ti N.ati 'na! Institutes o; Health, 
!’■**'■ H'- dt'' .‘-•■n.i.'n. I'td.cral tsecurity .'vgervey. 


and 500 units per 20-gram mouse. The animals were 
observed for a 72-hour period. The mice receiving the 
three lowest doses, namely, 50, 100, and 200 units per 
20-gram mouse, tvere under constant observation during 
the 72-hour period in order to obtain fresh autopsy mate- 
rial in the event of death. The kidneys \vere removed 
immediately after death and placed in 10% formalin. 
The survivors were sacrificed at the end of the experi- 
mental period and their kidneys fixed in 10% formalin. 
A series of 10 mice injected with saline served as the 
controls. 

RESULTS 

Evidence of gross pathology as expressed by the 
degree of ischemia present was noted and recorded 
on a four-plus graded scale at the time of autopsy. 
Histologic sections were made of the kidneys. 
These sections were stained with hematox}din- 
eosin and were graded for evidence of renal 
changes independently (LWS) without knowledge 
of the gross renal classification. Very little, if 
any, correlation between the degree of renal ische- 
mia grossly and the extent of renal damage mi- 
croscopically was found. 

In Table I the acute toxicity of the various lots 
of bacitracin is shown along with the biologic ac- 
tivity of each lot. 

In Table II the incidence of microscopic renal 
injury in mice injected intravenously with various 
lots of bacitracin in dosages of 50, 100, and 200 

TADLE r 

The acute toxicity of various lots of bacitracin when 
administered intravenously to mice and the 
biological activity of each lot 


Lot No. 

LD50 

Potency 
units/ mi;. 

BV 112 

180±24 

37 

CSC B481102* 

205 ±23 

35 

BV 140 

2IO±17 

30 

BV 144 

265 ±34 

30 

CSC B480512 

.305 ±35 

51 

CSC B480210 

307±26 

37 

CSC B480420 

325±28 

52 

CSC B471212 

.330±25 

50 

BV 142 

333±50 

31 


* Prepared on pynthctic medium 
BV = Ben Venue lots 
CSC Commercial .S^jlvents lots 
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TABLE II 


The incidence of microscopic renal injury in mice treated intravenously with various lots of bacitracin 


Dose 

units/20 gm. 
Mouse 

BVU2 

BV140 

BV142 

BV144 

CSC 

B4g0420 

CSC 

B4802I0 

\ c^r 
B4805I2 1 

! . . 1 

CSC 

B471212 

CSC 

B4SnO’* 

50 

2/6 

3/6 

3/6 

2/6 

4/6 

4/6 

1 2/6 

4/6 

5/6 

too 

5/6 

' 6/6 

4/6 

3/6 

3/6 

5/6 

' 5/6 

4/6 

5/6 

200 

6/6 

6/6 

4/6 

5/6 

5/6 

5/6 

j 6/6 

5/6 

1 6/6 


* Prepared on synthetic medium 

BV = Ben Venue lots 

CSC = Commercial Solvents lots 

units per 20-gram mouse is shown. In general, it 
will be noted there is fairl)' good correlation be- 
tween the size of the dose and the incidence of 
renal damage. Analysis of these data indicates 
that there is no evidence of statistically significant 
differences between the material obtained with 
surface culture bacitracin and deep-tank culture. 
Lot B-481I02 prepared on synthetic medium and 
grown by the deep-tank-culture method appears 
to be the most to.xic of all the deep-culture ma- 
terial. 

In Table III the severity of the renal injury is 
shown for the various lots of bacitracin and the 
various dosage levels employed. It is apparent 
that there is no statistically significant difference 
in the various lots with the e.xception of Lot B- 
481102 prepared on synthetic medium. Tin’s is of 
interest in relation to the use of these various lots 
clinically. Lot B-480420 has been widely em- 
ployed by a number of highly competent clinical 
investigators who have all indicated that it has 
shown a very low clinical to.xicity. On the other 
hand, B-4S0210 and B-480512 were reported to be 


too toxic for parenteral administration. The lab- 
oratory studies in mice indicate that there is very 
little, if an}’, difference in the amount of renal dam- 
age produced in these animals by the several lots 
of bacitracin. 

Through the cooperation of Dr. Frank L. Mc- 
leney of Columbia University, Miss Barranovsky, 
statistician and secretary for the bacitracin study, 
has supplied clinical data on the patients treated 
with these specific lots of bacitracin. An attcmjil 
to correlate these data with the mice data is shown 
in Table IV. 

In Dr. Melency's interim report (2), he stated 
that the dosage used with CSC deep-culture ma- 
terial in general was higher than that employed 
with the original surface culture product. In com- 
paring the clinical toxicity of these two tvpes of 
material, he states, ‘Tt is true that the dosage with 
the CSC lots was somewhat larger excejU for Lot 
480420, but this cannot account for all of llie dif- 
ference." These animal studies indicate that the 
dosage may well lie responsible for any differences 
noted in degree of clinic.-d toxicity. 
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TABLE IV 

The severity of nephrotoxicity in man wlmt treated intramuscularly with bacitracin 
0 = No more than +1 albumin, not over 5VVBC/H.P. field, no R.B.C., occ. gran. cast. 

+2 — Transient albuminuria +2 to +3, WBC = 5 to 25/H.P. field, rare R.B.C. moderate numbers of gran, casts, no 
prolonged rise in T.N.P.N. or BUN, no prolonged fall in P.S.P. 

+4 = Persisting nausea and vomiting, prolonged rise in T.N.P.N. and BUN, prolonged fall in P.S.P., -{-4 albumin, many 
casts, R.B.C., W.B.C., or cases in which treatment had to be stopped because of oliguria or rash. 


Total dose units 

BV* 

140 ! 

BV 

142 i 

BV 

144 

B480420 

CSC 

E4802t0 

CSC 

B471212 

40,000-80,000 

0 

— 

— 

"{-2,-f-2 





80,000-200,000 

— 

0,0,0, +2 

— 

0,+2 

— 

— 

200,000-300,000 

— 

-b2,0,0 

— 

0,-j-2,-b2,-l-2 

— 

+2, +4 

300,000-400,000 

— 

— 

— 

+2,0 

+4 

400,000-500,000 

— 

— 

— 

+4 

0,+2 

500,000-600,000 

— 

0 

— 

— 

— 

+2 

600,000-700,000 

— 

-b2 

— 

0 

— 

700,000-800,000 

. 

— 


— 


+4 

800,000-900,000 

— 

— 


— 


900,000-1,000,000 

— 

— 

— 

— 

+2 

— 

1,000,000-1,300,000 

i 

— 

• 

— 

— 

0,+2 

1 

Mouse data 

1 







1 

Nephrotoxic value 

1.10 1 

I 

0.91 

0.95 

1.25 

1.32 

1.11 

No. of mice with 

1 

i 






renal injury 

15 1 

11 

10 

12 

14 

13 

No. mice treated 

18 

18 

18 

18 

18 

17 


* See abbreviations Tables I and II 


DISCUSSION 

Renal pathology 

The renal pathology associated with the paren- 
teral administration of bacitracin is, of course, one 
of the disturbing jiroblems associated with the 
widespread ttse of this highly effective antibiotic. 
It is well known that bacitracin is a complex sub- 
stance, ])rcsumably jiolypcptide in nature, con- 
taining a large number of amino acids, several of 
them in significant ciuantities in the d form. Evi- 
dence to date points toward the fact that baci- 
tracin as presently constituted is a relatively pure 
substance and that this nephrotoxicity may well be 
inherent in the molecule. There are, however, 
some encouraging indications that this toxicity may 
at least Ite reduced materially if not entirely elimi- 
nated. 

The pathology is distinctly one of lower nephron 
involvement. Tlie changes are those of degenera- 
tion of the lining tubular epithelium, its subse- 
quent desquaniatiou and the formation of hvaline 
e.-i't-;. 1 his may proceed to a point where the 

nnjor {virti.'.n of the ttib'ulo become blocked. In 
u’.-'-'t ;\!unr.d'' >ur%ivin.g ;i Jdd'.our i^erind,, evidence 


infection where bacitracin therapy was employed, 
similar changes were observed. Some of these 
cases show evidence of associated renal pathology 
so that it is far from certain that the bacitracin has 
been a factor in the death of these patients. Most 
of these fatal cases were suffering from subacute 
bacterial endocarditis caused by organisms not sen- 
.sitive to either penicillin or streptomycin. Pre- 
liminary observations suggest that a synergistic 
relationship exists between penicillin and baci- 
tracin in infections of this type. This may open 
up a field of usefulness for bacitracin in dosage 
levels sufficiently low to permit its use in combina- 
tion with other antibiotics without fear of the de- 
velopment of serious renal damage. 

It is apparent from these comparative studies 
that very little correlation exists between the gross 
and microscopic pathologic changes in mice. It 
is likewise true that no correlation exists in the 
degree of renal change in the several mice to whom 
the .same dose of bacitracin was administered par- 
etiterally. Similar differences in toxicity have been 
shown to exist in different strains of mice. Thus 
it would l)e theoretically possible to supply data 
relating to the LD-50 dosage which would not 
only be acceptable by present FDA specifications 
bjit would also meet with the tentative requirements 
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suggested by the clinicians if mice from a resistant 
strain were employed. The obvious conclusion 
must be reached that the mouse is an unsatisfac- 
tory test animal for nephrotoxicity. 

SUMMARY AND CONCLUSIONS 

Comparative studies of the nephroto.xicity of 
bacitracin when grown by surface and deep-tank 
culture are presented. No significant statistical 
differences in nephrotoxicity were found with the 
various lots of bacitracin. 

A discussion of the renal pathology reveals that 
the lesion is one affecting the lower nephron. 

In animals surviving a 72-hour period, repre- 
senting the time interval required for evidence 


of acute toxicity, tubular regeneration is ap- 
parent indicating that the changes are reversible. 

There is so little correlation between the gross 
and microscopic evidence of renal pathology that 
it must be concluded the mouse is an unsatisfac- 
tory test animal. 
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Pol}a'n 3 ^xin is a generic term for chemothera- 
peutic antibiotics elaborated in fermentations of 
various media by strains of Bacillus polymyxa 
(1). The known polymyxin polypeptides (A, B, 
C, D, and E) have closely similar chemical and 
])iological properties, and have in common L-a, 
y-diaminobutyric acid. L-threonine and an un- 
identified Co optically-active fatty acid. Iir addi- 
tion to these acids, polymyxin A (aerosporin) 
contains D-leucine (2). Polym 3 'xin A, first de- 
scribed by Ainsworth, Brown and Brownlee, was 
isolated by Brownlee and Bushby, and Catch and 
Friedmann (3) from broth cultures by adsorption 
onto a suitable carbon and elution with aqueous 
acetone containing sulfuric acid. Further purifi- 
cation was obtained by converting the antibiotic to 
the helianlhate and subsequently to the hydrochlo- 
ride. Polymyxin D, which is composed of the 
constituents of polymyxin A plus serine, was 
described by Benedict and Langlykke (4) and 
Stansly ct al. (5). It was purified by adsorption 
onto carbon after clarification of the fermentation 
liquors, elution with acid-methanol and precipita- 
tion with acetone. Further purification by Shep- 
herd cl al. (6) involved butanol extraction, frac- 
tional precipitation of the picrate and conversion 
to the hydrochloride. Hydrolyzates of polym 3 'xin 
B (7). another basic poh'peptide produced by 
strain CX 1419 of B. polyiny.va (Wellcome Foun- 
dation Culture Numbers), show the presence of 
l)-leucine and jihenylalanine as well as the three 
constituents common to all the jmlymyxins. 

During the cour.^c of studies on polyniy.xin B 
designed to eliminate toxic impurities and pre- 
pare high [Kiteuev material, a procedure was de- 
velope<l involving adsorption of the active prin- 
ciple on cottot\ sodium succinate, elution with 
dilute Milturic acid, jirecipitati'm of the antibi- 
otic v.itli I-( 4-chloro-o-suIfophenyl)-5-hvdroxy-3- 

■■ t’[ v at t!--.- StCic-. t National nti'o;!!!!!! on 
, j.. Ae.t;’'; 'ti.:- Kc-'.-arch lu-I-.l in \Va=Ij- 
! :■ '* W -\1, T'l''. '.'-.r ti’.'.- i>i the 

■ V > St - 'o S’ --t! N'.-'.t'. 'cal Ir.'t!tv.t‘:-i *•: Hiraltli. 


meth3d-4-(p- (p-tol 3 dsulfonoxy) -phen 3 dazo)-pyra- 
zole (Polar Yellow), liberation of the antibiotic, 
precipitation as its free base and conversion to 
the acid salt. The antibiotic tvas subsequently 
crystallized as its naphthalene /3-sulfonate by a 
procedure described by Wilkinson (8). 

The homogeneity of material from each purifi- 
cation stage was studied by partition chromatog- 
raphy on paper and by chemical and biological 
means. The paper partition chromatographic 
studies were carried out by a method similar to 
that described by Goodall and Levi (9) for penicil- 
lins. After developing and drying the paper 
strips, they were placed on the surface of nutrient 
agar previously seeded with Escherichia coli in- 
stead of Bacillus subfilis. In this wa 3 q the posi- 
tions of the zones of inhibition established the 
presence of another active substance in certain 
pol 3 'myxin B fractions. 

Crude material obtained from the cotton sodium 
succinate column was found to produce a hista- 
mine-like lowering of the blood pressure when 
injected into anesthetized cats. The histamine- 
like substance was removed from the polymyxin 
B by purification through its Polar Yellow salt. 
Fractions of moderately high potency (co. 6500 
units/mg.), obtained by^ a dual purification 
through the Polar Yellow salt, showed two spots 
on the chromatogram indicating the presence of 
an active minor component associated with the 
polymy'xin B. When the acid Iwdroly^zates of 
each of these active materials were chromato- 
graphed, however, identical amino acid spectra 
were obtained. 

In addition to the recognized components of 
polymyxin B, an unknown substance was routine^ 
found high in the solvent band of the ])aper chro- 
matogram of hydrolyzates of this material. Con- 
sideration of the Ri- clifTerences between glycine 
and alanine, alanine and valine, valine and leu- 
cine. and leucine and the unknown patch, 0.2, 0.15, 
O.Io, 0.1, re.spectively. led to the suggestion that 
the substance might he a C--amino acid. Con- 
se-iuemly, the three leucine hornologs RCPL- 
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CHNHoCOOH were synthesized in which the R 
groups were - CHXHXH.CH^, - CH.CCH^)- 
CHCH,„ and - CHCCHJCHXH^. Chromatog- 
raphy of these known Cj-amino acids showed them 
to resemble the unknown patch, but none was 
identical with it. In a like manner, a similar sam- 
ple of polymyxin hydrochloride separated into 
nine fractions by alumina chromatography shoived 
that the hydrolyzates of all of these fractions -were 
indistinguishable from the products of pure poly- 
myxin B. The minor component produced by the 
strain ivas eliminated by adding alkali and pre- 
cipitating the free polymyxin B base. After sepa- 
rating the insoluble antibiotic, the presence of the 
extraneous substance could be demonstrated by 
chromatographing the filtrate on paper. Materials 
of high liiological activity purified through the 
free base followed by crystallization of the naph- 
thalene /^-sulfonate salt (8) showed but a single ac- 
tive component b}' partition chromatography. 

METHODS 

Paper cliromalo<jraphy. An apparatus for the parti- 
tion cliromatography method using paper was designed 
after suggestions of Consden et al. (10) and Goodall and 
Levi (9). The method of paper chromatography using 
ascending flow, described by Williams and Kirby (11), 
was adapted to the work discussed here by using the 
butanol-15% acetic acid-water solvent system and devel- 
oping in one dimension only. Both intact materials and 
hydrolyzates were similarly analyzed on paper (12). 

Hydroly.sis of all samples was carried out by a standard 
procedure. The sample was dissolved in 5 X IICl (5 to 
10% W/\') and heated for 2.5 hours in a scaled tube 
placed in a steam bath. This solution was evaporated 
to dryness in an oi)en dish on a steam hath, and the 
residue was dissolved in water so that the stock solution 
prepared for chromatography corre>iI)oniicd to a concen- 
tration of 100 pg./pl. of intact material. 

Solutions to he chromatographed were placed on spot< 
along a line 2 inches from the edge of a sheet of What- 
man Xo. 1 paper in amounts containing 10 to lUO pg. 
of intact or zOO to l.buO pg. of hydrolyzed polymyxin 15 
.\fter drying, the sheet was suspendes! in the cham’>er. 
inocnlaletl edge dovtu. for .at least one hour before st.artntg 
the drvc!(>pmrnt, so that the i'ni'er could emur to tap::- 
librium with the ntni.ophcre of the clemilK-r. The lowrr 
nlee o! the paj'er was then placet! in a iroueh containing 
hntarjob.arttir-.ariil-w.atcr mixture an! the ch:om.:.:".-ram 
w.as dtetlopt^l bt pn .a>v\:s « bint tl'V, ;.,r r.’*-:t 15 
bouts. Tbe d.tttl sV,.<t wc.s llti.-l iu 

fsi" r.!; 1 tl'.u with a 

in udmt.ot ’ Ko’;,:-.. ; . , o , 



myxin B fractions was made with known acids and with 
known acids added to the test material. 

Biological assay. In these studies, the method of bio- 
logical assay was essentially that developed by Stansly 
and Schlosser (13) and modified by Benedict and Sto- 
dola (14) using Brucella hronchiscptica, strain XRRL 
B-140. A polymyxin hydrochloride, containing 6,630 
units/mg., supplied by tile Wellcome Research Labora- 
tories (England), was used as a standard. 

The paper chromatograms of intact materials were 
further examined for antibiotic activities by drying at 
50°, after development, and pressing on agar plates 
(13" X 17") seeded with E. colt. After refrigerating at 
0° for two hours, the paper was removed from the surface, 
of the agar and the agar plate was incubated at 37° for 
15 hours. Active substances in certain samples were 
located by tbe zones of inhibition of the organism. 

EXPERIMENTAL 

Clarification of frrtiiciilalioii broth. Eight liters 
of a fresh]}' harvested broth was adjusted to pi I 
2 with dilute sulfuric acid and heated at 90° C. for 
30 luinutes so as to coalesce the cells and thin 
out tbe mucilage. About CO gm. of Super-Cel 
was added and the mixture was filtered. Tbe 
clarified filtrate showed no ajipreciable loss of ac- 
tivity. 

Adsorption of polyniy.rin on cotton soditini .snc- 
cinalc. Cotton acid succinate (15) was prepared 
by dissolving 25 gm. of fused sodium aceiale 
and 200 gm. of succinic anhydride in 1.500 ml. of 
glacial acetic acid ami submerging 50 gm. of cot- 
ton in this solution at 100° for 48 lionrz. The 
partially e.‘:lerified cotton was filtered, waslied with 
water, with dilute indrochloric acid atifl finally 
tlioronghly with water. The cotton acid .tiiccin.'Uc 
was found to be a jioor cation exchange mtulie.m 
for polymyxin. Therefore, the co’ton ari<! suc- 
cinate was convened to cotton .-odiutn succiiia'!- by 
snsjiemling tbe Kprmer in w.'iter and titrating: v. i;h 
dilute -odium hydroxide to a p!p.no|pI;tiial'-;:'. 
endj)oint. .Nfter filtering and v. .i-hin;; nb •.'.ait r. 
tbe product wa.- dried in T',:! a-' .'m p.r 24 ’-. ipr- 

i'hght htrr- of ti'.e cl.irifii 'I j- dvnr. \:n 11 bri.'.a 

unit' ml.) v.as p .uri •] int" i>-'un.r. i ■■ 
taming Stlgni. of c.c.t..-; :• 
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the polymyxin B eluted from the cotton sodium 
succinate column contained a histamine-like sub- 
stance which was detected by the lowering of the 
blood pressure in cats. 

Isolation of polymyxin B using Polar Yelloiv. 
The histamine-like substance could be removed 
from the polymyxin B eluate by purification 
through its Polar Yellow salt. Hence, the acid 
eluate was neutralized to pH 3.5 with sodium 
hydroxide and treated with 18 gm. of Polar Yel- 
low. After stirring the precipitate for 15 minutes, 
the mixture was filtered, v^ashed well with water 
and dried in vacuo at 50° for 48 hours. The dried 
mi.xture was kispended in 1 liter of a mixture of 
85% acetone-1 5% methanol and treated with 25 
ml. of a solution of triethylamine sulfate (0.45 
gm./ml.) in methanol in order to convert the poly- 
myxin B into the methanol insoluble sulfate. Af- 
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Fig. 2 

ter it was shaken for one hour„ the mixture was 
filtered, the jmecipitate was washed with acetone- 
methanol mixture and finally with acetone. After 
it was dried, the cake was triturated in 500 ml. of 
water, filtered, and washed with water. The 
colorless filtrate was vacuum^ freeze-dried ; a 3 deld 
of about 7a% of tbe active substance was obtained. 
The product had a potency of 5,200 units/mg. 
when assayed against B. hronchiscptica and had 
2.3% ash. 

Partition chromatograms of this intact material 
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showed a spot corresponding to the Rf value of 
polymyxin B and in addition the presence of a 
biologically active lower second patch (Figure 
lA). However, the hydrolyzate of the intact ma- 
terial showed only the presence of the expected 
components (Figure IB). 

In the course of investigating the contaminant, a 
comparatively large amount of the material was put 
onto chromatographing paper as a swath instead of 
individual spots. After the usual 15-hour develop- 
ment, a very small portion of this swath was nin- 
hydrin-treated to locate the spots. The remainder 
of the paper was cut horizontally so that two strips 
were obtained, each holding one component. The 
material held on each paper was eluted and hy- 
drolyzed separately. It was found, on chromato- 
graphing the hydrolyzates, that both spots gave 
identical amino acid spectra (Figure 2). 

Attempts to isolate enough of the active extrane- 
ous material for use in determining its contribu- 
tion to the toxicity in animals were made by study- 
ing the chromatography of the substances on al- 
umina. 

Brockmann alumina was treated with 50% 
sulfuric acid to pH 6.0, backwashed with distilled 
water until the washings were sulfate-free and 
dried 24 hours at 100° C. The dried alumina was 
transferred to the column as a slurr)-^ in methanol. 
After the column was packed, a solution of poly- 
myxin B hydrochloride (60,000 units/ml.) in 
anhydrous methanol was carefully poured into 
the column. The chromatogram was developed 
with absolute methanol, 95%-, 90%-, 80%-, 50%- 
methanol, water, and finally with 0.1 N and 0.5 N 
sulfuric acid. After the third fraction, each solu- 
tion leaving the column was collected until it 
showed less than 500 units/ml., whereupon the 
chromatogram was developed with the succeeding 
more dilute methanol. Twelve fractions were 
collected ; the methanol was craporated from each 
and the residue was vacuum freeze-dried. The re- 
sults of the column arc sumirarizcd in Table I. 

Portions of the first nine alcohol-developed frac- 
tions were rcdissolved and chronwiographcd in- 
tact on paper. The purest fraction (Xo. 1) ap- 
peared to be composed only of pol.vm\-xin B while 
the lowest potency fraction (Xo. 4) seemed to be 
made up mainly of tb.c minor component produced 
by this strain. .After going through a minimu.m, 
fractions o, 7, and 8 appeared to l»c con:rK>sed 


TABLE I 

Fraciiotis of polymyxin B from alumina column 


Fraction number 

Developing solution 

Potencj’ 

unils/mi. 

1 

100% methanol 

6750 

2 

100% methanol 

5350 

3 

100% methanol 

4150 

' 4 

95% methanol 

3530 

S 

90% methanol 

4750 

6 

80% methanol 

5750 

7 

80% methanol 

5750 

8 

50% methanol 

6050 

9 

50% methanol 

3700 

10 

water 

2040 

11 

0.1 N sulfuric acid 

— 

12 

0.5 N sulfuric acid 

40 


mainly of polymyxin B. Further examinations 
showed that the hydrolyzates of all of these frac- 
tions yielded identical amino acid spectra, indicat- 
ing that the two active substances are qualitatively 
related (Figure lA). This evidence is based upon 
the relative solubilities of the active components in 
two solvents, and in turn, on their relative speeds 
on two chromatograms. There was found to be 
some important difference between the active sub- 
stances because the lower component appears to be 
only weakly active biologically. The most effec- 
tive technique for eliminating the second compo- 
nent involves the precipitation of polymyxin B as 
its free base. This was achieved by the use of 
amines, ammonia, sodium hydroxide, etc. 

The purification oj polymyxin B by precipitation 
of its free base. Thirteen grams of poljnnyxin B, 
obtained from the Polar Yellow purification, were 
dissolved in 200 ml. of water. To the cooled solu- 
tion (0° C.) was added an aqueous solution of 
tricthylaminc until no furtlicr precipitation oc- 
curred (pH 11.0). The poI}Tny.\'in-B-frcc b.Tsc 
was filtered over Supcr-Ccl, washed with icc w.Ttcr 
and finally with ether until it was free of tri- 
cthylaminc. The base \s*as su.spcndcd in water 
and dissolved by the addition of dilute sulfuric acid 
(pH 2.5), and warming to 50°. It was neutralized 
(pH 5.5) with barium hydro.xidc .and filtered 
from the Iwrium sulfate. The clear filtrate v.as 
vacuum frcerc-dricd : yield 85%; jmency 7.2-70 
units/mg.; ash 0.5%. Tl'.c optical rotation in- 
crc.ised from —61'’ to —76°; and on chronat- 
tographing it cn pap-cr cr.ly one sp<t v.as ol rer.ed 
corresponding to the Rr v'alae tor poismyxin B. 
Ti'.c filtrate f.’'c.'n the tr:rt::yk..'T::ne j re-ri; '.’.I’.i'.r. 
was also vaennm freeze-dri'-! after r;ea:!ra!:,’at;''n 
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found in this portion. Paper chromatography 
showed this intact material to be composed mainly 
of the lower active component. 

Crystalline polymyxin B naphthalene ^-sulfo- 
nate. This crystalline salt was prepared (8) by 
suspending 12 gm. ofpolymyxin-B-freebasein200 
ml. of water, and adding a solution of naphthalene 
^-sulfonic acid with constant stirring to pH 5. 
The sulfonate was precipitated as a heavy oil. Af- 
ter standing, the supernatant liquid was decanted. 
The oil was washed three times with 150 ml. por- 
tions of water and dissolved in the minimum 
amount of ethanol. Additional alcohol was added 
until the solution appeared turbid whereupon it 
was allowed to stand at 5° for 18 hours. The 
sulfonate precipitate was filtered and washed with 
small portions of ethanol. It was then suspended 
in about 250 ml. of ethanol at 50° C. and treated 
with water until the sulfonate completely dissolved. 
The solution was stirred with 1 gm. of Darco 
G-60 at 50° for one-half hour and filtered. Etha- 
nol was then added to the decolorized solution until 
cloudiness appeared, and the solution was allowed 
to cool slowly. The white, crystalline sulfonate 
crystallizes as very fine needles. The sulfonate 
was recrystallized by redissolving the crystals and 
repeating the procedure described above. Analy- 
sis of polymyxin B naphthalene /5-sulfonate (dried 
in vacuo at 100° C. at 0.1 mm. Hg) : C, 49.11%; 
H, 6.81%; S, 6.31%; N, 13.41%; [a]=“D = 

— 63.3° (c, 1% in 75% ethanol in water) ; m.p. 
235-8° C. with decomposition. 

The crj'stalline polymyxin B naphthalene 
sulfonatc was converted to the hydrochloride by 
suspending the sulfonate in anhydrous methanol 
and adding concentrated hydrochloric acid until 
complete solution took place. Polymyxin hydro- 
chloride was precipitated by pouring the acidified 
methanol solution into six volumes of acetone 
since polymyxin B naphthalene /5-sulfonate is com- 
pletely soluble in this mixture. The polymyxin B 
liydrochloride, after drying, showed [o]=®d = 

— 75.7° (c, 1% in 75% ethanol in water). 

Partition chromatography on paper of the naph- 
thalene /5-sulfonate and the sulfate produced by 
metathesis reaction consistently showed a single 
conqioncnt. Acid hydrolyzates of this component 
sh.owed tlie presence of threonine, leucine, phenyl- 
ab.nifiC, c.y-diaminobutyric acid, and a Q optically 
active fatty acid. 


Acid hydrolysis of crude and crystalline mate- 
rials yielded an optically active acid previously iso- 
lated and described by Catch, Jones and Wilkinson 
(2). After heating in concentrated hydrochloric 
acid, the fatty acid component was isolated by 
extraction with ether and distillation of the solvent. 
The yield of fatty acid was approximately 5% by 
weight of intact polymyxin of 5,000 units/mg. 
The crude acid was distilled in vacuo under nitro- 
gen, and a clear colorless product was obtained 
with the following properties: b.p. 117-120° C. at 
7 mm.; n 1.4307; [a]*®p = -f 32° (c, 1% in 
methanol) ; sp. gr. 0.93 ; mol. wt. (sodium hydrox- 
ide titration) 157.3. Anal. Calcd. for CsHigOj: 
C, 68.4; H, 11.4. Found: C, 68.2; H, 11.4. 
Amide: m.p. 96° C. p-Bromphenacyl ester: m.p. 
60° C.; [a]2®p=— 25° (c, 1% in methanol). 
This optically active isomer of pelargonic acid has 
been recently shown to be cf-6-methyloctan-l-oic 
acid by Wilkinson (8). 

SUMMARY 

A method for the recovery, purification and 
crystallization of polymyxin B is described in 
which the fermentation broth is clarified, adsorbed 
on cotton sodium succinate, eluted, precipitated as 
the polymyxin B Polar Yellow salt, converted to 
the free base and crystallized as the naphthalene 
/5-sulfonate salt. Purification through the Polar 
Yellow salt removes a histamine-like contaminant, 
but does not remove a second minor active compo- 
nent the presence of which was demonstrated by 
partition chromatography on paper. The extra- 
neous active substance is soluble in excess of base 
and can be separated from the insoluble basic poly- 
myxin B. Paper chromatograms of the crystalline 
polymyxin B naphthalene /5-sulfonate show a sin- 
gle component. The composition of the hydroly- 
zates of the polymyxin B and the minor active 
constituents are qualitatively related since they 
show the same acid spectra: Threonine, leucine, 
phenylalanine, a,y-diammobutyric acid, and a Q 
optically active fatty acid. 
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LABORATORY AND CLINICAL STUDIES OF 
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AND JAMES F. CONNELL, JR 

(From the Surgical Research Unit, Brooke General Hospital, Brooke Army Medical Center, 

Fort Sam Houston, Texas) 


The antibiotics, polymyxin A B C D and E, have 
been described in the recent literature. Their anti- 
bacterial spectra are similar. They differ from 
one another in amino acid content. It is the pur- 
pose of this presentation to describe our studies 
of the antibacterial activity, pharmacology, un- 
toward reactions, and clinical experience with 
polymyxin B and polymyxin E.® 

IN VITRO ACTION 

We found that the susceptibility to polymyxin 
of 78 strains of ten different genera by the tube 
dilution test (Table I) is marked against Salmo- 
nella, Shigella, Klebsiella, microorganisms of the 
colt aerogcncs groups, and most importantly, Pseu- 
domonas. Brucella and many staphylococci are 
moderately sensitive, while Proteus and hemolytic 
streptococci are refractory. It is of interest that 
a strain of Pseudomonas, which developed high 
resistance to streptomycin in three daily transfers, 
did not become resistant to polymyxin after 27 
transfers. Size of inoculum and human serum re- 
duced but slightly polymyxin activity. The con- 
centration of polymyxin required to inhibit Kleb- 
siella and Pseudomonas is not reduced significantly 
by the addition of subinhibitor)' amounts of strep- 
tomycin, aureomycin, sulfadiazine or penicillin, 
either singly or in several combinations. Poly- 
myxin antagonizes the cumulative streptomycin- 
penicillin action on Proteus. 

1 Presented at the Second National Symposium on 
Recent .Advances in Antibiotics Research held in Wash- 
injrton, D. C., .April 11-12, 1949, under the auspices of the 
.Antibiotics Study Section, National Institutes of Health, 
Public Health Scr\-ice, Federal Security Agency. 

*No objection to publication on grounds of Military’ 
Security 11 .April 1949. F.C.N. By authority. Dept, of 
the Army Public Inform.ation Division. 

’ Major, bf.C.. United States .Army. 

♦Captain, M.C., Unite<l States .Arm.y. 


The administration of polymyxin to patients in 
divided doses by the intramuscular route in a daily 
dosage of 2 to 4 mgm. per kilogram of body weight 
results in blood serum concentrations of 1 to 8 fig. 
per milliliter. The peak occurs 30 minutes to two 
hours following injection; one-half the peak level 
is noted at six hours, and the drug can be detected 
in blood serum up to 12 hours. When the in- 
jections are repeated at six-hour intervals, blood 
serum levels in excess of 30 fig. per milliliter may 
be obtained after four doses. No cumulative in- 
crease in blood levels has been noted when the 


TABLE 1 

Sensitivity to “aerosporin" polymyxin B 


Organism 

No. 

strains 

tested 

Sensitivity range 
in ;ig./ml. 

Mean 

sensitivity 

(ig./ml. 

Salmonella 

5 

0.08- 0.3 

0.18 

Shigella 

7 1 

0.08- 0.6 

0.3 

Klebsiella 

S 

0.16- 1.2 

0.48 

CoH-aerogenes 

17 

0.06- 1.6 

0.8 

Pseudomonas 

19 

0.3 - 3.1 

1.2 

Paracolobacter 

2 

1.2 - 1.6 

1.4 

Staphylococcus 

6 

1.2 - 5.0 

2.0 

Brucella 

8 

0.6 -12.0 

4.1 

Beta hemolytic 

6 

3(1).->12.0 

>12.0 

streptococcus 




Proteus 

5 

100.- >100. 

>100. 

Total 

78 




drug is administered every 12 hours in a dosage 
of 1 mgm. per kilogram. Polymyxin is excreted 
in the urine less rapidly than penicillin and 
streptomycin. The amount detected in the first 
12 hours after injection is less than 0.1% of 
the injected dose. After 12 hours, excretion in- 
creases progressively (Figure 1). On a dosage of 
3 mgm. per kilogram of body weight per day levels 
in the urine range between 40 and 400 fig. per 
milliliter after 24 hours of therapy. 

We have noted that less than 1% polymyxin 
passes through Zeitz or sintered glass ultra fine 
filters. It is practical to sterilize urine for assay 
by heating the sample to 60° C. for one hour. 


* Kir.i’.y iupp!:c''. by Burroughs Wencome and Com- 

ra"y. 
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Solutions of the drug are not inactivated by this 
treatment, but loss of potency is noted after heat- 
ing to 100° C. for ten minutes. Cysteine does not 
appear to antagonize polymyxin activity. 

CLINICAL EXPERIENCES 

The therapeutic effectiveness of polymjocin has 
been tested at Brooke General Hospital in a series 
of patients with infections of the urinary tract and 
infections in granulating wounds. Also, the drug 
orally administered has been evaluated as an intes- 
tinal antiseptic in preparation of the bowel for 
surgcr}'. 

Twenty patients with severe urinarj- tract infec- 
tions were treated with polymj'xin intramuscularly 
administered over periods of one to six days in 
dosages of 2 to 5.6 mgm. per kilogram of bod}' 
weight per day, divided in two, four, or six doses. 
The average, and we now believe the optimum 
dose, was 2.5 mgm. per kilogram per day divided 
in four doses for three days. Pain at the site of 
injection was common, but obwated by solution 
of the drug in aqueous procaine. Xinetcen of 
the 20 p.iticnts bad extended p.'-evious tri.ils of 
other chemotherapy. Ten of tlic 20 p.aticn !5 were 
regarded unequivocally as hcr.cfiicd. Improve- 
ment in most instances was ob5cr\-cd after 24 
hours. n< maniicsted by marked reduction or clirni- 
nation of bacteria fron.i tlie urir.e, regression of 
swupto!*'.'. decre.a'-e in fever and pro's and inicrr- 
sccpic improvemem in tk.c urine. In all ratier.t* 


listed as benefitted, there was no bacteriological 
relapse up to three weeks after cessation of treat- 
ment. The most dramatic responses are obtained 
in polymyotin-sensitive, acute pseudomonas pye- 
lonephritis. Usually, 12 hours after polymyxin 
therapy is begun the infection appears under con- 
trol. The results of therapy in seven of the 20 
patients are considered doubtful, either because 
there was little symptomatic improvement, or the 
urine was not rendered completely or permanently 
bactcria-free. In three of the 20 patients treat- 
ment was regarded as an outright jailtirr. X'atu- 
rally drug-resistant organisms were present in one 
and multiple cortical abscesses in scarred kidneys 
in the oilier two. 

It is of importance that drug resistance did not 
develop in any of the cultures of these {laticm.'. 
There can be little doubt of the therapeutic cfTcc- 
tivcncss of poh'myxin for tb.c treatment of urin.ar}' 
tract infections produced by susccjitiblc gr.nm- 
ncgalivc bacilli, particularly acute p<cudomor.as 
pyelonephritis. 

Poh'myxin or.ally admini'-tered docs not produce 
detectable lilood levels. I; cxt.'l' a r.ar:d bccterie- 
static action on mo't colifomi I r.cteri.a, r.* '.'.t" r.' 
on seme types of ccci. Sofution' of tk.-' drug 
were a'Jmir.i.'tertd by m u;:-, to 14 jub-ert* i". d- 
c: citi'.cr 2CO or 4X’ m;ur,. ter i.'!'grc.r'. d:v. 
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number, while Clostridia and Monilia were un- 
affected. Suppression of coliforms was main- 
tained for 1 1 to 24 days, at which times the drug 
was withdrawn. Coliform organisms returned one 
to six days following cessation of therapy. In only 
one subject ingesting 2.5 mgm. per kilogram per 
day did the E. coli reappear in the stools during 
treatment. This organism was sensitive to 0.78 
per milliliter of polymyxin. Continuation of 
therapy for five additional days eliminated these 
bacteria. All coliform organisms tested were sen- 
sitive to polymyxin before and after therapy. It is 
apparent at this stage of the study that 200 mgm. 
a day is a minimally effective dose, and that 400 
mgm. is a more consistently suppressive dose. 

Several granulating wounds infected with Ps. 
aeruginosa were treated by the topical application 
of 1% polymyxin in salt solution or carbowax 
base, with eradication of the organisms in all in- 
stances, except where devitalized tissue was 
present. 

TOXICITY 

No patients in this series developed any of the 
usual drug sensitivity reactions. No evidence of 
toxicity was noted following topical or oral ad- 
ministration of the drug. In the case of intra- 
muscular injection, in nearly every instance neu- 
rologic disturbances were present, as manifested 
by paresthesias and hypesthesias mainly about the 
face and scalp, mild dizziness and weakness. 


These symptoms usually appeared with the first 
dose, and persisted throughout the course of treat- 
ment. The only objective neurologic abnormality 
was circumoral flush. Neurotoxic symptoms dis- 
appeared in every instance within 24 hours after 
the last dose was administered. In no case were 
the symptoms severe enough to warrant cessation 
of therapy. 

When the daily intramuscular dosage did not 
exceed 2.5 mgm. per kilogram, there was no in- 
crease in the blood urea nitrogen or non-protein 
nitrogen, nor was there any clear-cut evidence of 
nephrotoxicity in the form of tubular damage at- 
tributable to the drug. It is reiterated that most 
subjects given the drug initially had abnormal 
urines. Patients with normal urines did not pre- 
sent nephrotoxicity after three to five days on a 
dosage of 2 mgm. per kilogram of body weight. 
When the dosage was 4 mgm. per kilogram or 
more, tubular damage was usually noted, as evi- 
denced by increased albuminuria, red cells, white 
cells, renal cells and inconstantly, granular casts 
in the urine. Oliguria and fixation of the specific 
gravity at a low level were not demonstrated in 
any of our cases. Urinary abnormalities produced 
as a result of drug therapy disappeared within 
four days after the drug was stopped. Both poly- 
myxin B and polymyxin E are essentially similar 
in their toxic effects. We are encouraged by the 
relative absence of neurotoxicity in a recently 
tested batch of polymyxin E (EA 113). 
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SUMMARY 

Polymyxin B and polymyxin E are potent 
chemotherapeutic agents against susceptible gram- 
negative urinary tract infections, including those 
produced by Ps. aerughwsa. They are useful topi- 
cally applied in eradicating these organisms in 
granulating wounds. Polymyxin is a potent in- 
testinal antiseptic. Drug resistance of bacteria 
incident to therapy does not occur. Certain re- 
versible neurotoxic phenomena occur following 
intramuscular injection of the drug, both with 
• polymyxin B and polymyxin E, even with a single 
50 mgm. dose. When the daily dosage exceeds 2.5 
mgm. per kilogram, intramuscularly administered 
every six hours, nephrotoxicity is encountered. 


Further toxicity studies on patients receiving 2 
mgm. per kilogram per day intramuscularly are 
in progress. 
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PREPARATION OF A MODIFIED SUBTILIN SUITABLE FOR THE 
TREATMENT OF TUBERCULOSIS AND OTHER 
INFECTIONS IN ANIMALS " 

By a. J. SALLE and GREGORY J. JANN 
{Frojn the Dcpartmciit of Bacteriology, University of California, Los Angeles) 


Subtilin is an antibiotic extracted from the cells 
of a particular strain of Bacillus subtilis}’ ^ It is 
a low molecular weight substance that dialyzes 
through collodion membranes, is sensitive to light 
and alkali, and has the structure of a peptide. 

Subtilin is soluble to at least 30 per cent in salt- 
free acidified solution. The solubility in acid solu- 
tion is markedly decreased by the presence of salt. 
In the presence of 0.5 to 1 per cent of sodium chlo- 
ride the solubility is reduced to approximately 0.5 
to 0.2 per cent. The addition of serum to an 
aqueous solution of subtilin produces a marked 
precipitation. The antibiotic is probably a basic 
substance giving water-soluble salts (1). 

The antibacterial spectrum of subtilin (2) is 
similar to that of penicillin. It seems reasonable 
to postulate that the antibiotic might prove useful 
in infections caused by penicillin-fast or penicillin- 
resistant organisms. In addition, subtilin is effec- 
tive against Mycobacterium tuberculosis which is 
not antagonized by penicillin. 

The low solubility of subtilin in salt solutions 
and in serum is probably a desirable property in 
the treatment of infections caused by such organ- 
isms as the pneumococcus (3), streptococci (4), 
micrococci (5), the anthrax bacillus (6), etc., in 
which relatively small doses are required. Pre- 
cipitation of the antibiotic in the presence of body 
fluids should slow down its elimination, thus giv- 

^ Presented at the Second National Symposium on 
Recent .Advances in Antibiotics Research held in Wash- 
in,;:ton, D. C., April 11-12, 1949, under the auspices of the 
.Antibiotics Study Section, National Institutes of Health, 
Public Health Service, Federal Security Agency. 

- This work was aided by a grant from the .Anti- 
biotics Study Section, National Institutes of Health, 
United St.ates Public Health Service, Bethesda, Mar>'- 
lar. !. 

’ The c-.’Iture was originally obtained from Dr. N. R. 
Su’ith. o: th.e Piurcau of Plant Industry, United States 
! )■.-; a rt-ment of Agriculture. Washington. D. C. 

* The used in th.ese experiments was kindly 

u”, ; h-! by t’-; Western Regi'nal Research Laboratory. 


ing a more prolonged effect. However, for the ef- 
fective treatment of tuberculosis the antibiotic con- 
centration of the tissues must be maintained at a 
very high level. Unless the solubility of subtilin 
in the presence of serum can be increased it- will 
be of limited value in the chemotherapy of 
tuberculosis. 

EXPERIMENTAL 

The solubility of the antibiotic may be im- 
proved considerably as follows : 1. Dissolve 1.5 gm. 
of subtilin in 50 ml. of 20 per cent urea in distilled 
water; 2. dissolve 0.1 gm. of pectin in 50 ml, of 
distilled water; 3. mix 1. and 2. and let stand 
overnight at room temperature for a precipitate 
to settle out. Centrifugate the mixture and decant 
the clear supernatant liquid. This clear liquid con- 
tains subtilin that is soluble in serum in all propor- 
tions and may be administered without any fur- 
ther treatment. 

The injection of unmodified subtilin subcuta- 
neously resulted in the formation of very hard 
nodule-like deposits under the skin. The subtilin 
was apparently largely precipitated. Sometimes 
these deposits produced an ulceration of the skin 
followed by discharge of the insoluble subtilin. 
Obviously, not many injections could be given. 
The addition of urea to a solution of subtilin in- 
creases its solubility and prevents precipitation of 
most of the antibiotic in the presence of serum. 
The pectin precipitates out that portion of the 
subtilin that is not soluble in the presence of serum. 
The removal of the precipitate gives a serum- 
soluble subtilin that does not produce nodule-like 
deposits when injected subcutaneously but is com- 
pletely absorbed. 

The project on the chemotherapy of tuberculosis 
has been under way for a period of approximately 
three years. At least 15 experiments have been 
completed involving a total of over 700 guinea 
pigs. The work has involved proper dosage, num- 
ber of doses daily, route of injection of subtilin, 
and preparation of subtilin before injection. 
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' In most experiments a total of 48 guinea pigs 
were used weighing approximately 500 gm. each. 
The animals were infected subcutaneously with 0.3 
mg. each of Mycobacterium tuberculosis H37Rv 
grown in Proskauer and Beck’s synthetic medium, 
then divided into four groups. Group 1 animals 
received subtilin alone ; group 2 received strepto- 
mycin alone ; group 3 received a mixture of sub- 
tilin and streptomycin ; and group 4 animals served 
as controls. Treatments were commenced gener- 
ally the same day that the animals were infected. 
The antibiotics were injected subcutaneously three 
times a day at 9 a.m., 3 p.m., and 9 p.m. for 42 
consecutive days (six weeks). The results of only 
the last three experiments are reported here. 

Control Guinea Pigs. Animals in this group 
were inoculated with Mycobacterium tuberculosis 


TABLE I 

Guinea pigs were infected with M. tuberculosis H37Rv 
but not treated (controls) 


Animal 

Liver 

Lungs 

spleen 

Animal 

Liver 

Lungs 

spleen 

AI 

+ + 

0 

+ + + 

B9 

+ + 

+ + + 

+ 4- 

A2 

0 

0 

+ + 

BlO 

+ + 

4*4’4’ 

+ + 

A3 

0 

0 

+ + 

BU 

0 

++ 

+ + 

A4 

++ 

0 

+ + + 

Cl 

0 

++ 

0 

AS 

++ 

++ 

+ + + 

C2 

0 

+++ 

+ + 

Bl 

+++ 

++ 

+ + + 

CJ 

0 

+++ 

0 

B2 

+++ 

0 

+ + + 

C4 

0 

+++ 

0 

B3 

+++ 

+++ 

+ + + 

CS 

0 

4*4*4* 

*4*4 

B4 

0 

+++ 

+ + + 

C6 

++ 

+++ 

4* *4 

BS 

4*++ 

+ 4’ 4* 

0 

C7 

0 

+++ 

0 

B6 


0 

4-4- 

C8 

+ + 

4* 

4**4 

B7 

++ 

0 

++ 

C9 

0 

*4 4*4’ 

4-4* 

B8 

'i-4‘ 


+++ 

CIO 

++ 

4* 4* 4* 

++ 


0 = No macroscopic lesions 
= Vcr>' slight infection 
+ -i- “ More pronounced infection 
+ + + = Heavy infection 

H37Rv but not treated. They served as the con- 
trols. The results arc given in Table I. The 
method of designation of the degree of infection 
in this and in subsequent tables is as follows: 
0 = no macroscopic lesions ; -h = vciy slight in- 
fection; + + = more pronounced infection; and 
+ + + = heavy infection. With a few exceptions 
animals in this group showed pronounced to hca \7 
infections in the liver, lungs, or spleen. A large 
nodule was present at the site of the original 
intcction. 

Animals Treated udlh Streptomyrin. Twenty- 
six gtiiju-a pigs were treated with 9^39 units of 
strcptotm-cin per d.ay (Ih.rcc injections) over a 
ixriod ot six week-:. With a tew couhtful cxccj>- 
tions r.o nuicroscopic lesions wc.'c noted. .■\r.imal.< 


TABLE II 


Treatment of guinea pigs with streptomycin 2400 units {day 
(three injections) for a period of six weeks 


Animal 

Liver 

Lungs 

Spleen 

Animal 

Liver 

Lungs 

Spleen 

A1 


0 

0 

B9 

0 

0 

+ 

A2 

0 

++ 

4* *4 

BIO 

++ 

+ + 

4* *4 

A3 

0 

0 

+ 

Cl 

0 

+ + 

0 

A4 

0 

+ + + 

++ 

C2 

0 

0 

++ 

AS 

0 

0 

0 

C3 

•4* 

+++ 

4* “4 

Bl 

0 

+++ 

0 

C4 

0 

++ 

0 

B2 

0 

0 

++ 

CS 

0 

0 

0 

B3 

0 


0 

C6 

++ 

++ 

++ 

B4 


+++ 

4*4“ 

C7 

0 

0 

0 

BS 


0 

++ 

C8 

++ 

++ 

“44* 

B6 

0 

0 

0 

C9 

0 

0 

-4*4 

B7 

+ 

0 

++ 

CIO 

+ 

0 

++ 

B8 

++ 

*44“ 

++ 

Cll 

0 

0 

0 


0 = No macroscopic lesions 
-f- = Very slight infection 
-i-4- = More pronounced infection 
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appeared normal except for a small nodule at the 
site of infection. 

On the other hand, a similar number of infected 
animals treated with 2400 units of streptomycin 
per day exhibited an entirely different picture. 
The results are reported in Table II, Five of the 
animals were macroscopicaliy negative. In the 
others tlie antibiotic produced only a suppressive 
effect. Lesions were present in the liver, lungs, 
or spleen. 

Animals Treated with Subtilin. A group of 
guinea pigs were treated with 22 mg. of subtilin 
per day (three injections). The results are re- 
corded in Table III. One-half of the animals were 
treated with a lot of subtilin that e.xhibitcd a low 
tuberculostatic effect; the other half were treated 
with a quantity of subtilin that showed a high 
tuberculostatic action. Of the 11 animals in the 
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Treatment of guinea pigs with subtilin 22 mg./day 
(three injections) for a period of six licfij 
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TABLE IV 

Treatment of guinea pigs with streptomycin 2100 units and 
subtilin 22 mg. I day (three injections) for a 
period of six weeks 
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0 = No macroscopic lesions 
+ = Very slight infection 
+ + = More pronounced infection 
+ -{- + = Heavy infection 

latter group, five were macroscopically negative. 
The remaining six exhibited very light infections 
indicating a pronounced suppressive effect. 

Animals Treated with a Mixture of Strepto- 
mycin and Subtilin. In this series the animals 
were treated with both antibiotics. In the earlier 
experiments the antibiotics were injected sepa- 
rately. In the later experiments it was found that 
the two antibiotics could be mixed and given in 
one injection. The results are reported in Table 
IV. It may be seen that the animals responded 
excellently to such treatment. Of a total of 26 
animals, 21 were macroscopically negative; the 
remaining five animals exhibited extremely light 
infections. 

DISCUSSION 

Subtilin is not a uniform compound but contains 
a fraction that is insoluble in serum. The re- 
moval of this insoluble fraction gives a product 
that is soluble in serum in all proportions. 

It is felt that emphasis should be placed on the 
results reported in Table III. They indicate that 
subtilin might well be used alone for the treatment 
of tuberculosis. It is seen that the animals treated 
with a good lot of subtilin responded favorably to 
treatment and that no toxic manifestations were 
evident despite the massive doses administered. 
The low toxicity of subtilin ij: ffi'o is in keeping 
with its results in t-itro wlicre it was found that 
tb.e ai'.tibiotic was approximately 20 times more 
toxic to .'.ficrccc'ccur pyogenes var. aureus than to 


living embryonic chick heart tissue fragments (7). 

A number of subtilin samples, prepared and 
purified at the Western Regional Research Labo- 
ratory, United States Department of Agriculture, 
have been tested for their tuberculostatic potencies. 
In view of the known impurity of the antibiotic, 
the samples showed great variation in their action 
on the tubercle bacillus. However, subtilin pre- 
pared and purified by a method which would give 
consistently good results might well be used in the 
treatment of tuberculosis. 

Another point which we should like to stress is 
that the antibiotic may be combined with strepto- 
mycin in the chemotherapy of tuberculosis, thereby 
decreasing the dosage of the latter. By so doing, 
toxic manifestations of streptomycin may be con- 
siderably reduced or perhaps eliminated completely. 
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Penicillin 

Factors Affecting Paper Chromatography of PenkiUins. 
Maevin J. Johnson. Department of Biochemistry, 
University of Wisconsin, Madison, Wise, 

Although penicillin chromatography has been used to 
illustrate the factors discussed, much of the material is 
equally applicable to chromatography of other antibiotics. 

The performance of an analytical chromatogram may 
be expressed in terms of its resolving power which in 
turn may be defined as being inversely proportional to 
the percentage difference in distribution coefficient neces- 
sary to produce a given separation of two components. 
The resolving power of a chromatogram for any pair of 
components is calculable if certain basic data are at hand. 
In other words, it is possible to predict whether a given 
set of chromatographic conditions will effectively sepa- 
rate a given pair of components, or at least to predict 
under what conditions separation is most likely to occur. 

Variation in pH constitutes a convenient method of 
changing the rate of migration of all components by an 
equal factor. Change of solvent usually produces an 
analogous effect. By proper choice of pH and solvent, 
any desired component may be brought to the region of 
maximum resolution in the chromatogram. Variation in 
amount of mobile phase allowed to flow causes a change 
not only in the position of the components on the chro- 
matogram, but also in their degree of separation. By 
changing both pH and amount of solvent flow, enhanced 
resolution may be obtained. Unless excessive flow rates 
or other faulty techniques are used, the number of theo- 
retical plates realized per unit length of column is prob- 
ably largely determined by the type of paper chosen. 

Comparative Penicillin Assays. D. K. Kitchen, El. W, 
Thomas, C. R. Rein, and W. E. Crutchfield, Jr. 
Bristol Laboratories, Inc., New York, N. Y. 

The purpose of this study was to establish, from a prac- 
tical standpoint, the degree of accuracj' and consistency 
inherent in two assay procedures. Known standards of 
co'stallinc Penicillin G in three concentrations (approxi- 
mately 3.0, 0.3 and 0.03 units/cc.) in three diluents (gela- 
tine, phosphate buffer and human serum) were prepared. 
These were assayed by the “cup plate method’’ using Sar- 
eina luteo as test organism and the ‘‘serial dilution method” 
using B. subtilis as test organism. Fifteen duplicates were 
performed using each method at each concentration. All 
assays were performed immediately following the prep- 
aration of the standards from the dry stable salt. The 
results arc graphically portrayed in a tabic giving nu- 
merical s-alues obtained on average blood levels and the 
percentage of standard measure;! by each method. A 
cltart depicting individual assay distribution iv. 7 inM has 
l>ecn prepared. Tins demonstrates dearly tint under Ube 
conditions studied it is apparent tltat the “cup plate” aitav 
prvvnlurc is more accurate than the “sc.'-ia! dilution” 
method. 


The Pathogenesis and Pathology of Airborne House 
Pneumonitis Virus Infection in Mice. II. The Effect 
of Penicillin and Sulfadiacine on the Developing Lesion. 
Clayton G. Loosli. Department of Medicine, Univer- 
sity of Chicago, Chicago, III. 

Fatal pulmonary infections can be produced in mice by 
allowing them to breathe air for one hour in a 60-litcr 
chamber into which is atomized 4 cc. or more of 10'* dilu- 
tion of mouse lung suspension of mouse pneumonitis virus. 
Animals die of extensive pulmonary consolidation from 
ten to 16 days following exposure. Intranasal inoculation 
(0,05 cc. of virus suspension) kills mice in 48 hours. 
There is evidence microscopically that the virus vesicle 
develops extracellularly on the surface of the alveolar 
walls as well as intracellularly in the bronchial epithelial 
cells. 

Total daily doses for 16 days of 2,000 units of Penicillin 
G in saline given subcutaneously (500 units per 0.1 cc. 
dose) immediately before or after airborne inoculation 
suppressed the development of the lesion but did not ster- 
ilize the lungs. Seventy-two hours after discontinuing 
penicillin, gross lesions were present and large amounts 
of virus could be obtained from the lungs of the treated 
animals. Sulfadiazine (8 mgm. per day in four doses, 
0.1 cc. subcutaneously) sterilized the lungs after seven 
days of treatment 

Penicillin G (8,000 units per day in 8 doses, 0.1 cc. sub- 
cutaneously) given at three-hour intervals following in- 
tranasal inoculation altered greatly the developing virus 
vesicle as seen roicroscopically. Sulfadiazine (20 mgm. 
per day) prevents the development of the virus vesicle. 

The above observations on the effect of antibiotics on 
the mouse pneumonitis virus may be of \-aIuc in furtlicr 
elucidating the fundamental nature of the viruses of the 
psittacosis lymphogranuloma group. Detailed reports of 
the above studies will appear later. 

Hyperser^tivity to Penicillin. J. F. Waldo and JrANNF. 
T. Tyson. Department of Interna! Medicine, College 
of Medicine, University of Utah, and Salt Lake Gen- 
eral Hospital, Salt Lake City, Utah. 

In certain instances it has been possible to demonstrate 
by passive transfer, employing the Prausnhz-Kuftr.er 
technique, a circulating antibody to penicillin. This pas- 
sive transfer was best accomplished from severely react- 
ing subjects during Uic most active plate of the reaction 
The antigen emploj'ed for the passive t.-ansfer v.as crys- 
talline Penicillin G dissolved in saline. 

By binding cry stall me benryl p>en:cil!!n (Pcn:t:’!:n G) 
to pure human albumin and injecting this in ral’;;s an 
antibody las been produced which, gisrs a nccsl-rat*!/ 
strong complement fixaticn reacticn with th- alh.-.e:-,- 
penitiULn mixture after a" rractis-ty to r’..";un a!!-.-'---; 
has been ihserled. Pcnirillin a!'^-, ad- ■rhts.'r-l t-. - 

rabbit, has failed to ; reduce surh, an anti’i-dy, F 
denec has alt-o leer, e' tain-d v.ruh in.'irat-s w'- — ; 

penicillm. is bcemd t- hun-.a-. a’V~.:n, rr i*:.. 


1039 



1040 


ABSTRACTS 


genic product behaves in the manner of a mixed antigen 
while the human albumin used in the experiment behaves 
in the manner of a pure antigen. Quantitative studies of 
this antigen-antibody system seem to substantiate this. 

Comparative studies with n-heptyl penicillin (Penicillin 
K) are now in progress because it is believed by most 
observers that this penicillin is more completely bound 
to the protein than is benzyl penicillin. If this is true the 
antibody reaction should be more marked. 

Inasmuch as it is known that penicillin is bound in vivo 
to albumin it seems reasonable to suppose that when peni- 
cillin is administered to man, the penicillin haptene cou- 
pled to albumin in vivo constitutes an antigen which leads 
to the production of an antibody specific for this haptene 
group. This might well account for the penicillin sensi- 
tivity reactions observed in man. 

The Jarisch-Herxheimer Reaction in Early Congenital 
Syphilis. A Study of 93 Patients Treated with Peni- 
cillin Alone. Harold A. Tucker i and Osvaldo A. 
Pardo.* U. S. Public Health Service and the Johns 
Hopkins Venereal Disease Research and Post-Graduate 
Training Center, Baltimore, Md. 

Between 1943 and March, 1948, 93 children under three 
years of age were diagnosed as having untreated early 
congenital syphilis at the Johns Hopkins Hospital. Each 
was treated with penicillin as the sole antisyphilitic agent. 
A fever of 38° C. or greater in a previously afebrile pa- 
tient, occurring from four to 36 hours after the start of 
penicillin administration and lasting less than 36 hours, 
was interpreted as a febrile Jarisch-Herxheimer reaction. 
Forty-five children (48.5 per cent) showed such reactions. 

No relationship between incidence and magnitude of 
the reaction and age, race, sex, type of congenital syphi- 
lis, serologic titer or outcome, was observed. The type 
of penicillin (e.g., amorphous or crystalline G) likewise 
did not appear to be a factor nor, within the range of 
250 to 7,690 units/kg. of body weight, did the gravimetric 
dosage given. When it occurred, the reaction seemed to 
be entirely analogous to that seen in the adult with early 
acquired syphilis. 

Five of the 93 children died and in each case prema- 
turity, malnutrition, general debility and/or intercurrent 
disease were complicating factors. None of these deaths 
was believed by us to be directly attributable to the 
Jarisch-Herxheimer reaction. It was our feeling that the 
outcome was largely dependent upon the general condition 
of the patient, and that a successful result depended as 
much, or more, on general pediatric management as upon 
the type or amount of syphilotherapy employed. 

Trestt-.ent cf I’a^iour Infections xAtk c Single Injection 
c Injections at Five Day Intcnvls of 300,0(10 Units 
(1 cc.) F'raccinc Penicillin in Oil 2 per cent WjV 
.■•Iti’ni-.i.rn Ofcn.'ste.fate. W.slter Kurl.\xd and Ha?,- 

1 Djp.irtn'.er-t of Bacteriology, University o: Southern 
vCa'i; -rrii Sol: ■-■ I cf Medirire, Los .Angeles, California. 

• D •y,irtr"rf'.t cf Dern’.atology and Ss'philo'cgy, Univer- 
sity cf iiifar’,!, Q'A.a. 


OLD L. Hirsh. Georgetown University Medical Divi- 
sion, Gallinger Municipal Hospital, and the Department 
of Medicine, Georgetown University School of Medi- 
cine, Washington, D. C, 

The present study was undertaken to determine whether 
common mild and moderate infections can be adequately 
treated by a single 1 cc. dose of procaine penicillin in oil 
with aluminum monostearate containing 300,000 units. 

Included in this series were 41 patients with scarlet fe- 
ver. In all but three, throat cultures became negative 
within 48 hours after administration of the penicillin. 
These three became negative after 72 hours. One of the 
three became positive again after 96 hours and persisted 
as a carrier until a second dose was given on the 11th 
day, whereupon he again became negative. Two of the 
41 patients developed complications. One developed a 
serous meningitis on the seventh day which cleared rap- 
idly within several days. Another patient developed a 
purulent otitis media on the tenth day, after having been 
taken home inadvertently on the preceding day by her 
parents. Temperatures fell to within normal limits within 
48 to 72 hours in all patients except three, and in two 
additional patients therapy was given. It was strongly 
suspected that one of these patients did not receive his 
initial dose and the other required sulfonamides. 

Of the 82 patients with lobar pneumonia, three failed 
to respond adequately to the single injection but recovered 
following the administration of additional doses, and in 
two suppuration in the pneumonic area developed which 
was treated with intensive antibiotic and chemotherapeutic 
drugs. Seven patients, all with serious complications, 
died ; delirium tremens (2) ; severe cardiac disease (2) ; 
diabetic acidosis (1) ; asthma with purulent bronchitis 
and an acute lung abscess at another site (1) ; and pos- 
sible renal disease (1). 

Successful results were obtained in nine patients with 
otitis media; one with a hemolytic streptococcus pharyn- 
gitis; one with a Vincent’s infection of the throat, and 
three with cellulitis. 

Delayed Administration of Oral Penicillin ^ as Prophy- 
laxis for Gonorrhea. V. W. H. Campbell, = William 
J. Dougherty,- and C. E. Curtis.^ Communicable 
Disease Control Section, Department of the Navy, 
Washington, D. C. 

The study of the prevention of gonorrhea by Eagle et 
al. has indicated that the utilization of per oral penicillin, 
100,000 to 250,000 units, within a short time after venereal 
e.xposurc is highly effective in the prevention of gonor- 
rhea. 

The operation of a Naval Force in an area where high 
venereal disease rates prevailed afforded the opportunity 
to conduct further study designed to determine the feasi- 
bility and efficiency of prophylaxis by oral penicillin given 
12 to 24 hours after exposure to venereal disease. 

^ The penicillin tablets and placebos used in this study 
were furnished by Commercial Solvents Corporation. 

- Commander, MC, USX. 

* Lieutenant, MSC, USX. 
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Two thousand and eighty men participated in the 
study. One thousand and fifty-nine men in the experi- 
mental group experienced 1,833 liberties and 2,625 ex- 
posures, resulting in nine cases. This yielded a rate of 
4.75 cases per , 1,000 liberties and 3.4 cases per 1,000 ex- 
posures. 

One thousand and twenty-one men in the control group 
experienced 1,891 liberties and 2,686 exposures, resulting 
in 22 cases of gonorrhea. This yielded a rate of 11.6 
cases per 1,000 liberties and 8.2 per 1,000 exposures. 

The experimental group received 200,000 units of so- 
dium Penicillin G by mouth following a mean elapsed in- 
terval between exposure and penicillin prophylaxis of 15 
hours. The variation about this mean was approximately 
3.5 hours. 

Contrasted to the study reported by Eagle et al., in 
which the probable elapsed time of Uvo hours between 
exposure and per oral penicillin was reported, this study 
indicates that within an increasing inten'al between ex- 
posure and utilization of the tablets, the prophylaxis effi- 
ciency of per oral penicillin is reduced. 

Use of Penicillin in Oral Vincent's Infection as a Means 
of Rapidly Controlling "Epidemics." J. Looby ^ and 
Caw. a. Schlack.- Naval Medical Research Institute, 
National Naval Medical Center, Bethesda, Md. 

This project (X-345) was approved by the Chief of 
the Bureau of Medicine and Surgery, U. S. Navy, 15 
March 1944. Oral color photographs were used as con- 
trols and, in all, 107 patients were treated. Fifty-two pa- 
tients were given 25,000 units of penicillin intramuscularly 
cverj' three hours until 100,000 to 200,000 units had been 
injected. Fifty-five patients received topical application 
of 250 units per cc. saline solution; 10 cc. sprayed on tis- 
sue and 3 cc. swabbed on lesions (swab remained in 
mouth for 10-20 minutes). No other form of treatment 
was employed (no scaling, mouth washes, oral hygiene, 
change of habits [dietary or otherwise]). Of those re- 
ceiving intramuscular injections, 50 showed disappearance 
of painful sjTnptoms and improvement in tissue appear- 
ance in 24 to 48 hours ; one reached this stage in 72 hours, 
and one was indeterminate. Of the groups receiving topi- 
cal application, 44 showed improvement in 24 to 72 hours, 
nine were indeterminate, and two failed to improve. The 
majority in both groups showed reduction in bacteriologic 
smear positives for Vincent’s spirochetes and fusiform 
bacilli after treatment 

It appeared that the intramuscular injection of penicil- 
lin was more efTcctivc than the topical application as a 
means of rapidly controlling '‘epidemics" of oral fuso- 
spirochetosis (Vincent's infection). 

pvTikrr Ol’smutirv.j on rroitciier. cgci':i! t'r.e Lci’r.zl 

Eyecis of Bacteri::] Erdctctin by Prr.iciBi-. c-.d itt 

h-.puritifs. W'.KLTtx D. H.*.wj:, Wteuss: H. 

sox, and C. Miu-Ti \v!'.;i ;l;e technical i?}-!;- 

* Ccmmindcr, DC. USNR (inanivel. 

-• Comman ler, DC, U5K. 


ance of Barbara Bowben. Department of Medicine, 
University of Chicago, Chicago, 111. 

Previous findings regarding protection of mice against 
the lethal effect of certain bacterial toxins by the intra- 
peritoneal administration of penicillin and its impurities 
have been enlarged and several related questions have 
been answered. 

1. This means of protection, which has proved effective 
against the endotoxins of meningococcus, gonococcus, 
Salmonella aertrycke, and a number of other Gram- 
negative organisms, has been shown to be without 
effect against exotoxins obtained from Staphylococ- 
cus, Cl. botnlinum and Cl. tetani. 

2. Administration of a number of drugs hitherto un- 
tested (streptomycin, aureomycin, the anti-histamin- 
ics, etc.) has provided none of the protection shown 
w’ith penicillin. 

3. Preliminary administration of sublethal doses of ho- 
mologous endotoxin (as described by (2antoni) pro- 
vides only slight protection as compared with that 
obtained with impure penicillin. Colchicine with 
penicillin provides no protection. 

4. The administration of adrenal cortical extract with 
penicillin or adrenal cortico-trophic hormone with 
penicillin provides only slight protection. 

5. The intravenous administration of penicillin and its 
impurities is of some benefit but cannot be carried 
out satisfactorily because of the toxicity of the dnig 
in its present unpurified state. 

6. Several new means of preparing the “penicillin im- 
purities" have been tested. It has been shown that 
the protective factor (s) in this material is readily 
obtained by extraction of the "spent beer” discarded 
after commercial extraction of penicillin from the 
fermented liquor. 

7. A rapid and economical method of bio-assay of the 
protective factor has been developed. 

8. The "penicillin impurities” used in this work have 
been shoum regularly to contain large amounts of 
the “enhancement factor" described by Welch, Hobliy 
and others. Unusual prolongation of penicillin 
levels following the administration of these matcrirds 
could not be demonstrated in our experiments. 

Certain Effects of Antibiotics on Animat Tisrjc Ifcm.cyf- 
r.ates and Subcellulcr FJem.er.ts. Kr,:,T Wsoist and 
De.s;.' Buek. National Cancc.'" Institute, Bctl-es ia, ’ft!. 

These studies were carried out using aerol ;c rr.etiislene 
blue reduction and Warburg t'x.hr.;~..-e5. Fs-r ti e in-tb.- 
ylcne blue reduction studies, tr.ou-e livers v.ere ! — r.'-re- 
nired widi a mortar a.nd i<5tlc i.n 001 M jb,,'; '•:st'. T: e 
substrates vs ere malatr. lyruvate. aeeUte, la -u;-. al-e’ "'. 
oxalacctate. fumarate. anl citrate at 0 01 M an-', in rz-'\ 
case -t p;rr. methv ler.e I-lue, rurif.el r-rri:',:';" a v-’- 
iCvx' ct cr** ^ 

time 10) r»er cent a’..;vt t;-.;.t rf t'-- C '-tr-', Y.'it'n rr.:’;’- 
rrerent. tine etTert was even mr-c striVi* r I'e-i-."--. 
strept-mv air. zn-rfi'-d tr.- rtdu't;'-, •'"* it a- O'' 

j-rr cent in eer.rer.triti'.-'.j rt-n 
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same effects were observed with acetate and in the case 
of streptomycin also with ethyl alcohol. For pyruvate 
none of the antibiotics inhibited methylene blue reduction. 
Other antibiotics studied were subtilin and siderophilin. 

The tumors used were the S-91a grown on C mice and 
the CsHBA on CsH mice. The time of reduction of meth- 
ylene blue by the S-91a tumor fractions was one-fifth the 
time required by liver homogenates. This was further af- 
fected by penichromin (> 1,000 ppm) to the extent of 100 
per cent. 

The particulate fractions were prepared by homogeniz- 
ing the tumors in 0.85 per cent saline, filtering through 
glass wool, and centrifuging at 26g for separation of the 
nuclei followed by 9,000g for the mitochondria. 

In the case of the S-91a tumor homogenates, the mano- 
metric studies showed inhibition of succinate oxidation by 
penichromin at 500 ppm of 50 per cent and no effect by 
actidione, aspergillic acid, or subtilin. 

For the mitochondrial fraction using the CsHBA tumor 
in the presence of cobalt at 50 and 20 ppm, the Qos of 4.6 
was decreased to 1.4 and 3.1 respectively. Similar results 
were obtained with penichromin. 

Thus some antibiotics have a striking effect on the en- 
zymes of animal tissues at the subccllular level while some 
do not except at very high concentrations. 

Studies on Brominc-Oxidicahlc Sulfur-Containing Com- 
pounds in Mold Metabolism. Claude H. Plumlee and 
Arthur L. Pollard. Department of Bacteriology, The 
University of Tennessee, Knoxville, Tenn. 

In the course of a quantitative study of the sulfur me- 
tabolism of Pcnicillium chrysogenum Q-176 it was found 
that sulfur compounds oxidizable to sulfate by bromine 
water were formed and that they accounted for over one- 
third of the organic sulfur in the culture filtrate. The 
organism was grown on Czapek-Do.x medium containing 
sulfur only in the form of magnesium sulfate. It was cer- 
tain, therefore, that all forms of organic sulfur were 
.synthesized by the organism. Other investigators have 
found that the sulfur in thiamine, biotin, cysteine, cystine, 
and glutathione is not o.xidizablc to sulfate by bromine 
water. Apparently this oxidation is confined to very spe- 
cific configurations of the molecule such as arc found in 
the xanthogcnic acids and in thioacetamidc. It is not 
clear whether such compounds arc intermediates in the 
prixress of penicillin synthesis or whether they arc formed 
in equilibrium with other sulfur compounds, one of which 
is penicillin. 

The subject is of considerable interest because of the 
great r.unil'cr of physiologically active sulfur compounds 
an ! tl'.e wide variation of activity with molecular con- 
figuratif’n. Thi'^acetamide, for example, has been shown 
to Ic readily utilized by Aspergillus v.igcr whereas some 
i-.f the xanth-ates, tb.iv.ram derivatives and disulfids arc 
h'.^ldy fun.:!'. tat::. 

Streptomycin 

T " fh': -•■■r-re o' St ^ ep ’. y -. yei-.-Resistsrt Bacteria 

/’•..’■i-. s f,"'- dr.”- Therapy. J.foaTo:; H.sm- 


BURGER and Jerome R. Berman, uepartment of In- 
ternal Medicine, University of Cincinnati, Cincinnati, 
Ohio. 

Though the appearance of streptomycin-resistant bac- 
teria during the course of streptomycin therapy has been 
abundantly demonstrated, less attention has been paid to 
the ultimate fate of these resistant forms. Observations 
upon this problem have been made during a study of the 
development of resistant coliform bacilli in the stools of 
patients given intramuscular streptomycin for tuberculosis 
or oral streptomycin for intestinal tract infections. 

Suspensions of 0.5 cc. stool in 5 cc. saline were streaked 
on each of two eosin-methylene blue plates, one contain- 
ing 100 gamma streptomycin per cc. and the other no 
streptomycin. Colonies were picked from representative 
plates for more accurate determination of streptomycin 
sensitivity in a serial dilution test. 

In no case were coliform bacilli recovered prior to the 
administration of streptomycin resistant to more than 
2.5 gamma per cc. When streptomycin-resistant forms 
did appear, 156 to more than 2,500 gamma were necessary 
for growth inhibition. 

In five cases (three treated orally and two intramuscu- 
larly) where streptomycin was discontinued after the ap- 
pearance of highly resistant variants, the resistant strains 
were replaced by sensitive forms. This process started 
very soon after the cessation of treatment. Whereas dur- 
ing treatment resistant forms were recovered from both 
the eosin-methylene blue plate containing streptomycin 
and the plate which contained none, these forms practi- 
cally disappeared from the latter after treatment. Days 
or weeks later, even the plate containing streptomycin 
failed to show growth when stool suspensions were 
streaked upon it. 

In two cases of tuberculous peritonitis where improve- 
ment' occurred during treatment, the resistant variants 
disappeared while the patients were still receiving strep- 
tomycin. 

Evaluation of Oral Streptomycin in Specific Enteritis in 
Infants and Children. Sidney Ross, E. Clarence Rice, 
Frederic G. Burke, and John A. Washington. Chil- 
dren’s Hospital, Washington, D. C. 

Thirty-four cases of shigella enteritis were treated with 
oral streptomycin. Twenty-five of the cases were acute 
while nine were carriers. The average dose of strepto- 
mycin orally was 400 mgms. every four hours. The dura- 
tion of treatment ranged from seven to 19 days with an 
average of 10.7 days per patient. In the acute cases the 
positive stool cultures became negative rapidly generally 
within an average of one to two days. In the carrier 
group none of the 12 cases showed positive stool cultures 
within 24 hours following initiation of therapy. An av- 
erage of 11 negative stool cultures was obtained on each 
patient before he was considered cured. Once the stool 
culture became negative, no cultural reversals were noted 
during the hospital stay. In five of the cases, however, 
there was a recurrence of positive stool cultures within 
one month after discharge from the hospital. 
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Clinically, the improvement %vas commensurate with 
the salutary effect observed bacteriologically. 

Eight cases of salmonella enteritis in infants and chil- 
dren were treated with streptomycin in large doses rang- 
ing from 2.4 to 3.6 gms. per day. Three of the patients 
received the drug orally only while the other five were 
given the antibiotic both orally and intramuscularly. In 
spite of the demonstrated sensitivity of the organism to 
streptomycin m vtiro in each case, only one of the eight 
cases was rendered permanently free of the organisms. 
In the other seven cases an inhibitory effect on both the 
salmonella organism and the normal stool flora was ob- 
served during the period of drug administration ; however, 
within three to eight days after streptomycin was discon- 
tinued, the pathogen reappeared in the stools. No signifi- 
cant increase of streptomycin resistance during the course 
of therapy was noted in any case. 

T/ie Treatment of Tuberculosis with Small Doses of 
Streptomycin. Bernard Milloft, Sol Katz, and Har- 
old L. Hirsh. Georgetown Medical and Tuberculosis 
Divisions, Gallinger Municipal Hospital, and the De- 
partment of Medicine, Georgetown University School 
of Medicine, Washington, D. C. 

Although the value of streptomycin in the treatment of 
tuberculosis has been rather fully established, a complete 
appraisal of dosage and duration of treatment has not 
been ascertained. Therefore, we have treated a variety 
of tuberculous infections with small doses of streptomycin. 
All patients received one-half gram per day in one dose 
except four with miliary tuberculosis who were given one- 
half gram twice a day. This dose schedule was selected 
on the supposition that with the smaller doses the devel- 
opment of organism resistance is not increased and strep- 
tomycin toxicity is decreased. 

The following results were obtained: 

Miliary — 5 — all developed meningitis and died; 
Bronchial — ^ — favorable response after prolonged ther- 
apy; 

Pericarditis — 2 — one favorable response, one failure; 
Pleurisy with effusion — 1 — no response; 

Peritonitis — 2 — relapse after improvement ; 

Mediastinitis — 1 — favorable response ; 

Adenitis — 3 — no response; 

Osseous — 4 — no response; 

Draining sinuses — 7 — apparently healed. 

In two patients with tuberculous bursitis incision and 
drainings while under streptomycin therapy resulted in 
healing. 

In forty-two patients with SO operations, which in- 
cluded thoracoplasty, lobectomy and pneumonectomy, no 
tubcrailous spreads occurred with the use of onc-lulf 
gram per day in a single injection for seven days pre- 
opcrativcly and post-operatively. 

Streptomycin in doses of one-lulf gram per day would 
appear to be definitely cffcctnx in the treatment of bron- 
chial tuberculosis and draining sinuses. It would also be 
rrco:n.me.ndrd tlat this same doiage l»r used in the pre- 
s'cntiLin of tul>ertn;lous spreads in the surgery cf tul»rr- 


culous patients. In those tuberculous infections where 
streptomycin is generally effective, smaller doses are ap- 
parently as good. 

Incidence of Vestibular Dysfunction Following Intramus- 
cular Administration of Various Doses of Dihydrostrep- 
tomycin. Sol Katz, Walter Kurland, and Harold L. 
Hirsh. Georgetown Medical and Tuberculosis Divi- 
sions, Gallinger Municipal Hospital, and the Depart- 
ment of Medicine, Georgetown University School of 
Medicine, Washington, D. C. 

Recently a reduced streptomycin compound, dihydro- 
streptomycin, has been developed which appears to be 
less neurotoxic in preliminary studies in animals and 
humans. 

On the basis of these data a study of dihydrostreptomycin 
was undertaken. Included in our series are 26 patients. 
Five patients received 1 gram per day in divided doses 
every six hours and none have developed evidences of 
vestibular dysfunction after 13 weeks of therapy. How- 
ever, of three patients on 0.5 gram every si.x hours (2 
grams per day) for 13 weeks one showed vestibular dys- 
function after the sixth week of therapy and the other 
after the ninth week. 

Doses of 3 grams per day (0.75 gram every six hours) 
were administered in eight patients. Three were treated 
for 13 weeks and one for 60 days without evidences of im- 
pairment of vestibular function. Two demonstrated im- 
pairment after six and eight weeks of treatment, respec- 
tively. In one, vestibular dysfunction appeared after the 
first treatment week and in another, a 13 year old boy, 
after the seventh week. 

Three patients were given 3 grams per day in doses of 
1.5 grams every 12 hours for a period of four to five 
weeks. Two de%'eloped vestibular impairment after the 
first and second weeks of therapy, respectively. One was 
69 years of age and the other had unilateral dysfunction 
from a previous course of 150 grams streptomycin. One 
patient received 1 gram of dihydrostrcptomycin for 14 
days followed by 3 grams for 18 days. He showed no 
impairment of vestibular function. 

Five patients received 1 gram every six hours for 7, 
35, 35, 60 and 60 days, respectively, without impairment 
of vestibular function. Vestibular dysfunction was noted 
in one patient on this dosagc-sdicdulc after the fourth 
week of therapy. 

The Therapeutic Use of Antibiotics: Comparative 
Activities, Synergism, and Resistance 

The Summation cf Penicillin end Streptomycin Aetr.-ity 
In Vitro end in tke Treatment cf Su’ acute Pcctrria! 
lindoecrditii. William C. Hcreii.’s an! Halm! Tf ur- 
Etrrr. Department cf Mc-!!dne cf the NV.v Vc:V; H' *.- 
pital-Corr.ell Ur.iversitv Medina; Cc"rrr, li'-v, VcV 

N. y. 

Despite the fact th.a! t.he {um.m.ati.n cf I'.'.l m 
drugs is an eitahliihe-I prin-;;'- if ; ''.ittl; r fe.i 
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two antimicrobial agents in the treatment of infection in 
man are to be found. 

The therapeutic effectiveness of penicillin in subacute 
bacterial endocarditis has resulted in the arrest of the 
infection in all but 10 per cent of cases. The majority 
of this latter group of patients are infected with Strep- 
tococci of the Lancefield serologic Group D, the most 
important members of which are commonly termed Strep- 
tococcus fccalis and Streptococcus symo genes. These 
enterococci are highly insensitive to penicillin, and al- 
though temporary suppression of the endocarditis caused 
by these organisms is readily attained with its admin- 
istration, relapse almost invariably ensues after the peni- 
cillin is discontinued. Enterococci also exhibit consider- 
able resistance to streptomycin, and results of the treat- 
ment of entcrococcal endocarditis with streptomycin, 
though of limited extent, have been only slightly better 
than those achieved with penicillin. 

A study has been made of the individual and combined 
actions of penicillin and streptomycin in vitro on strains 
of Enterococcus and Streptococcus viridans isolated from 
patients with endocarditis. It has been observed that the 
two drugs act as coadjuvants in inhibiting growth of all 
strains studied, total summation of partial effects occur- 
ring throughout a wide range of concentrations of each 
constituent drug. For example, complete inhibition of 
growth was achieved with a mixture containing one- 
fourth the inhibitory concentration of penicillin plus 
three-fourths of the inhibitory concentration of strepto- 
mycin, or with a mixture containing one-half the inhib- 
itory concentration of each. In some instances inhibition 
has occurred Avith constituent drug fractions which total 
less than one, indicating an effect greater than summation. 

Six patients with persistent cnterococcal bacteremia, 
five of whom had endocarditis, have received six million 
units of penicillin and 2 grams of streptomycin, or its di- 
hydro derivative, daily. Two patients received the com- 
bined therapy only tcnninally, but four completed a course 
of four to eight weeks of this therapy. Bacteremia was 
promptly reversed and there was sustained clinical im- 
provement in all four. All but one patient haA’c been 
followed for periods of from si.x to 12 months and none 
has relapsed. 

The uniformly good results with these patients have 
been in striking contrast with the previous experience 
with tlie use of either drug alone in these infections, and 
suggest the operation of a summation cffectis’c in vivo 
cou'.parable to that observed in zitro. Experiments arc 
row in progress which indicate that the summation of 
penicillin and streptomycin may apply to organisms other 
tlian penicillin-resistant streptococci, and that summation 
may occur with otiwr antibiotic combinations. The use 
ft crm.biuaticns of a.ntimicrobial drugs may offer an cf- 


fretiw met'' 
*»* r , n Ci n r* 


-ti of acb.icving permanent arrest of infections 
>',v only suppressed by the use of one drug 


‘■..•s c”. . L'i! f: 'ee. Atrrass Gortt 
J. K.-etuu-.'.-. Department of Physi.ology 


and Pharmacology, Southwestern Medical College, 
Dallas, Texas. 

Actidione is characterized by a marked growth inhib- 
itory activity against certain fungi and by a considerable 
species variation in its toxicity to mammals. The purpose 
of the present study was twofold: to demonstrate inhib- 
itory blood levels in various species of mammals following 
the injection of actidione and to study the nature of its 
toxicity. 

A solution of crystalline actidione was injected intra- 
peritoneally into rats, guinea pigs, and dogs. The citrated 
plasma of these animals was tested by a serial dilution 
method in tryptosephosphate broth for inhibitory activity 
against Saccharomyces pastorianus ATCC2366. 

After the injection of 1 to 10 mg. of actidione per kg. 
into rats, 5 to 20 dilution units Avere detected in the 
plasma in 30 minutes. The inhibitory activity decreased 
somewhat in 90 minutes. The results were essentially the 
same in guinea pigs and dogs. 

It appears from these data that actidione is absorbed 
rapidly from the intraperitoneal site and is not rapidly 
inactivated in the body. 

The injection of as little as 1 mg. of actidione per kg. 
body Aveight intravenously into the dog is followed by 
vomiting in a few minutes. This emetic effect is pre- 
vented by nembutal anesthesia. Nausea has also been ob- 
served in humans following the injection of actidione. 

Comparisons of Six Neiv Antibiotic Agents in Experi- 
mental Infections in Mice. Eleanor A. Bliss and 
Patricia Todd. Department of Preventive Medicine, 
The Johns Hopkins University School of Medicine, 
Baltimore, Md. 

The therapeutic activities of penicillin O, aureomycin, 
chloramphenicol, polymyxin D, polymyxin B and Q 19 
(circulin) Avere compared in mouse infections induced 
Avith a type I pneumococcus, a Group A hemolytic strep- 
tococcus, and a strain of K. pneurnoniae, type A. Penicil- 
lin G and streptomycin Avere included as standards. Tavo 
strains of mice Avere employed, a mixed strain of Saviss 
mouse and the- pure CFi strain. Therapy Avas admin- 
istered by the subcutaneous route, three treatments being 
giA’cn at 0, 5%, and 23 hours after infection. Two or 
more agents Avere compared in each experiment, usually 
at three doses each. The median protective dose Avas esti- 
mated. 

The polymyxins and Q 19 were most effective in the 
therapy of the K. pneumoniae infection ; the PDm for all 
three Avas less than 1 mg/kilo per treatment. The PDm 
for streptomycin A\’as 2.5 mg/kilo ; for aureomycin and 
chloramphenicol it was 35 to 50 mg/kilo. In the treatment 
of the streptococcal infection, Penicillin G and O were 
most effective Avitii PDm’s of about 0.3 mg/kilo. The 
PD„ of aureomycin Avas 4 mg/kilo while that of strepto- 
rn>cin AA’as 70. The PDm for chloramphenicol here and 
in the pneumococcal infection could not be determined 
^ausc of the limited solubility of the agent, even in 
^0 per cent alcohol.^ It Avas above 80 mg/kilo. In the 
p..-..rr.ococc3l infection the same order of activity pre- 
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vailed, with the notable exception that aureomycin was 
the most effective agent in the CFi mice. The PDm for 
Penicillin G in this mouse was ten times as high as in 
the mixed strain of mice. 

The Effect of Antibiotics on the Growth of Histoplasma 
Capsulatum in Vitro. 'Ben D. Chinn and Mario Mol- 
LARi. Department of Bacteriology and Preventive 
Medicine, Georgetown University School of Medicine, 
Washington, D. C. , 

A study was made of the effect of several antibiotics on 
the growth of Histoplasma capsulatum in vitro. H. cap- 
sulatum is the etiological agent of Histoplasmosis, a dis- 
ease characterized by emaciation, leukopenia, anemia and 
irregular pyrexia, and produces cutaneous ulcers and pri- 
mary involvement of the lungs. The antibiotics used in- 
cluded penicillin, streptomycin, bacitracin, aureomycin, 
polymyxin A, aerosporin (polymyxin B) and Chloromyce- 
tin. 

The measure of activity against the test organism was 
determined by the streak method, the agar diffusion 
method, and the serial dilution method. Penicillin showed 
inhibitory effects in concentrations above 5,000 units/ml 
of medium (blood agar). A more marked effect was pro- 
duced by streptomycin. Inhibition of growth began with 
50 mg/ml of medium and only slight growth occurred 
beyond 200 mg/ral. Chloromycetin showed no antibiotic 
activity. Aureomycin and polymyxin A showed slight 
activity above concentrations of 20 mg/ml, but increases 
in the concentration beyond this amount did not produce 
a corresponding effect on the growth of the test organism. 
Bacitracin appeared to have a marked inhibitory effect on 
the growth of the organism in concentrations of 600 units 
or higher. Aerosporin had an activity similar to bacitra- 
cin, its antibiotic activity beginning with 5 mg/ml. 

Among the antibiotics tested streptomycin appeared to 
have the greatest inhibitory action on H. capsulatum. 
The effect of some of these antibiotics in experimentally 
infected animals is under investigation. 

The treatment of certain forms of Histoplasmosis has 
been very unsatisfactoo' : the disease is generally consid- 
ered highly fatal. The possibility of antibiotic therapy 
appears worthy of consideration. 

The Combined Action of Antibiotics and Sulfonamides in 
Experimental Infections. C. W. Price, W. A. Ran- 
dall, and H. Welch. Federal Security Agency, Food 
and Drug Administration, Washington, D. C. 

Various combinations of penicillin, streptomycin, aureo- 
mycin, chloramphenicol, bacitracin, pohTn)’xin. sulfanila- 
mide, sulfadiazine, sulfathiarolc and sulfamerarinc were 
tested I'r. lix'o for possible $>T,ergistic action, using Strep- 
tococcus hemclyticus C 203 Mv as a test organism. In 
tltesc experiments organisms were injected with and svith- 
out mucin. When mucin was used the virulence of the 
streptococci was markedly incre-ase-i; rc!atis-c!y larger 
do'cs of the antiloctcrial agents were rerpuired and 
changes in the ratios cf combinations shoadng a sju- 
crgistic effect resulted. Tl;r results ebtained :n exp-eri- 


mental infection, emphasize the difficulty of translating 
experimental observations into terms of clinical effective- 
ness. 

Alteration and Inhibition of Sea-Urchin Egg Division by 
Antibiotics. Ivor Cornman. Sloan-Kettering Institute 
for Cancer Research, New York, N. Y. 

As a part of a cancer chemotherapy screening program, 
sea-urchin eggs are being used to detect substances which 
inhibit cell division and in the study of their effects on 
mitosis. The eggs of Arbacia and Lytcchinus are exposed 
ten minutes after fertilization. Normally, cleavage fol- 
lows at 50-60 minutes after fertilization at 23°-26° C. 
Divided eggs are counted at intervals to determine inhibi- 
tion or retardation of cleavage, and such abnormalities as 
are visible in the living egg are recorded. 

Crude penicillin has received special attention because 
of its ability selectively to kill tumor cells and because 
Burk has found it to contain a potent metabolic inhib- 
itor. Older pharmaceutical grades of penicillin retarded 
cleavage at about 300 mg/L. A series of five penicillins 
supplied by Burk proved to have relative potencies of 
1:2:200 (three having the middle rating) compared with 
respiratory inhibition ratings of 1:10:300. Burk's par- 
tially purified Pcnichromin was effective at 5 mg/L, while 
purified penicillin required 1 g/L to retard cleavage. 

A series of filtrates from Aspergillus cultured under a 
variety of conditions were nearly all effective in retard- 
ing cleavage. Glioto.xin displayed a distinctly different 
pattern of action, quickly destroying the eggs when used 
at concentrations sufficient to delay cleavage (2 mg/L). 
Percentages of eggs completing second cleavage were: 
100 per cent, 30 per cent, and 0 per cent at 1, 2, and 4 
mg/L. 

Cla\’acin is another of the more active purified anti- 
biotics, inhibiting all clca%’age at 5 mg/L. It was, there- 
fore, more active than its component parts tested scp.i- 
rately. the pyroue ring and the fivc-memljcrcd lactone 
ring. 


Search for New Antibiotics 


The Isolation and Purification of Neomycin. E. Augus- 
tus Swart, Selman A. Waesman, and Dosi’is 
Hutchison. New Jersey Agricultural Exjvcrimcnt 
Station, Department of Microbiology, Rutgers Uni- 
versity, New Brunswick, N. J. 


Neomycin has been isolated from culture filtrates o; 
Strepiomyces 3535 by the following sequence c: itej s: 
acidification to pH 2.0-2.5, clarification v, ith zeiisatrl 
cliarcoal, ncutraliralion. adsorption on decalso, elution 
with 10 per cent ammonium cb.loride, ad‘cr;l: u 'u r,:- 
tivated charcoal from p>ooled ammetnium cld'.rile elu:!". 
at pli /.O, elution by 005 N bsdrceb.l'Tic acid in C'b y-r 
cent metb.anel, r.eutralizati'-n by j i'<cre t; an iu.- 

lerlitc IR-4B column cr !v adliti r, e: s 


hydroxide, conctr.lratl'.e; "in t-:,--'," at J ■-55' C, :■ 
001-0.1 rf crigina! vo'urr.e. ; -cki-.r mil-.' "’'.i- 


precijitatirg 


in water and Iv: 


Tr c c <“,-fr!r;Iri ■ : r.- 
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chloride showed an average potency of 100 units/mg, 
some solids ranging as high as 225 u/mg. 

Chromatography on columns of Darco G-60 or alumina, 
using methanol as solvent and eluant, has yielded more 
highly potent concentrates. Precipitation with picric 
acid, followed by direct conversion to the hydrochloride, 
has also given more potent solids. 

Another antibiotic, having the same antibacterial spec- 
trum as neomycin but having antifungal activity as well, 
has been isolated from the culture filtrate. Most of this 
material was removed by the preliminary acidification of 
the broth and by treatment with Norit H15, leaving neo- 
mycin in the filtrate. Norit A, Amberlite IR-IOO-H, and 
decalso adsorbed neomycin from culture filtrate, leaving 
the second agent in the filtrate. 

Neomycin is soluble in water, slightly soluble in meth- 
anol, and insoluble in other organic solvents. It is stable 
at pH 2.1 for one hour at 100° C, four hours at 25° C, 
and five days at 5° C. A negative Sakaguchi test indi- 
cates the absence of mono-substituted guanidine groups. 
The maximum in the distribution curve occurs at tube 21 
when neomycin is distributed between pentasol and borate 
buffer at pH 7.6, using stearic acid as a carrier, in the 
24 plate Craig Counter-current Distribution Machine. 
Streptomycin and streptothricin show respective peaks, in 
the same system, at tubes 9 and 8. 

Dorrcltdin, a Nciv Antibiotic with High Anti-Borrelia 
Activity and Penicillin Enhancement Properties, Pro- 
duced by a Sireptomyccs Species. J. Berger and M. 
W. Goldberg. Research Laboratories of Hoffmann-La 
Roche, Inc., Nutlcy, N. J. 

An antibiotic with unusual specificity and high activity 
has been found to be produced by several actinomycetes. 
It is highly active in vitro against Sarcina lutea and cer- 
tain micrococci but relatively inactive against other com- 
mon test bacteria such as Staphylococcus aureus, Escher- 
ichia coli, and Bacillus subtilis. The growth of a proto- 
zoan, Tetrahymena gelcii, is inhibited at a dilution of 
1 : 200,000. As little as 0.0001 mg. per ml. can be de- 
tected by the cylinder plate technique when 5. lutea is 
used as test organism. The substance has been isolated 
in crystalline form (L. M. Jampolsk>' and M. W. Gold- 
berg) and was named “Borrclidin” because of its out- 
standing activity »V. vizv against Borrelia species (R. J. 
Schnitzer el al.). 

The culture pralucing the best yield of borrclidin is a 
new Sireptomyccs species. It grows readily on comp!e.x 
organic mcdi.a, but o.nly sparingly on sj-nthctic liquid me- 
dia. Under usual methods of handling, the culture yields 
strains winch vary widely in appearance and antibiotic 
prcwlucticn. Borrclidin is prcKluced by the Sireptomyccs 
in a variety of liquid m.edia. in stationary shallow layers 
or in aerated submerged culture. Particularly suitable 
arc nretlia containing soybean m.eal, glucose, and phos- 
I late. 

Sm.al! am. cunts rf K.'rrelidin-like substa.nces have been 
f „,-.i j., «,;*jrcrs rf penirillin cnh.an.cerr.ent factors, such 


tions and even in corn steep liquor. In spite of the fact 
that pure borrclidin does enhance penicillin activity in 
vivo (E. Grunberg et al.), no claim can be made for its 
identity with any of the postulated penicillin enhancement 
factors since certain differences have also been observed. 

Isolation of Crystalline Borrclidin from Streptomyces 

Broth and of Borrelidin-Like Concentrates from Crude 

Penicillin. L. M. Jampolsky and M. W. Goldberg. 

Research Laboratories of Hoffmann-La Roche, Inc., 

Nutley, N. J. 

A new antibiotic, borrclidin, has been isolated in crys- 
talline form from the culture medium of a new Strepto- 
myces species. The antibiotic exhibits an unusual degree 
of specificity, being highly active only against Sarcina lu- 
iea in vitro and against several strains of Borrelia in vivo. 
Concentrates exhibiting some of the biological properties 
of borrclidin were also obtained from crude penicillin and 
other sources reported to contain penicillin enhancement 
factors. Borrclidin itself was found to enhance the ac- 
tivity of penicillin in certain experimental infections of 
mice (E. Grunberg et al.). 

Borrclidin can be isolated from the culture solution by 
extraction with butyl acetate. The residue obtained by 
evaporation of the extract can be purified by treatment 
with bentonite clay in various solvents and finally, by 
extraction from ether with alkali. Concentration of a 
benzene extract of the acidified alkali solution yields crys- 
talline borrclidin. Recrystallization from benzene gives 
pure borrclidin, m.p. 145-146°, [a]ff = -28° in ethanol. 

Borrelidin is an acid. A crystalline methyl ester (m.p. 
153-154°) and a crystalline p-nitrobenzyl ester (m.p. 
161°) have been obtained. The methyl ester yields a 
crystalline diacetyl- (m.p. 190°) and a crystalline di-p- 
nitrobenzoyl-derivative (m.p. 156-157°). The micro- 
analytical data so far obtained indicate an empirical 
formula of CjsHuOdN for borrelidin. The ultra-violet 
absorption spectrum in isopropanol shows a maximum at 

256 Tim (Ej = 550), indicating a site of conjugated 
unsaturation in its molecule. 

Enhancement of Penicillin Activity by Borrelidin. E. 

Grunberg, D. Eldridge, and G. Soo-Hoo. Research 

Laboratories of Hoffmann-La Roche, Inc., Nutley, N. J. 

The new antibiotic, borrelidin, the principal chemical 
and biological properties of which have been described in 
the preceding abstracts, did not show any demonstrable 
^cmotherapcutic activity in vivo if tested in experimental 
infections with fi-hemoly tie streptococci, pneumococci type 
1 and 2, Klebsiella pneumoniae. Salmonella schottmuelleri, 
Eberthella typhosa, Mycobacterium tuberculosis, strain 
H37 Rv, and Cryptococcus hominis. This substance, how- 
ever, possessed some growth inhibiting effect in vitro 
against the organisms enumerated above. 

Attempts were made to show that borrelidin possesses 
properties of enhancement of crj-stalline Penicillin G simi- 
lar to those described for unknown factors obtained by 
inactivation of impure penicillin (Hobby et al., Dunham 
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et al, Miller ei al., Cole, Burk et al, and Welch ei al.). 
It could indeed be demonstrated that the addition of very 
small amounts of borrelidin increased the effect of crys- 
talline Penicillin G in experimental infections with group 
A, type 3 hemolytic streptococci. The findings may be 
summarized by the comparison of the CD50 of Penicillin 
G in the presence and absence of borrelidin. 


Single treatment 
Cryst. Penicillin G alone 

Cryst Penicillin G-f bor- 
relidin 0.2-1.7 Mg/kg 
Cryst. Penicillin G alone 

Cryst Penicillin G-f bor- 
relidin 3.0 ^ig/kg 


CD50 of Penidlb'n G 

0.S6 mg/kg (935 units/kg) 
subcut 

0.25 mg/kg (417 units/kg) 
subcut 

1.16 mg/kg (1,937 units/ 
kg) per os 

0.71 mg/kg (1,185 units/ 
kg) per os 


There was also found a marked trend to enhancement 
of Penicillin G by borrelidin in experimental rabbit S 3 T)hi- 
Hs, in the protection of mice against meningococcal endo- 
toxin, and in the growth inhibition of Trichomonas vagi- 
nalis. In addition borrelidin inhibited the respiration of 
staphylococci as tested by the methylene blue method. 

We were, however, not able to demonstrate with bor- 
relidin the enhancement of Penicillin G in infections with 
E. typhosa as described by Welch and with type 1 pneu- 
mococci as described by Hobby. The enhancement of 
Penicillin G in infections with Salmonella schottmuclleri 
was also not observed. 

No definite statement can be made at the present time 
regarding the identity of borrelidin and any of the en- 
hancement factors described. 


The Anti-borrelia Effect of Borrelidin. R. J. Schnitzer, 
M. Buck, and A. C. Farr. Research Laboratories of 
Hoffmann-La Roche, Inc,, Nutley, N. J. 

During the routine screening in c.xperimental infections 
of mice it was found that borrelidin, a new antibiotic 
found and isolated in crystalline form by M. W. Goldberg 
and his associates, J. Berger and L. M. Jarapolsky (see 
the abstracts of these authors), exerted a striking effect 
on borrclia infections. This is illustrated by the follow- 
ing table: 


Animal 

LDSO 


CDSO:nf/Jtr 



Botrelia tick 

B. Kcryi 

B. Ohrrrtfirri 

Mice 

nt/tt 

74.7 

0.6 

2.0 

1.7 

Rats 

1.78 

— 


0.9 


Borrclidin-likc substances in concentrates from impure 
penicillin, darasc ami com steep liad a similar activity. 

Borrelidin was also effective to%vard a partially pcnicil- 
lin resistant strain of B. .Yot-.-i, It was comparatis-ely 
easy to produce a borrelidin fast strain of B. Obrrmeim 
which still rcsponle'd to A$-compounds, Au-compounds, 
penicillin and aureomycin. Th.is indicates that borrelidin 
represents a ts'pe of anti-ivorrelia agent ditTcrcr.: from 
those mentioned l-eforc. 


No effect of borrelidin was seen in e.xperimental rabbit 
syphilis and in trypanosomal infections. The compound 
exerted, however, a growth inhibiting effect on Tricho- 
monas vaginalis in vitro in concentrations of 0.004-0.006 
mg/ml. 

Borrelidin is a substance of considerable toxicity. The 
LD50 for mice was found to be 74.7 mg/kg and 39.0 
mg/kg if given by the subcutaneous and intravenous route 
respectively. Other animals, e.g., rats and rabbits, were 
considerably more sensitive to this material. Moreover, 
the new antibiotic is irritant to the tissues of animals and 
sometimes to the skin of humans. 

Candidtilin: an Antibiotic from Aspergillus candidus. P. 
G. Stansly and N. H. Anakekko. Chemotherapy 
Division, Stamford Research Laboratories, American 
Cyanamid Company, Stamford, Conn. 

A substance has been recovered from the fermentation 
liquor of a strain of Aspergillus candidus which has 
marked activity against acid-fast bacteria. The proper- 
ties of the active principle distinguish it from known 
antibiotics. The name "candidulin” is proposed for it. 

Moderately active fermentation liquor may be obtained 
in stationary culture on a neutral substrate consisting of 
glucose, sodium nitrate and potassium phosphate. The 
active principle may be removed from the metabolic liq- 
uor with chloroform and ciystallized from n-hexane. The 
yield of purified material is about 5 mg. per liter. The 
substance is a colorless, neutral, non-aromatic compound, 
m.p. 88-89°, [all,* = + 15° (chloroform). Elemental 
analysis is consistent with an empirical formula of 
CuHisNOj. Treatment with bromine in carbon tetra- 
chloride afforded a biologically inactive crystalline prod- 
uct containing bromine, m.p. 143-147° (dec.). 

In broth dilution tests, the antibiotic exhibits moderate 
activit>' against some Gram-positive and Gram-negative 
bacteria. It is particularly effective against the myco- 
bacteria, inhibiting tlie growtlj of five strains, represent- 
ing pathogenic and saprophytic species, in concentrations 
of approximately 1 Aig. per ml. The substance, however, 
failed to influence the course of experimental mouse tu- 
berculosis when administered subcutaneously in daily 
doses of 25 to 200 mg. per kg. 

Inhibitory Action of Filtrates from Fungous Cultures en 
Three Plant Viruses.^ W. C Price, B. M. Gui-ta, and 
SvLSYA WoLCVRz. Department of Bio!o,eical Scienees, 
University of Pittsburgh, Pittsburgh, Pa. 

Filtrates from three-weeks-old cultures of alxTUt 47 
species of fungi grown on ta!cto-f>eef<orr.mea!-dextrf>'.'- 
broth we.'e tested for ability to inhil.it inferti-m with 
Southern bean mo*aie, tobacco mo'sie. a.nd to'iter.o lirr- 
spot viruies. Filtrates from Trirr.ethecium rr:r-..m. .Vra- 
respera sitcphila. and .V, cresss were fc-:-. ! ! > ir' 
fection with all t-'mee viruies. Ti:e iehd !:■ rr icti-': f'-.k 
place immediately wh.rtV.er the Alira:- vat r-dte-l ith t'" 
virus or applied to the hot' l<ef' re rr v~ t-i ,’7 af. 

Infantile Paralyjii. 
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ter inoculation. Virus preparations rendered inactive by 
addition of filtrate regained their activity Avhen diluted. 
These results can be interpreted to mean that the filtrates 
either render the host insusceptible to the virus or enter 
into a reversible combination with the virus. Evidence 
favoring the former interpretation was obtained by study 
of the reduction in infectlvity induced by addition of 
varying quantities of antiviral agent to a constant dilu- 
tion of virus. The reduction in infectivity, as expressed 
in probits (or normal equivalent deviations), was found 
to be a linear function of the logarithm of dilution. 

Marine Organisms as a Source of Physiologically Active 
Substances. Ivor Cornman. Sloan-Kettering Institute 
for Cancer Research, New York, N. Y. 

Every phylum of the animal kingdom has members 
which possess poisonous tissues or toxic secretions. Rep- 
resentative species have been tested according to the 
method outlined in an accompanying abstract. 

The protozoan, Gyumodinium brevis, believed responsi- 
ble for the “red tide” which periodically kills millions of 
fish and shellfish, produces a poison which checks the 
division of sea-urchin eggs. 

Sponges crushed in sea water vary in their inhibitory 
potency. Of ten species tested, two exerted a slight ef- 
fect only after several hours when diluted 1 ; 100. Four 
species retarded the first cleavage at 1 : 100 and showed a 
delayed effect at 1 : 1,000. One allowed only 7 per cent of 
the eggs to divide when the sponge macerate was diluted 
1 : 1,000 and retarded cleavage at 1 : 10,000. Another pro- 
duced no measurable effect for several hours and then 
killed the larvae at all doses tested (1:100, 1:1,000, 
1:10,000). These differences in dose-effect relationships 
reveal a qualitative as well as a quantitative difference in 
the active agents. The most toxic sponge species permit- 
ted only a few eggs to divide and visibly damaged the 
cytoplasm in a h.alf hour when diluted 1 : 10,000. Even 
at 1 : 100,000 it killed the cmbrj'os but required several 
hours to take effect. 

The spines of Centrechinus arc poisonous enough to 
produce a painful swelling when they puncture the skin, 
and many species of fish cannot survive in tanks contain- 
ing these sea urchins. A brei prepared from the spines 
proved to f>c only a weak inhibitor of cleavage. 

Numerous mollusks release an ink when disturbed. A 
large sea slug. Tcihys, ejects a raspberry-odored red fluid 
which Mocks egg development at 1 : 1,000. Thais palula 
exudes a white garlic-cvlorcd fluid which turns blue. This 
Mue '-olution retards cleavage when diluted 1 : 10 and is 
wit?;'ut influence at 1 : 100. Mantle fluid from Thais 
uV.’miuVu. v.hich has no in!-:, is harmless at 1 : 10. 

Aureorr.ycin and Chloramphenicol 

T- c Aif.y c' ly Irsir'-ifrcntal Methods. 

ll'MiJi Kia.*.r-v an'. Lror.- Cmarst.*.::. Lederle 

!.a'. -at '■::■! Dlvitlrn. .-Xm-rira:; Q-artamid Co., Pearl 


Two methods based on a standard solution of aureo- 
mycin HQ are outlined for measuring the potency of 
aureomycin solutions. 

A fluorometric method involves a five-min. boiling of 
100-400 /ig. of the antibiotic with an equimolecular mix- 
ture of NasPOi and Na-HPO*. On dilution, the result- 
ing fluorescence is measured on a Pfaltz and Bauer -flu- 
orophotometer, using the same filter system as the Vita- 
min Bi assay. A blank solution, made up to the same 
dilution, employs a POi buffer to give a pH = 10, being 
read immediately without heating. The difference be- 
tween readings represents the amount of .Aureomycin 
present. 

A colorimetric method uses a sample ranging from 
100 to 1,400 Mg. This sample is treated with twice its 
volume of cone. HCI for 10 min. when it is diluted for 
reading on a Lumetron Colorimeter (Model 402-E) 
using M440 filter. A blank solution is prepared using 
the same ingredients but adding the acid to the diluted 
sample. The galvanometer is set at 100 per cent trans- 
mittance with the blank solution after which the “treated 
solution” is read. 

Both methods give a straight line standard curve on 
linear paper. Both give results comparing favorably with 
a microbiological assay method. 

Studies on Assay Methods of Aureomycin in Body 

Fluids.^ C. M. Whitlock, Jr., A. D. Hunt, Jr., and 

S. G. Tashman. Children’s Hospital of Philadelphia, 

Department of Pediatrics, University of Pennsylvania, 

Philadelphia, Pa. 

The accuracy of the two basic methods of aureomycin 
assay which seemed most promising (namely, the serial 
dilution method of Dornbush and the turbidimetric 
method of Meads) was assessed by measuring known 
quantities of aureomycin in the presence of various hu- 
man body fluids with both methods. Similar data have 
not been previously reported. For concentrations greater 
than 0.1 Mg./cc., the serial dilution wetbod was found to 
be accurate within ± 100 per cent in serum and urine, and 
to be inaccurate in spinal fluid (errors of 100 per cent or 
over being common). For similar concentrations, the 
turbidimetric method was found to be accurate within 
zfc 50 per cent in serum, and ±: 100 per cent in urine and 
spinal fluid. 

^ In the above comparison, the technique used was essen- 
tially the same as that of the originators of the methods. 
When the turbidimetric method was modified by substi- 
tuting a standard cur\’e containing four points for the sin- 
gle standard used by Meads, the experimental error was 
reduced to \yithin ± 25 per cent in serum, ± 35 per cent 
in spinal fluid, and i 45 per cent in urine. This change 
also simplifies the method by eliminating most of the 
mathematical detail work. This laboratory now uses this 
modified turbidimetric method exclusively for the assay 
of aureomycin. 

I These studies were conducted under contract with the 
D^artment ot the Army, Chemical Corps, Camp Detrick, 
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Investigation of plate methods of assay was terminated 
with inconclusive results when it was learned that this 
type of method measures aureomycin only in concentra- 
tions of about 1 Mg./cc. or greater. 

Using the turbidimetric assay method, it was deter- 
mined that serum and acid urine specimens can be frozen 
and assayed in weekly lots without appreciable loss of 
aureomycin activity. Spinal fluid must be run on the day 
collected, however, if concentrations of less than 1 Mg./cc. 
are to be accurately measured. When 1 /‘g./cc. of aureo- 
mycin in serum was incubated three hours at 37° C. be- 
fore assay, there was less than 15 per cent loss of potency. 
This observation suggests that the degree of destruction 
of aureomycin under physiological conditions has been 
over-emphasized. 

Aureomycin Studies. I. Effect of Aureomycin on Ten 
Strains of Virus in the Psittacosis-LGV Group. Johk 
C. Wagner. Biological Department, Chemical Corps, 
Camp Detrick, Frederick, Md. 

A recent report (Cox et al.) on the efficacy of aureo- 
mycin on the 6BC strain of psittacosis virus made it ap- 
pear desirable to obtain additional data on the action of 
this antibiotic on other virus strains within the psittacine 
group. This report presents the results of such a study 
in both eggs and mice on ten strains of virus in the psit- 
tacosis-lymphogranuloma venereum group. 

Drug effect was evaluated in eggs by comparing the 
LDra values of each virus strain titrated in untreated as 
compared to aureomycin treated embryos. In animal 
studies mice were inoculated intracerebrally with each 
virus strain and treated, beginning 48 hours later, by five 
daily subcutaneous inoculations of varying amounts of 
aureomycin. 

In tlie egg experiments all the virus strains were ex- 
tremely susceptible to aureomycin. In high dilution the 
virus was almost completely masked by the presence of 
drug as manifested by surs'ival of eggs and low titer of 
virus on subinoculation. As the virus concentration in- 
creased, the masking effect could be demonstrated only 
by survival of treated embryos, but not by titer of re- 
coverable virus witliin tlicse embrj-os. All five patho- 
genic strains (Borg, S-F, Gleason, 6BC, P207) tested in 
mice were susceptible to the drug. Injections of 0.5 mg. 
or O.I mg. of aureom}*cin lengthened significantly the life 
span of treated groups of animals as compared to un- 
treated controls. Living virus was recovered after 
21 days from the brains of all treated groups of surviving 
mice. 

The Action of Aureomycin on the Virus of Atypical 
Pneumonia in Chick Btnhryos and Cotton Rais. Mon- 
roe D. E.STON. Department of Bacteriolog)* and Im- 
munology. Harvard Medical School, Boston,' Mass. 

The virus isolated from p-tiicnss with atj-piml pr.eu- 
monia as de sc.nlNil in previous publicaticns s is unrelated 

> fkjton, M. D.. Meiklfjol-.n, G.. and Van Hcrirk. W. 
J. Exp. Mci!.. WS. tZ. 317-329. Am. J. Hygiene, 1947, 


antigenically to Q fever or to agents of the psittacosis 
group, both of tvhich are inhibited by aureomycin. Chick 
embryos inoculated by the amniotic route with the atypi- 
cal pneumonia virus received tw'o doses of aureomycin of 
1 mg. each into the yolk sac two and 48 hours after the 
virus was given. The lungs, trachea and amniotic mem- 
brane of the treated embryos were pooled, made up in 20 
per cent suspension, and inoculated intranasally into cot- 
ton rats to test for the presence of virus. Control em- 
bryos receiving virus and saline were similarly tested. 
The cotton rats svere sacrificed ten days after inoculation. 
Of the 27 cotton rats receiving material from the treated 
eggs, one developed pulmonary lesions, while 20 of the 
26 animals receiving control material developed areas of 
consolidation. When a single dose of 1 mg. of aureo- 
mycin w'as given two hours after the virus, treated eggs 
produced lesions in eight of 28 cotton rats, and controls 
in 17 of the 26 cotton rats, a less significant difference 
probably due to early decomposition of aureomycin in 
the chick embryo. 

Direct treatment of cotton rats infected intranasally 
with chick embryo material and given daily intraperi- 
toneal doses of 1 to 2 mg. of aureomycin starting 24 hours 
after inoculation of the virus also resulted in significant 
therapeutic effects on the pulmonary lesions. The inci- 
dence of pulmonary lesions in animals treated in this man- 
ner was as follows : 0/9 in those receiving 2 mg. daily for 
ten days, 1/22 in those receiving 1 mg., and 27/46 in the 
controls. Preliminary results indicate that the minimal 
therapeutic dose in cotton rats may be close to 0.5 mg. 
daily or approximately 10 mg./kg. body weight 

Clinical Evaluation of Aureomycin and Chloramphenicol 

in Pneumonia in Infants and Children. Ben.nett Ol- 

SHAKEE, Sidney Ross, Adrian Recikos, and Ells- 
worth Twible. Children’s Hospital, Washington, 
D. C. 

Aureomycin 

Fortj’ cases of pneumonia in infants and children have 
been treated with aureomycin during the p.i$t three 
months at Children’s Hospital. Of these, 32 were jiyo- 
genic pneumonias including pneumococcus, streptococcus 
and staphylococcus. The other eight cases appcarct! to 
satisfy the diagnostic criteria of atj^pical pneumonia. 

In the pyogenic group the response both clinically an'd 
bactcriologically was striking. Th.c temperature c.ime 
down precipitously within 12 to 36 liours in almo't every 
case and concomitantly a marked clinical improvement 
ensued. Roentgenologically, the resolution o: the jr.e-j- 
monic process was rapid in the majority of c.irei; hv.v- 
cs-cr, in about 20 per cent of t.he cases t.herc v.-as a ':g in 
the resolution of the area of ccnsolid.’.tion i.y x-ray ap- 
proximating five to eight days. 7f;e dn;e v.ai v.'l.' tvl- 
erated orally with the exception of th' ccra ti'-.e! tr-u:- 
rerrcc cf nausea, vcmit.mg ar.i dlarr: ea. Ter < f s' - cases 
in the i.nfan’ age group fcceiied ti e dru:: is trr — vt ru’jrls 
and shov.td a pre-m.;’ rcsp.'-.'e in tl - r:-.i;'r:t; 'f t-.- 
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In the eight cases of atypical pneumonia the therapeu- 
tic response was similarly gratifying and seemed to fol- 
low the favorable course which Schoenbach and Bryer 
and Finland and his associates have described in their 
series of virus pneumonias in adults. 

Chloramphenicol 

Twenty-seven consecutive cases of bacterial pneumonia 
in infants and children were treated with chloramphenicol. 
The age range varied from five months to eight years. 
In 25 of the 27 cases, there was a prompt defervescence 
of temperature within 12 to 36 hours after initiation of 
the drug accompanied by marked clinical improvement. 
The white blood count dropped sharply and the areas of 
consolidation on x-ray showed resolution within three to 
six days. The results thus far would indicate that chlor- 
amphenicol has definite therapeutic value in bacterial 
pneumonia. 

Some Observations on the Absorption and Excretion of 
Aureomycin and Chloramphenicol. Sidney Ross, Har- 
old Bisciioff, Warren Preisser, and William Orr. 
Children’s Hospital, Washington, D. C. 

A. Chloramphenicol 

(1) Chloramphenicol was observed to pass through the 
placental barrier and was present in cord blood in 
a concentration of 50 to 75 per cent of that ob- 
served in the maternal blood. 

(2) Chloramphenicol readily passed the blood-brain 
barrier and appeared in the spinal fluid in concen- 
trations ranging from 30 to 50 per cent of that 
noted in the blood stream after oral administration. 

(3) No enhancement in chloramphenicol blood levels 
was noted after concomitant oral administration of 
caronamide. 

(4) Chloramphenicol was readily absorbed after rectal 
administration of 125 to 250 mgms. in infants and 
appeared in the blood in therapeutic concentrations. 

B. Aurcomycin 

(1) Aurcomycin was found in the pleural and peri- 
toneal fluids of a nephrotic child after oral ad- 
ministration of 250 mgms. every four hours. The 
concentration of aurcomycin in these fluids was 
approximately one-eighth of that noted in the 
blood. 

(2) Aurcomycin was absorbed into the blood stream 
after rectal administration of 250 mgms. in chil- 
dren. 

Ol-si’rtaiienx cn Tuberculous Meningitis Treated u-ith 
Oral Aureornycin.'^’- Gforge T. H.serell, ^^A^'SON 
MrATS.’ Rorrrr B. I.awso.v, and Thomas N. Lide. 

‘ Th.ii stu '.y wsi supported (in part) by a research 
grant srem the Division of Research Grants and I'cllow- 
sh.tps o; the Nati -nal Institutes of Health, U. S. Public 
Hea’.t'; Nervier. 

-The 3!;re'.fnyc!n untd in this study was furnished by 
l.t-'rrie lji!i-'rat -rin. 

- Mirll; h'ch. dir in Me-.lTinc. 


Departments of Internal Medicine, Pediatrics and Pa- 
thology, Bowman Gray School of Medicine of Wake 
Forest College and the North. Carolina Baptist Hos- 
pital, Winston-Salem, N. C. 

In vitro observations showed that tubercle bacilli were 
susceptible to aurcomycin. This antibiotic was found to 
penetrate into the spinal fluid after oral administration. 
These facts suggested possible application of the drug to 
therapy in tuberculous meningitis. 

A four-year-old boy weighing 14 kilo, had fulminating 
symptoms of meningitis for three days. Acid-fast rods 
were found in large numbers on direct smear of spinal 
fluid. A critical study was done on the effect of very 
large doses of aurcomycin (300-500 mg. per kilo., 4-8 
grams daily) given only orally over 21 days. Almost 
daily blood and spinal fluid levels of aureomycin were ob- 
tained. Blood levels (2-15 /ig./cc.) varied more widely 
than spinal fluid levels (1-3 Mg./cc.) and both varied re- 
ciprocally with the number of stools (one to eight per 
day). Organisms disappeared on smear and the spinal 
fluid sugar rose from 10 to 40 mg.%. Clinical improve- 
ment was steady for over two weeks ; a sudden worsening 
in the third week terminated fatally. 

At autopsy caseous lesions were found in lymph nodes 
and spleen with no evidence of healing. The drug ap- 
parently did not reach intracellular organisms deep in 
tubercles. Serial cultures were planted directly and the 
susceptibility of the organisms to aureomycin was deter- 
mined after recovery from guinea pigs inoculated with 
spinal fluid and tissue. 

No toxic effects were noted pathologically from this 
huge dose— the largest yet recorded— administered for a 
relatively long time. The negative spinal fluid cultures 
without intrathecal therapy may justify further study of 
aureomycin in combination with other forms of therapy 
in this disease. 

A Comparative Study on the Effects of Aureomycin and 
Penicillin on the Pharyngeal Flora of Normal Human 
Beings.'^' 2 Manson Meads, ^ Wallace P. Rowe, and 
Nancy M. Haslam. Department of Internal Medi- 
cine, Bowman Gray School of Medicine, Wake Forest 
College, Winston-Salem, N. C. 

The effects of aureomycin and penicillin on the aerobic 
bacterial flora of the pharynx were compared in normal 
human subjects. Repeated semiquantitative throat cul- 
tures were taken from the same individual before, during, 
and after the successive oral administration of the two 
antibiotics in different doses. By utilizing each subject 
as his own control, host factors that may influence chemo- 

i^This investigation was supported (in part) by a rc- 
srarch grant from the Bacteriology Study Section, Divi- 
sion of Research Grants and Fellowships of the National 
Institutes of Health, U. S. Public Health Service. 

2 The aureomycin and penicillin used in this study were 
furnished by Lcderlc Laboratories Division, American 
Cj-anamid Company, Pearl River, N, Y., through the 
courtesy of Dr. Stanton M, Hardy. 

* Markic Scholar in Medicine. 
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therapeutic response were minimized. Repeated tests 
were made of the in vitro susceptibility of the bacteria 
recovered throughout the period of observation. The 
alpha hemolytic streptococci proved to be a good index 
for the comparison of certain aspects of the antibacterial 
activity of the two drugs because of (1) their suscepti- 
bility to aureomycin and penicillin, (2) their constant 
appearance in normal pharyngeal cultures, and (3) their 
consistent reappearance after effective therapy had been 
stopped. 

With the exception of the genus Hemophilus, aureomy- 
cin and penicillin demonstrated a similar spectrum of anti- 
bacterial activity. By weight, penicillin was approxi- 
mately five times more effective than aureomycin against 
alpha streptococci in the human pharynx; penicillin was 
12 times more active against these organisms in vitro. 
In most instances, a drug-specific decrease in the mean in 
vitro susceptibility of alpha streptococci and Neisseria 
flava paralleled a failure to clear these organisms from 
the pharynx. The mean increase in resistance to peni- 
cillin was maintained throughout a three-week period 
after this drug had been discontinued. The degree of 
aurcomycin-fastness that followed treatment with this 
agent slowly decreased in vivo, although repeated transfer 
of resistant organisms in media free of antibiotic failed 
to effect their degree of susceptibility. The apparently 
stable property, fastness to penicillin, was used as a label 
to study the dynamics of aureomycin-fastness in phar 3 Ti- 
geal bacteria. 

This method of antibiotic comparison may serve as a 
valuable tool to supplement laboratory studies on a new 
chemotherapeutic agent before it is used in clinical disease. 

Isolation and Chemistry of Chloramphenicol {Chloromy- 
cetin^). Quentin R. Bartz. Research Laboratories, 
Parke, Davis and Company, Detroit, Mich. 

The activity of chloramphenicol, a new ciystalline anti- 
biotic obtained from filtrates of submerged aerated cul- 
tures of Streptomyces vcnczuclae, was followed by means 
of a turbidimetric method employing Shigella paradysen- 
tcriae (Sonne) as the test organism. It was stable at 25° 
in culture filtrates over the pH range of 0.40-9.56 for 24 
hours but was rapidly destroyed at pH 10.82. The distri- 
bution ratio at 25* of chloramphenicol between organic 
solvent and either acidified or weakly alkaline aqueous 
solution was found to be tlirec or more for cyclohexanone, 
butanol-1, ethyl acetate, methyl isobutyl ketone, isopropyl 
acetate, amyl acetate, methyl amyl acetate, nitrobenzene, 
nitromethane and diethyl ether; approximately one for 
ethylene didiloride, and less tlian one for ddoroform, car- 
bon tetrachloride, trichloroethylene, benzene, dichloro- 
ethyl ether, and petroleum ether. Chloramphenicol is 
readily absorbed by Kuchar C190\ from aqueous solution 
at either an acid or neutral pH, 

Two general procedures for the isolation of chloram- 
phenicol in crystalline form from crude culture filtrates 
involve (1) extraction with water-immiscible organic 

> TliC rame Qilcromjxctin las iKcn adopted by Parke, 
Davis 5; Company as a trademark for this antibiotic. 


solvents or (2) adsorption on carbon and elution with 
organic solvents. 

Chloramphenicol is an optically active, nonionic chlo- 
rine-containing amide, melting at 149.7-150.7°, the molec- 
ular formula of which is CuHisChNsOs. The assigned 
structure has been confirmed by an unequivocal ssmthesis 
(Controulis, Rebstock and Crooks). 

Chloramphenicol {Chloromycetin ^) Assay and Suscepti- 
bility Test Methods. D. A. Joslyn, J. Ehrlich, and 

J. L. Schwab.2 Research Laboratories, Parke, Davis 

& Company, Detroit, Mich. 

The chloramphenicol content of aqueous solutions and 
body fluids has been determined by three microbiological 
methods. Turbidimetric Method: Samples arc diluted to 
an estimated concentration of 0.2 microgram chloram- 
phenicol per milliliter in brain heart infusion (Difeo) con- 
taining a standardized inoculum of Shigella sound; after 
CO. four hours' incubation at 37° C., potency is calculated 
by comparing turbidity of the sample tubes with that of 
control tubes containing 0.1 to 0.5 /ig. of a standard chlor- 
amphenicol per milliliter. Overnight Broth Method: 
Samples arc diluted serially as required in brain heart 
infusion containing a standardized inoculum of 5". sonnei; 
after ca. 18 hours’ incubation at 37° C, the concentration 
of chloramphenicol in the sample is estimated by compar- 
ing the end point (complete inhibition) of the sample with 
that of a standard. Agar Diffusion Method: Uniform 
volumes of appropriately diluted samples and standard 
arc added to one-half inch diameter filter paper disks 
placed on agar plates seeded with Bacillus subtilis or 
other susceptible test organism; potency is estimated by 
comparing the resulting inhibition zone diameters with 
aid of a standard curve. 

The susceptibility of cultures, particularly those iso- 
lated from candidates for cliloramphcnicol therapy, ha.s 
been tested by two microbiological methods. Agar Dilu- 
tion Method: Tryptosc agar dilutions of chloramphenicol 
arc streaked with clinical material ; after suitable incuba- 
tion, presence or absence of growth in the several pl.ates 
indicates the degree of susceptibility. Broth Dilution 
Method: Tryptosc broth dilutions of chloramphenicol are 
inoculated with a standardized suspension of the cultures 
on test; after suitable incubation, the degree of suscepti- 
bility is indicated by complete inhibition of growtli. 


A Colorimetric Method for the Determination of Chlor- 
amphenicol {Chloromycetin^); Application to Bio- 
chemical Studies. A.'.’TitoNY J. Gi-szko, V.'rs:T;v A. 
Dili, and Loretta M. \Vo:.r, Research Ijl^ratories 
of Parke. Davis and Gxnpany, Detroit, l.fiel:. 


The cclorimetrie rneth''*'! usei! for t.he de:trm 
Qdoromjxetin and relatesi a.'cenitie rit.'o 
based on redurtion with meta!!:: zinc c r titin-.-j". 

* Chlorirr.jxetin is the Parke. Das.'s a-.-! Cec:; 
for 

-With tedinira! asiisunre rf .M. C. G-Jlrait-- 
M. L. Davitt. M. P. Sheei-.a.'; an l P. il Gc'st 
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followed by diazotization and coupling of -the resulting 
aryl amine with the Bratton-Marshall reagent. The ac- 
tive antibiotic can be separated from its metabolic prod- 
ucts by extraction with ethyl acetate and determined sepa- 
rately. The titanous procedure has also been used for the 
development of color on paper strips after chromato- 
graphic separation of various Chloromycetin derivatives. 

Blood level studies on man and lower animals indicate 
rapid absorption and excretion of this antibiotic. Human 
subjects given Chloromycetin by mouth were found to 
excrete aromatic nitro compounds which accounted for 
more than 90 per cent of the administered dose in 24-hour 
urine specimens. Less than 10 per cent of this was found 
to be active Chloromycetin which was isolated from urine 
and identified. 

The inactive metabolic products were chromatographed 
on paper strips, and one component was shown to have the 
same Rf value as a known hydrolysis product of Chloro- 
mycetin. The other inactive derivative, representing the 
major excretory product, was isolated by countercurrent 
extraction and tentatively identified as the mono-glucuro- 
nide. This metabolic product was readily hydrolyzed with 
i3-glucuronidase, yielding active Chloromycetin. 

No increase was observed in the urinary excretion of 
aryl amines in man following the administration of Chlo- 
romycetin, but lower animals such as the mouse, rat, and 
guinea pig excreted aryl amines in addition to inactive 
nitro compounds. In vitro studies with tissues of the rat 
and guinea pig demonstrated the presence of enzyme sys- 
tems which converted Chloromycetin to inactive nitro 
compounds and also reduced the nitro groups to produce 
aryl amines. 

Chloromycetin in Salmonellosis. S. Ross, F. G. Burke, 
E. C. Rice, and J. A. Washincton, Children’s Hos- 
pital, Washington, D. C. 

Five cases of salmonellosis have been treated or are 
being treated with Chloromycetin at Children's Hospital. 
Two of these five cases arc carriers who have failed to 
respond to streptomycin, aureomycin, or aerosporin dur- 
ing the past four months. The efficacy of Chloromycetin 
in these cases is too carlj- to evaluate. The stool cultures 
arc now negative for the first time in four months ; how- 
ever, insufficient time has elapsed for an adequate fol- 
low-up. The dose used was 125 mgm. cverj' four hours 
orally for 10 to 14 days. 

A third case had a positive blood culture for salmonella 
on adnii.ssion. .-Mtcr administration of the drug, subse- 
quf.nt h!cx>;! cultures became sterile and a positive stool 
culture was not obtained at any time. The child made an 
lu’.evi-ntful recovery. A fourth case currently under treat- 
ment !;;s» sbonn a persistence of positive stool cultures 
during tl’.e fir.^t four d.i>5 after initiation of the drug. 

Th-: fntl; ca'r v\as a critically ill child with a positive 
adture. Ch: .'rurnycetin was started shortly after 
t’-r p- i'ti'.e M 'vl c'.r'ture was obtained; however, the 
c'.'’! did v.itb.in 12 b, .'-ms. The duration of ib.crapy was 
t -■> s' .'t t t '-rmi; any evaluatirr, r; the efficacy of the 


It would seem thus far that Chloromycetin might be 
more promising in salmonellosis than any antibiotic we 
have used; however, a larger number of cases' and a 
longer follow-up would be mandatory before any cate- 
gorical statement could be made. 

Chloromycetin ^ in Therapy of Bacillary Urinary Infec- 
tion. George E. Chittenden, El wood A. Sharp, A. J, 
Glazko, and A. S. Schlingman. Research Labora- 
tories, Parke, Davis and Company, Detroit, Mich. 

When the clinical, investigation of the antibiotic effect 
of Chloromycetin in bacillary urinary tract infections was 
begun, only fragmentary data on blood levels, urine con- 
centrations and excretion rates were available. As a re- 
sult, numerous dosage patterns were studied. Some pa- 
tients were given large (3.0 Gm.) single doses and were 
followed by frequent urinary cultures and blood levels. 
Others were given 2.0 Gm. single doses followed by 0.5 
to 1.0 Gm. at four to eight hour intervals. 

As a result of a study of approximately 50 patients, the 
following facts have been determined : 

(1) Chloromycetin appears to be a safe drug, especially 
when given orally in a wide range of dosage pat- 
terns. Thus, in mild to moderate bacillary infec- 
tions, 0.5 Gm. every six to eight hours around the 
clock will maintain a satisfactory therapeutic blood 
level. In severe cases, a large initial dose (1.0 to 
3.0 Gm.) followed by maintenance doses of 0.5 
Gm. every six to eight hours will be adequate. 

(2) Therapy may be continued for a long period of 
time with no adverse pathological reactions. In 
one case, approximately 54.0 Gm. were given con- 
tinuously without toxic or allergic reactions. 

(3) Since our studies have indicated the frequent pres- 
ence of a multiplicity of organisms (Gram-positive 
and Gram-negative), treatment of urinary infec- 
tions with sulfadiazine or penicillin in addition to 
Chloromycetin may be indicated. 

Aureomycin and Chloramphenicol: Use in Typhus, Ty- 
phoid and Brucellosis. Vernon Knight, Walsh Mc- 
Dermott, and Francisco Ruiz-Sanchez. Department 
of Medicine of the New York Hospital-Cornell Univer- 
sity Medical College, New York, N. Y., and the Insti- 
tute for the Experimental Study of Infections of the 
University of Guadalajara, Mexico. 

Twenty-eight patients with typhus fever, presumably of 
murine \-ariety, have been treated with aureomycin. The 
majority of a group of 23, treated by oral administration, 
received 100 to 200 mg. per Kg. per day for periods of 
one to two days with dramatic improvement and prompt 
clinical remission. 

Other patients were treated with lower oral doses and 
by the intravenous route. These studies indicated that 50 
mg. per Kg. per day orally for 36 to 48 hours was the 
lowest limi t of cfTcctivc dosage and that a dose of 25 mg. 

^ Trade-Mark Parke, Davis and Company for chlor- 
amphenicol. 
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)er Kg. per day for 36 hours was sub-effective. Sub- 
:ffective and effective doses of 400 mg. and 1,000 mg.' in- 
xavendusly respectively in a 48 hour period of time were 
observed. 

It was concluded that aureomycin constitutes highly ef- 
fective therapy for typhus fever and that an approximate 
aral-intravenous ratio of effectiveness of one to five exists 
in this disease. 

Twenty-three patients clinically ill with brucellosis, of 
whom nine had positive blood cultures for B. melilensis, 
were treated with aureomycin and chloramphenicol. The 
treated groups were almost equally divided and received 
similar doses of these drugs for periods averaging about 
eight days in doses ranging from 50 to 100 mg. per Kg. 
per day. Prompt clinical remission occurred in both 
groups after therapy. No significant differences were ob- 
served in the degree and duration of fever after therapy, 
although the clinical impression was gained that slightly 
more chloramphenicol than aureomycin was necessary to 
produce comparable results in the treatment of this in- 
fection. Frequent relapses make necessary further study 
of dosage regimens and evaluation of therapy in terms of 
permanent remission. 

Forty-six patients with typhoid fever, of whom 35 were 
bacteremic, were treated with chloramphenicol or aureo- 
mycin. Dosages of aureomycin ranged from 50 to 500 
mg. per Kg. per day for approximate eight day intervals. 
Chloramphenicol was given in most cases in doses of 100 
mg. per Kg. per day for a similar period of time. 

Clinical observations revealed that chloramphenicol was 
far superior to aureomycin in the treatment of typhoid fe- 
ver, and this was in conformity with the previously re- 
ported good results with chloramphenicol. A definite, but 
slight effect was observable, however, in the aurcoraycin- 
treated patients. 


Polypeptide Antibiotics 

Chemical Studies of Ctrculin.i D. H. Petersox and L. 

M. Rejneke. Research Laboratories, The Upjohn 

Company, Kalamazoo, Mich. 

Circulin, an antibiotic more active against Gram-nega- 
tive than Gram-positive organisms, was isolated and puri- 
fied from the fermentation liquors of a non-hemolytic 
strain of B, eirculans by Peterson and Colingsworth, 
working in cooperation with Murray, Tctrault, Kaufmann 
and KofTlcr. 

Circulin, like the polym>’xin5, is a basic polypeptide, but 
differs from them in amino acid composition and is in- 
activated by lipase. Tlic active principle was considered 
pure wl>cn repeated carbon chromatography and regenera- 
tion from its salts failed to raise the .activity or alter its 
chemical composition. Circulin readily forms salts such 
as the hydrochloride, picrate, rcineckatc and heliar.thatc. 
Tl'.c antibiotic is insoluble in llie water immiscible sol- 

> In a recent note to tl-.e J. Dact. (In Press) the name 
Circulin was withdrawn in favor c{ Mucoidin for an anti- 
biotic dfscrr!*-d by Qusrlotte Mcljtcxi, 1. Bact-. IW®. '5 
r.5Q. .“ ■ ’ 


vents but is very soluble in water and less soluble in the 
lower alcohols. Circulin gives a negative ninhydrin- 
carbori dioxide reaction. Nevertheless, it contains free 
amino groups as exhibited by the Van Slyke and formalin 
reactions as well as by its reaction with 2,4-dinitrofluoro- 
benzene. 

An optically active isomer of pelargonic acid was iso- 
lated from the acid hydrolysate of circulin. Paper strip 
chromatography, microbiological and isolation studies of 
this hydrolysate demonstrated the presence of L-a,7-di- 
aminobutyric acid, L-threonine and n-leucine. From 300 
mg. of acid hydrolysate it was possible to separate the 
amino acids by powdered cellulose partition chromatogra- 
phy in sufficient quantities to identify the constituents by 
various chemical means. 

Paper strip chromatography reveals that the only free 
basic amino groups of circulin arc due to the 7 -amino 
group of a, 7 -diaminobutyric acid. 


Studies on Circulin. P. A. Tetrault, H. Koffler, 0. 
W. Kaufmann, and L. Y, Quinn. Laboratories of 
Bacteriology, Department of Biological Sciences, Pur- 
due University, Lafayette, Ind. 


The discovery of an antibiotic which is very active 
against Gram-negative bacteria and is related to the 
polymyxins was recently announced by Murray and 
Tetrault (Proc. Soc. Am, Bact,, 1948, 1, 20). This anti- 
biotic is produced by Bacillus eirculans Q-19 and was 
therefore named circulin in a paper in press which also 
summarizes information on its assay, isolation, and gen- 
eral properties (Murray, Kaufmann, Tctrault, Koffler, 
Peterson, and Colingsworth, J. Bact., 57, in press). This 
antibiotic is not identical with the highly toxic product 
of Bacillus krscmicnicxuski M-14 which is being studied 
at the Venereal Disease Research Laboratory and which 
until recently was also named circulin (McLeod, J. Bact., 
1948, 56, 749-754. 

Yields which arc approximately cqui\-alcnt to from 50 
to 100 mg. of pure circulin sulfate per 100 ml. of medium 
can be obtained during the submerged growth of Bacillus 
eirculans Q-19 in a medium which contains the follow- 
ing: 2 per cent yeast c-xtract, 2 per cent dextrin. 1 per 
cent (NHOiSOi, O.A per cent KC!, 0.02 per cent KHtPO,. 
and 1.6 per cent CaCOi. The following chemical changes 
occurred during a rcprescnlativc fermentation: Bacteri.i! 
growth proceeded fairly rapidly after inoculation, etpe- 
cially so after 12 hours. Maximum cellular slevelopment 
was reached approximately after 36 hours. Highest cir- 
culin yields were obtained 12 hours later. At that time 
the cells had begun to autolyre. Organic r::!r(gm ccer.- 
pounds appeared to be used in pecfercnrc to ammonia ni- 
trogen. After 36 hcesrs almost all cf the organic nitrf'grn 
had lieen utilized while th.e ccnccntraticn r; am.m.'eii 


nitrogen remained relatively uncluirgel 
cf dextrin paralleled bcrsrria! grov.th. 
when a tr.aximu.'n p-cpulaticn level h: 
dextrin was no longer uie-I, alth- u.’:'i at 
fourth cf the erigiru.! am -urt still reetu 
liring dextrin tl-.e culture pr-du-'-! la- 
cTj »• 
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The pH values reflected these chemical changes. A drop 
in pH from 7.8 to 6.4 accompanied the production of lac- 
tic acid; when the lactic acid was utilized and nitrogen 
compounds were released, the pH rose from 6.4 to 7.4, 
and then more gently to 7.8, a pH value reached after 73 
hours. Preliminary experiments indicated that circulin 
protects white mice against infections caused by Salmo- 
nella typhosa, Klebsiella pneumoniae, and Vibrio cholerae. 
The amounts of circulin necessary to accomplish this were 
from one-seventh to one-fourth as large as the amounts 
lethal to half of the mice tested. 

A Consideration of the Toxicity of Bacitracin Following 
Systemic Administration. Frank Lamont Melenev 
and B ALBINA Johnson. Columbia University, College 
of Physicians and Surgeons, New York, N. Y. 

There is no evidence of toxicity or allergy from the 
local injection of bacitracin in the treatment of localized 
surgical infections from the surface application of baci- 
tracin, or from mouth administration of single doses as 
high as 250,000 units. Nevertheless, evidences of kidney 
irritation have appeared following the intramuscular in- 
jection of doses ranging from 10,000 to 100,000 units ad- 
ministered every four to six hours. These toxic effects 
have varied strikingly witli the different manufactured 
lots and with different manufacturing methods. This was 
not fully recognized until June, 1948. 

Since July, precautions have been taken to use only 
those lots which have demonstrated an LD 50 of 300 or 
more for a 20-gram mouse. In the last eight months, 60 
or more cases have been treated successfully with these 
lots without any evidence of serious kidney damage. This 
report covers more than 200 cases which dearly reveal 
not only the variations in toxicity but tlic safety and ef- 
fectiveness of lots which have demonstrated, by the FDA 
tests, an LD 50 of 500 for 20-gram mice. Sixty per cent 
of these cases have been treated with bacitracin because 
they failed to respond to other methods of antibacterial 
therapy and more than half of these have then responded 
to bacitracin. 

Recent experience indicates that there is an increasing 
number of bacterial infections which do not respond to 
penicillin and the causative organisms arc frequently 
found to be resistant to penicillin but susceptible to baci- 
tracin. These facts clearly indicate the need for an anti- 
biotic with the attributes of bacitracin. 


Bacitracin Therapy of Experimental Staphylococcal Men- 
ingitis in the Dog. Paul Teng and Frank Lamont 
Meles’ey. Columbia University, College of Physicians 
and Surgeons, New York, N. Y. 


Early experiments in normal animals demonstrated that 
bacitracin was held b.ack by the blood-brain barrier and 
reacl'.ei.! the cerebrospinal fluid in only about 10 per cent 
of the C'.'nccntration attained in the blood, following in- 
tfavcn.XTS c.- intramuscular injection. However, this 
conccr.trati'm was considerably increased in the presence 


rf !-<a! inflim.mition. 

Foil 3v. ir.g th.e intracisterrra! injection 
ei-ntaininc lO.iX'O units of bacitracin 


of 3 cc. of saline 
in normal dogs, 


there was some initial stiffness of the neck and pleocyto- 
sis; but the animals appeared normal as soon as they re- 
covered from the anesthetic and there was no evidence 
of injury to the brain or cord. 

In a series of 16 dogs in which meningitis was produced 
by the intracisternal injection of 500 million staphylococci, 
one-half of the animals were retained as controls while 
the other half were treated with the intracisternal injec- 
tion of bacitracin at varying intervals following the inocu- 
lation of the organisms. In all of the animals, symptoms 
of meningitis rapidly developed and in the controls it was 
invariably fatal in from four and one-half to 37 hours, but 
the treated animals survived if treatment was begun within 
three hours following the inoculation of organisms. The 
intracisternal treatments varied from one to three in num- 
ber, ranging from 4,000 to 10,000 units contained in 3 cc. 
of saline. Intracisternal treatment was supplemented by 
intramuscular injections of bacitracin varying from one 
to eight in number, ranging from 10,000 to 50,000 units. 
Intramuscular injections alone, containing 25,000 units 
every six hours, in four animals failed to save any of 
them. 

These experiments indicate the trial of bacitracin by 
the intrathecal route in patients with meningitis due to 
organisms susceptible to bacitracin. 

Parenteral Bacitracin in Surgical Infections. Alfred B. 

Longacre, Robert M. Waters, and Florence Evans, 

Department of Surgery, Louisiana State University, 

School of Medicine, New Orleans, La. 

Bacitracin is an antibiotic derived from the Tracey 
strain of Bacillus subtilis. It exerts its greatest anti- 
biotic action against species and strains of Gram-positive 
cocci. However, it is also an effective antibiotic against 
the Clostridia organisms and also many strains of spiro- 
chetes including T. pallidum. As with the other anti- 
biotics its full range of antibiotic activity will only be 
determined by further investigation of its inhibiting ac- 
tion on various strains of bacteria. 

In this study of 50 cases of infection, bacitracin was 
an effective therapeutic agent in 33 or 65 per cent of the 
cases. It was administered parenterally in varying doses, 
ranging from 2,000 to 52,000 units every six hours. Some 
of the cases also received bacitracin locally in addition to 
the parenteral dose. The types of infection studied in- 
clude those of cellulitis, deep tissue abscesses, infected 
wounds, furuncles and carbuncles, human bite and other 
miscellaneous infections. All bacteria recovered from the 
infections were tested for bacitracin sensitivity. In 25 
instances the flora contained at least one bacitracin-sensi- 
tive organism and in this group 19 or 76 per cent re- 
sponded favorably, whereas in the group of eight cases 
with only resistant strains, only three or 37.5 per cent had 
a favorable response. There were 16 cases, mostly those 
of cellulitis, from which no cultures were obtainable. In 
this last group 12 or /5 per cent had an excellent or good 
response. 

The usefulness of parenteral bacitracin is at present re- 
stricted because of its toxic reactions. In this series, 16 
cases demonstrated changes indicative of a possible lower 
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nephron syndrome. However, in only two instances were 
these changes of sufficient magnitude to be considered se- 
rious, and in no instance did a reaction persist after cessa- 
tion of administration of the antibiotic. The exact factor 
responsible for these reactions is not known but the ac- 
cumulated evidence suggests that it probably is not in the 
bacitracin itself but is a part of, the mixture. The inci- 
dence of reactions varied with the different lots of baci- 
tracin and did not appear to vary with the size of the dose 
or type of infection. 

Even though SO cases is a very small number of cases, 
the clinical response in those responding favorably indi- 
cates that bacitracin is an antibiotic of definite therapeutic 
value in cases which are caused by bacteria sensitive to it. 

The Use of Aerosporin in Specific and Non-specific En- 
teritis in Infants and Children. Fhederic G. Burke, 
SiDNEv Ross, E. Clarence Rice, and John A. Wash- 
ington, Children’s Hospital, Washington, D. C. 

Forty cases of enteritis were treated with aerosporin. 
These included 18 cases of non-specific enteritis, 16 cases 


of shigella, 40 cases of salmonella enteritis and two cases 
of typhoid fever. The dose employed was 2 to 3 mgms, 
per kg. of body weight every four hours by mouth 
for seven to 15 days. The aerosporin sensitivity ranged 
from 0.02 to 0.08 Mg. per ml. Within 4° to 72 hours there 
vyas a marked diminution of the stool bacterial flora but 
no particular benefit was noted throughout the course of 
the non-specific diarrhea. In 14 of the 16 shigella cases a 
cure was noted and in two no significant effect was ob- 
served. 

The value of aerosporin in salmonella was equivocal 
and the drug was given intramuscularly and by mouth. 
Toxic manifestations intervened in two of tlie cases and 
precluded adequate evaluation. There was no striking ef- 
fect of the drug in the two cases of typhoid fever. 

Following intramuscular injection toxic reactions in- 
cluded local pain, fever, malaise, and leukocytosis. Neph- 
rotoxic reactions were noted in cases given the drug by 
mouth and intramuscularly and consisted of azotemia, 
albuminuria, white cells and casts in the urinary sediment. 
The high incidence of toxic manifestations of the drug 
would preclude its widespread usefulness. 




THE SERUM PROTEINS IN INFECTIOUS MONONUCLEOSIS. 
ELECTROPHORETIC STUDIES 

By KENNETH STERLING ^ 

(From the Department oj Medicine, the University of Chicago) 

(Received for publication February 17, 1949) 


Previous investigations have shown the vert' 
frequent occurrence in infectious mononucleosis 
of abnormal findings on liver function tests (1-7), 
and of hepatic involvement on histologic examina- 
tion of both autopsy (8-11) and biopsy material 
(1, 12-14) in cases with and without jaundice. 

Alterations observed in the composition of the 
serum proteins (2, 4, 6, IS, 16a) appear to be 
compatible with the occurrence of positive cepha- 
lin-cholesterol flocculation and th}miol turbidit}’’ 

1 Present address : Department of Medicine, Har\’ard 
Medical School, Boston, Mass. 


tests, notwithstanding the various interpretations 
advanced to explain the mechanisms of these tests 
(16-22). 

The present work was undertaken to study in 
detail the serum proteins in infectious mononu- 
cleosis by the electrophoretic method and to exam- 
ine separated protein fractions for the presence of 
heterophile antibodies. 

METHODS 

The electrophoretic runs were performed with the 
standard apparatus and technique described by Longs- 
worth (23) using sodium diethylbarbiturate (veronal) 


SEPAR/tTIOH OF SERDU PROTEDl FRACTIOUS 


Ascending 


Descending 


Pattern 'of serum of G. B. 
before separation. 



A «, Oi /9 t 



T e*, a. A 


Pattern of serum of G. B. 
before separation. 


Pattern after removal of 
albumin. 




Pattern after removal of 
gamma-globulin . 


Pattern after removal of 
scrum Tdthout gamma-globuHn . 
(Sample removed contained all 
components except gamma- 
globuli. 1 .) 



r t 


Pattern after removal of 
scrum vithout albumin. 

(Sample removed cont-ained all 
components except iUbumlr..) 


The four samples obtained frers each serum vero: (1) separated albumin, ( 2 ) serum irlth—jt 
albumin, (3) serum •Rlthcut gmmaa-globilin, (U) separated g.mmaa-globjlin . ' 


I-m., I 
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FlC. la. CON’CKNTRATION DIAGRAM OF Sf.RUM COMPONENTS IN CeLL AFTER ELECTROPHORESIS* 
BiifTcr salt concentration is designated by “i,” albumin by “A,” and the alpha-1-, alpha-2-, beta-, 
and gamma-globulins by their respective Greek letter prefixes. 

The solid line curves indicate the concentrations of components. The dotted lines are outlines of 
electrophoretic patterns as photographed, and show refractive index gradients caused by the components. 
Since the dotted lines represent the slopes (first derivatives) of the solid line curves, the areas under 
the peaks of the electroiihoretic patterns give the relative concentrations of protein constituents. 


buffer of pM 8.6 and ionic strength 0.1. .Vfter dialysis 
against the huffer the serum was diluted with buffer 
solution to four times its original volume prior to dialysis. 

Edectrophoresis was carried out at approximately 1.5°C. 
for 120 minutes at a potential gradient of 7.7 volts per 
centimeter. Photographs were taken by the schlieren 
scanning method. 

In the estimation of the fractions as jicr cent of the 
serum i)roteins both ascending and descending patterns 
were used, the areas lieing divided by ordinates from the 
nadirs between jieaks to the base line. The quantities of 
the fractions as grams per cent reiiresent the products 
(2-11 of the percentages and the total proteins from the 
convention.'d Kjeldahl method, neglecting recent theo- 
retically valid retineiiuiit' (23, 2(j). 

The reparation of fraction-, was carried nut by means 
of a capillary idpette lowered into the electrophoresis cell 
h\ rack and pinion In tin-, manner four fractions were 
o’lt.iiinal. h'roni the ;ircending limb the scf'aratcd itllni- 
!,i\er ah-",e the I'ther eomp<inents was aspirated. 
Th' pip', ite tip war tin n low end further into the cell to 
.’i p. lim jint ah- 'Vi th'- '(art of the a'Ceiiding ganmia- 
g! ''dtn i '• .ik a:'! a '.iniplr w.i' drawn o(T containing all 
c ;r; ■■■■:;(' i \ci p( ganinci-'cloh-ahn ( .tcrii;;; 

rr.i;;; ti ■■ up; ' r part of the tlescend- 

D. on. I I. !i., an 1 .Viram-.T!. H. A.; 
: .o ; ...r m Mi-Ii-.d Ikn'in n d.. < ). 
■- T- Vn.r K. i'o'.h'h. r-. In,:.. 


ing limb sc/^aralcd (ja)niiia-globulin w'as obtained. Low'- 
ering the piiiette tip to a point just above the start of 
the descending albumin peak yielded a sample with all 
components except albumin {scnnti zvitiwut albiimiu). 
All these collections were performed with careful visuali- 
zation of the peaks and pipette tip by the cylindrical lens 
method and schlieren band method wdien needed. After 
the removal of each sample a photograph was taken to 
show the remaining undisturbed pattern as a check on 
the level of the pipette tiji during collection and as an 
indication of the accuracy of the separation. (See Fig- 
ures 1 and la.) 

In a few instances the attemjit w'as made to verify 
further the accuracy of separation by reanalyzing frac- 
tions clectrophoretically in the micro-cell. (Sec Fig- 
ure 2.) 

Iletcrophile antibody titration (27) was done on the 
four fractions obtained from each serum, and also on the 
diaUzed huffer diluted serum (not subjected to electro- 
|>horesi> ) which served as a control. The titres are re- 
ported as final serum dilutions" considering the samples 
of fractions or controls as reiiresenting the “undiluted 
'erimi , actually the controls were 1 : 4 dilutions, and the 
fraction' were still further diluted to an indeterminate 
i-.xtent hecau'c of unavoidable dilution with buffer in the 
'ejiaration of fractions. 

. \h'()r|ition of heterophile antihfidies was carried out 
h> repeated inculiatioii of inactivated serum with packed 
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CASE MATERIAL 

As normal controls the fasting sera of ten volunteer 
medical students and physicians were examined.^ All 
were normal with respect to total proteins, albumin and 
globulin, alkaline phosphatase, bromsulfalein retention, 
hippuric acid excretion, prothrombin time, cephalin-chol- 
esterol flocculation and thymol turbidity tests. 

Seven hospitalized cases of infectious mononucleosis 
where the diagnosis was considered certain were selected 
for study. All exhibited definite enlargement of lymph 
nodes as well as other suggestive clinical manifestations. 
At some time during the hospital course each patient 
showed lymphocytosis as high as 50% or greater, includ- 
ing cells considered characteristic of the disease. Hetero- 
phile antibody titres of 1 : 512 or higher were present in 
all cases. 

Two patients (T. S. and L. M.) had moderate jaundice, 
and one (R. S.) had slight jaundice, subsiding at the 
time his serum was studied. The serum bilirubin was 
normal in the other four cases. 

To compare the findings with those in infections of 
approximately similar severity but without known hepatic 
disorder, two hospitalized cases of upper respiratory tract 
infection were chosen at random ; one beta-hemolj'tic 

- These sera form part of a larger study of liver dis- 
ease being done in collaboration with Drs. William E. 
Ricketts, Joseph B. Kirsner, and Walter L. Palmer. 


laCRD-CELL EIECTHDPHORESIS 



A S’ 


I'. 


streptococcal pharyngitis and one “acute upper respiraton' 
tract infection, type unspecified,’’ both with negative 
heterophile antibody determinations and thymol turbidity 
tests. 

For comparison with known hepatic disease the fol- 
lowing three cases - were studied : 

C. G., subsiding infectious hepatitis followed with serial 
punch biopsies of the liver; 

E. H., fatal hepatitis of probable virus etiology with 
progressive downhill course characterized bj- jaun- 
dice, edema, ascites, and hemorrhagic phenomena, 
and showing at autopsy massive hepatic necrosis 
with regeneration of pseudolobules ; 

Jil, S., Laennec's cirrhosis with jaundice, ascites, and 
edema, the diagnosis being confirmed by liver punch 
biopsy. 

RESULTS 

Nonual Sera 

The electrophoretic and chemical data on the 
serum proteins of the ten normal volunteers with 
negative liver function tests are listed in Table I. 
The findings are comparable with those of other 
workers. 

Ivfcctioiis Moiioiuiclcosis Sera 

The electrophoretic and chemical data on the 
serum proteins of the infectious mononucleosis pa- 
tients with results of simultaneous liver function 
tests are listed in Table II. 

In both the ])cr cent compositions and the ab- 
solute amounts there were diminutions of the albu- 
min fractions and elevations of the gamma-globulin 
fractions as comjjarcd with the normal sera. These 
deviations a])])car to be significant in all imt the 
non-jaimdiccd patient D. C. who was also the only 
ca.se with negative cepbalin-clinle.-terol lloccula- 
tion and thymol turbidity tests, aiul in wliom tiie 
only normal alkaline ])hos])hatase occurred among 
the si.'; determinations done. Tlie studic' on thi.> 
patient were done on the i-lili da> of illne-' v.lu n 
he had l;ecome afebrile three da\ > lieforc rii-ebarge. 

Less j)ronounced and les' fre<jne:i:b. ob~cm,((i 
altenitioiK were the e!e\-ations df tla- aljiha-I-L'b’b;;- 
lin and lieta-globniin fr.actifrU'. 

The jae.ndiced ca-e,-. 'r S a:!'l 1. .M ' 

somewhat tisire proaonneed ci-.a:;'.,'!-' 

I'rotetn co!n;'-wi;ii 


os 
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TABLE I 
NOHtAL -SERJL 






Electropboretic data 




Boire 

sodlnm solTate 




per cent 


grams per cent 



grams per 

cent 


Alb 

o<i 


/3 

Jr 

Alb 

CXi 


d 


A/Q 

A/G 

Alb 

Glob 

Tot 

1. 

63.3 

2.5 

8.8 

12.0 

13.5 

h.52 

0.18 

0.63 

0.86 

0.96 

1.73 

2.lt3 

5.06 

2.08 

7.1lt 

2. 

61,1 

3.3 

9.1 

12.7 

13.9 

It .70 

0.25 

0.71 

0.98 

1.07 

1.57 

2.38 

5.1t3 

2.28 

7.71 

3. 

60.0 

1».7 

10.6 

lU.3 

10 .U 

3.93 

0.31 

0.70 

0.9Jt 

0.68 

1.50 

2.32 

It .58 

1.98 

6.56 

U. 

60 .6 

3.6 

8.5 

13.2 

Ik.l 

lt.07 

0.2U 

0.57 

0.89 

0.95 

1.5Jt 

2.95 

5.02 

1.70 

6.72 


61.3 

li.6 

9.5 

13.1i 

11.2 

lt.l8 

0.31 

0.65 

0.91 

0.77 

1.58 

2.67 

It .96 

1.86 

6.82 

6. 

55.0 

U.6 

12.9 

33.2 

lU.3 

3.80 

0.32 

0.89 

0.91 

0.99 

1.22 

1.93 

It .55 

2.36 

6.91 

7. 

56.8 

5.3 

11.3 

13.7 

12.9 

It .02 

0.38 

0.80 

0.97 

0.91 

1.32 

1.77 

It .52 

2.56 

7.08 

8. 

6U.8 

U.5 

9.2 

9.9 

11.6 

U.53 

0.32 

0.61t 

0.69 

0.81 

1.81t 

2.1a 

lt.9lt 


6.99 

9. 

58.6 

3.6 

9.6 

12.1 

16.1 

It.o6 

0.25 

0.66 

0.81t 

1.31 

l.Jt2 

1.97 

It .59 

2.33 

6.92 

10. 

61.9 

3.0 

7.3 

13.2 

lU.6 

lt.U8 

0.22 

0.53 

0.95 

1.06 

1.63 

2.55 

5.20 

2.0lt 

7.2lt 

ATERIQE 

60.3 

U.O 

9.7 

12.8 

13.2 

lt.23 

0.26 

0.68 

0.89 

0.93 

1.52 

2.31 

It. 89 

2.12 

7.01 

Stondard 

Dcvln'M.oa 

2.8 

0.8 

1.5 

1.2 

1.7 

0.29 

0.06 

0.10 

0.08 

0.13 

0.18 

0.3lt 

0.30 

0.2lt 

0.30 


jaundice and other clinical symptoms were sub- 
siding, but the abnormalities of the serum proteins 
and liver function tests were still present. 

I'f'pcr Rcst>{ra{ory Tract litfcclioiis 

There were no significant deviations from nor- 
mal in the per cent comi)Ositions of the serum 
proteins in the two hos[)italized cases of upper 
respiratory tract infection. 


The albumin depression and gamma-globulin 
elevation were least pronounced in C. G., the case 
of subsiding infectious hepatitis, where the ab- 
normalities were somewhat less marked than in 
most of the infectious mononucleosis cases. These 
deviations from normal w^ere more pronounced in 
E. H., the case of fatal hepatitis, and were most 
striking in M. S., the case of Laennec’s cirrhosis, 
where the gamma-globulin actually exceeded the 
albumin. 


Alhtirmn 

^ Kl(»b. 

I n:-gloh. 

0-Rlt)b. j 

7-Klob. 

A/G ratio 

58.0% 

. 5.2% 

j 10.6% 

n.6% ! 

14.6% 

1.38 

02.0% 

; 4..t% 

! S.7% 

11.5% 

12.6% 

1.70 


t 


TI:-' t';!','!!!'.'.;-' ir, tlu- liircc ca-f-; o: hi.'tolngically 
pr* ivc:; h'. - r di'- .i'" arc slu'-.vn in I'ip'iirc d, to- 
i-.'li-'-r V '•li I'a’.i ir. .;n U' cnril arv; inirctinni mono- 


Ilctcrnpliilc /bilibndy Titres of Separated Frac- 
tious 

.\ftcr electrojjhorc.si.s each infectious mononucle- 
o^i.s .'-erurn was separated into the following four 
fractions : 
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1. Separated albumin 

2. Serum without albumin 

3. Serum without gamma-globulin 

4. Separated gamma-globulin. 

The dialyzed buffer diluted serum (not subjected 
to electrophoresis) served as a control. 

The results of the heterophile antibody titra- 
tions are listed in Table III. The figures express 
“final serum dilutions/’ considering the samples 
of fractions or controls as representing the “un- 
diluted serum” ; actually the controls were 1 : 4 
dilutions and the fractions were still further di- 
luted to an indeterminate extent. 

As shown in Table III, heterophile antibodies 
were demonstrated in the separated gamma-globu- 
lin in every case, and were never present in the 
separated albumin. Heterophile antibodies were 
absent from the serum without gamma-globulin 
in seven of the ten experiments recorded, but pres- 
ent in three. 


The low titres in the separated gamma-globulin 
samples in comparison with the controls were pre- 
sumed due to the unavoidable dilution in the 
process of fractionation. To test the supposition 
that these samples contained minute amounts of 
protein, micro-Kjeldahl determinations were done 
on three samples of separated gamma-globulin 
with the following findings (after subtraction of 
buffer nitrogen) : 

T. S., 12th day — 30.8 mg. nitrogen per 100 cc. 
D. C., 24th day — 22.4 mg. nitrogen per 100 cc. 
M. W., 11th da)' — 18.2 mg. nitrogen per 100 cc. 

Assuming a nitrogen factor of 6.25, these sam- 
ples contained approximately one-tenth to one- 
seventh the gamma-globulin concentration of their 
respective undiluted whole sera. 

Attention was directed toward the occurrence 
of heterophile antibodies in a few of the samples of 
serum without gamma-globulin. It was suspected 
that the separations might not be accurate, but 


table II 

Day oj illness indicated bcloiv initials of each patient. Falues for each senini protein fraction expressed as (irains 
per cent, and per cent of total proteins. Alkaline phosphatase activities in Dodansky units. 


A 


niFECTIOOS HOHOiroCLEOSIS SERI. 


1 


Electrophoretic 

data 

1 

Hcnre 

sodlun sulfate 

1 bill rub 

ceph 

tl^H 

allc. 

*— H * 




exa 


ESI 

EAill 

laai 





tot 

phos. 


T.S. 

12th day 

3.Ui 
1(6 .W 

0.1(9 

6.7% 

0.75^ 

10.2? 

0.91 

12.3? 

1.76 

23.9? 

0.88 

1.32 

U.18 

3.17 

7.35 

m 


U+ 

10.7 



12.8 


IM 

3.26 

15.7% 

O.Ui 

6.3 

0.5l 

7.2% 

17.2? 


0.6U 

l.Ui 

lj.21 

2.93 

7.2h 

i 

B 

3+ 

n.3 

8.2 

L-i 

LJl. 

13th day 

3.2l» 
So. 6% 

0.25 

3.9% 

0.58 

9.0? 

1.16 

18.1? 

1.19 

18.5? 

1.02 

1.66 

U.Ol 

2.Ja 

6.12 

1.8 

2.9 

h+ 

n.8 

21.8 


LJI. 

^ 23rTi day 

3.81i 

56.7% 

o.3li 

5.0% 

0.15 

6.6? 

1.06 

15.7? 

1.09 

16.0? 

1.31 

1.92 

h.hS 

2.32 

6.78 


1.3 

3+ 

9.8 

13.5 


R*S • 

[ 17th day 

3.5l 

50.7% 

0.16 

2.6% 

0.83 

12.0? 

1.02 

ll(.7? 

1.39 

20.0? 

1.03 

1.U2 

h.07 

2.66 

6.93 

B 

B 

I(+ 

13.0 

01 

lijLal 

1 D.C. 

[ 2lith day 

3.90 

5h.l% 

0.52 

7.2S 

0.88 

12.2? 

0.86 

12.0? 

1.02 

ll(.3? 

1.19 

2.03 

h.Gl 

2.37 

7.18 

B 

B 

2 + 

3.9 

3 

1 ^ 

1 DD. 

1 17th day 

3.88 
53 .3^ 

0.3|( 

u.6i 

0.81 

n.i? 

1.15 

15.8? 

R9I 

Ess 

1.13 

2.17 




■ 

B 

h+ 

9.1 


G.B. 

1 1 16th day 

2.91 

12.Z% 

0.52 

7.6% 

0.73 

10.5? 

1.22 

17.7? 

1.52 

22.0? 

0.73 

1.30 



6.5oi 

! 

jg 

0.3 

B1 

13 .b 


V!.ir. 

1 j nth day 


0.51 

7.5% 

0.85 

12.5? 

0.98 

IL.L? 

I.IL 

16.7? 

0.96 

1.62 

b.23 

2.60 


1 

i 

8.2 



ATi;rj.2: 

3.LS 

O.Lo 

5.7? 

0.71 

:o.i? 

1.07 

15.3? 

1.33 

'19.C? 

|l.00 

1.62 


|2.64 

|6.5 = 

■ 

B 

■ 
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this appeared quite unlikely on study of the photo- 
graphs taken after the steps of the separation pro- 
cedure in the manner of Figure 1. 

Although L. M. on the 13th day of illness 


showed heterophile antibodies in the serum with- 
out gamma-globulin, there were none in the 
analogous sample on the 23rd day, as shown in 
Table III. Lacking more serum from the 13th day 


NOaiAL SEHDU 


Patterns of normal serum figures are averages 
of ten noimal sei^. 


per cent 
grams per cent 
Horre sod, sulfate 


Alb 

o<i 

exa 

/3 


A/0 

60.3 

It.O 

9.7 

12.8 

13,2 

1.52 

k.23 

0.28 

0.68 

0.89 

0.93 


U.89 

Glob- 

■2.12 

Tot-7 .01 1 

2.31 




INFECTIOUS MONONUCIZOSIS 


Patterns of T.S., 12th day of lllnessj figures are 
averages of data from the cases studied. 



Alb 



/3 

2 r 

A/Q 

per cent 

h9.9 

5.7 

10.1 

15.3 

19.0 

1.00 

grams per cent 

3.U8 

O.hO 

0.71 

1.07 

1,33 


Howe sod. sulfate 

li.31 

|Qlob-2.66 

Tot-6.98 1 

1.62 



INFECTIOUS HEPATITIS, MILD 


Patterns and figures of C.Q. with subsiding hepatitis, 
verified by serial punch biopsies of the liver. 



Alb 

cx, 

0<a 


LJU 

pV'Q 

per cent 

50.2 

U.6 

12.9 

16.5 

CO 

1.01 

grams per cent 

3.51; 

0.32 

0.91 

1.16 

1.11 


Bcnre sod. sulfate 

U.50 

Glob- 

■2.5U 

O 

b 

1.77 



» ^ tt, A 



FATAL HEPATITIS 


Patterns and figures of E.H. Tfith rapid course of fatal 
hepatitis, confirmed at autopsy. Virus etiology probable. 



Alb 


exa 

/3 


A/0 

per cent 

Ii3.5 

h.U 

6.8 

lli.O 

31.3 

0.77 

grams per cent 

2.08 

0.21 

0.32 

0.67 

l.It9 


Howe lod. sulfate 

2.33 

Glob- 

■2ihh 

Tot-U.77l 

0.96 






LAB.’:.’EC'S CIHHHOSIS 


Pattcpis and figures of U.S. -nith decompensated cirrhosis; 
Jaundice, ascites, and edema; liver punch biopsy done. 


Alb 

CXi 

exj 

2? 

^ 1 

A/Q 

per cent 31.0 

5.0 

8.0 

17.0 

39.0 

0.h5 

grams per cent ^,01 

0.32J 

3.52 

lao 

[2,53J 


F-aw« red, ralfate 2.56 

|ulob-3.92 Tot-6. liB 

0.65 



A or. p T 


1 

Ascending 


* /> a, a, A 



Descending 


i ; ■ 




Fi.;. 


.nTi-! fiy the alith..-!-!-. .a!p!i:i-2-, hct.i-. 

h tt'T preti-xc'. TI;e iir.I.'ih<-Ik'i peak' 

' iar; •' t'.-.; - t-,. itradi-'n:- n! hntTer .-alt. 


and vamma-itlobiilins arc 
are not protein components 
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TABLE HI 

As explained in the text, the titres beloiv cannot be regarded as precise qnantitatk'c expressions 
because of unavoidable (and variable) dilution in the process of fractionation. 

HETEfiOmi£ AUTIBODY TITHES OF SEPARATED FRACTIOilS 



BuiXer diluted 
serum (COHTHDL) 

Separated 

albumiD 

SeniD Tiithont 
albunin 

Serum nithout 
gataaa globulin 

S^arated 
gamma globulin 

T.S. 12th day 

1 

l:2?6 

neg. 

1:256 

neg. 

l:128 

T.S. 22nd day 

1:256 

neg.' 

l:6U 

neg. 

i:l6 

LJJ. 13th day 

l:5l2 

neg. 

— 

1:16 

1:32 

LJI. 12th day 

l:5l2 

neg. 

1:128 

1:8 

1:32 

liji. 23rd day 

1:256 

neg. 

1:128 

1 

neg. 

l:l6 

R.S. 17th day 

1:256 

neg. 

1:128 

neg. 

1:16 

D.C. 2ltth day 

1:6b 

neg. 

l:l6 

neg. 

l:B 

DJ). 17th day 

l:5l2 

neg. 

1:256 

neg. 

l:8 

03. Idth day 

1:128 

neg. 

l:6b 

' neg. 

1:16 

U.V. 11th day 

1:128 

neg. 

1:32 

1:8 

l:8 


to repeal tlie original experiment, serum from the 
12th day was used instead, with similar findings. 
TJiis duiilication of results also argues against 
technical error in the sejiaration. 

As a further check, micro-cell electrophoretic 
runs (see Figure 2) were performed on the three 
sam])lcs in question, llecausc part of each sample 
(already dilute) had been used for hctero])hile 
antibody titration, it was necessary to add buffer 
to oI)tain tlie 2 cc. required for a micro-cell run. 
Couse(|uently. the peaks were quite low and the 
patterns could be interjireted as no more than sug- 
gestive evidence of the absence of gamma-globulin. 

.■Ihsorplion of If ctcrophilc Antibodies 

Hy alisorpiion with sbeeji red cells the betero- 
idiile antibody titre of the serum of (i. IJ. fl'klt 
<Iay (if illne,'-') wa"- reduced from I ; to 1 : .>J. 


■ .. t ■ 

HfJuri' .ilwor j>:;nn t :iif r 1 : ^ 4 ? 4''* > 

Afit r I 1 ’ 4»’'' 77*' 


The electrophoretic patterns before and after atiti- 
body absorjnion were practically identical. 

niscussio.v 

The scrum jiroiein comijositiotis of the infec- 
tious mononucleosis jjtitients .showed definite dimi- 
nutions of the allntmin fractions .'ind tde\';itions of 
the gamma-globulin fractions as compared with 
normal sera. I.ess jirotiounced and le-s fre(n;>'utlv 
observed deviations from normal v.cre the e!e\:i- 
tions (It the aIpba-1 -glolnilin ain! Ii'ln-udobtilin 
fracliotis. 

I be cases studied were b’miteii to bo- jiitali.-. d 
jiatients in w hom tlie di.acnod- could be trade v. itii 
certainty; it c.anno; be .a'-erted t! 
serie- v.dtiM Uece-'.arib. b.ave 
IK utneeti chance - . 

Xuna-rou^ im. e-ti'.ator- !e. 


! tin 
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similar if more conspicuous abnormalities in hepa- 
titis and cirrhosis (16, 18, 28-33). As suggested 
by Figure 3 these changes in infectious mononu- 
cleosis may bear some relationship to the type if 
not the degree of hepatic dysfunction. 

The cephalin-cholesterol- flocculation and thy- 
mol turbidity tests may merely reflect directl)' 
the abnormalities of the serum proteins (16-22). 
The concomitance, however, of occasional hyper- 
bilirubinemia, frequent elevation of alkaline phos- 
phatase activity (2, 5, 6), and histopathologic 
evidence of liver involvement (1, 8-14) makes 
plausible the association of disturbed hepatic func- 
tion and the alterations of the serum proteins. 
.Such a conception is not in any sense incompatible 
with the probable extra-hepatic origin of serum 
globulins. 

That the widespread pathologic involvement of 
the lymph nodes and the foci of mononuclear cell 
infiltration in various organs may be directly re- 
.sponsible for changes in tlac serum proteins is an 
attractive hypothesis. This idea has been advo- 
cated on the basis of electrophoretic findings in in- 
fectious mononucleosis and the blood dyscrasias, 
the latter group exhibiting rather varied alterations 
(15). 

The possibility that the changes in the serum 
proteins in infectious mononucleosis may be re- 
lated to the infectious process per sc deserves con- 
sideration in the light of somewhat similar abnor- 
malities described in infectious diseases such as 
syphilis, tuberculosis, typhus, malaria, lympho- 
granuloma venereum, leprosy, kala-azar, and 
others (34). It must, however, be noted that 
most of the above conditions are characterized by 
chnniic proliferative granulomata or by wide- 
spread cellular destruction, hence tire not too 
closely analogous to infectious mononucleosis. 
On the other hand, in lobar jmeumonia there arc 
couspii-uous elevations of the al[)ha-2-globulins 
u snail V v. ithout significant changes in the gamina- 
globnlins (.'4. 

In an etTiwl to compare the findings in infec- 
tion^ mononucleosis with those iji infections of 
;ippro\f[!!,ite!y simil.ir severity but without known 
b-p.'iti - di-order, the -era of two hospitalized cases 
o’' unper re-piratory tract infection were analyzed 
tion.lly \\ ith the finding of normal 
; ’.t'rn' It w.c;’,; a.rv'-'ar that the extent to 
V 1/' ;■ d' - .-rin:: priCein. cl',:.!:gi."s .--.re .artrihntalde to 


the non-specific effects of the infectious process 
is debatable. 

That the gamma-globulin increase could be due 
to the heterophile antibodies is excluded by the ex- 
periment showing no change in electrophoretic 
pattern after antibody absorption. In other hu- 
man diseases absorption of clinically important 
specific antibodies has produced no change in 
electrophoretic pattern, the antibodies being pres- 
ent in too small quantities to cause visible altera- 
tions in schlieren patterns even though easily de- 
tectable b)^ serological methods (34, 36). Im- 
muno-chemical studies corroborate the minute con- 
centrations of antibodies in human serum (37). 

The data on the distribution of heterophile anti- 
bodies in relation to the serum protein fractions 
are interpreted as indicating that they are pre- 
dominant!)' in the gamma-globulin fraction, not 
always being exclusively confined to this fraction. 

The occurrence of various antibodies in the 
gamma-globulin fractions of animals l\as been dem- 
onstrated repeatedly (37, 38) since the original 
work of Tiselius and Kabat (39) showing pneu- 
mococcal antibodies in the gamma-globulins of 
rabbit and monkey sera. It must, however, be 
recalled that Tiselius and Kabat found in the 
horse that pneumococcal antibodies migrated be- 
tween the beta- and gamma-globulins forming a 
separate peak. Since then equine antibodies to 
diphtheria toxin, tetanus toxin, and others have 
been found outside the gamma-globulin fraction 
(37, 38). Virus-neutralizing antibodies to Vene- 
zuelan and Western equine encephalomyelitis have 
been demonstrated in both the beta- and gamma- 
globulins of rabbit sera (40). 

The extensive work of Enders (41) on the 
products of human plasma fractionation revealed 
that Fraction II, composed of almost pure gamma- 
globulin, contained in high concentration anti- 
bodies reacting with diphtheria toxin, streptococcal 
crythrogenic toxin, influenza A virus, mumps 
virus, and the H-antigen of E. typhosa. On the 
other hand, isoagglutinins and antibody reacting 
witli the O-antigen of E. typhosa were recovered 
from Fraction III-I, containing mostly beta-glob- 
ulin and less gamma-globulin. Furthermore, 
smaller amounts of the antibodies concentrated 
in Fraction II were found in other fractions free 
or gamma-globulin. .Subsequently, division of hu- 
man gamma-gloijulin into suit-fractions with differ-* 
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ing antibody contents has been reported (42). 

Electrophoretic separation of sera from allergic 
patients has suggested that ragiveed and rabbit 
antibodies (or reagins) are confined to the gamma- 
globulin fraction (43). 

In a study employing electrophoretic, ultra- 
centrifugal, and immuno-chemical methods the 
Wassermann antibody (or reagin) has been 
clearly shown to have a mobility intermediate be- 
tween beta- and gamma-globulins and overlapping 
both (44). 

It is hoped that the present findings on hetero- 
phile antibodies in infectious mononucleosis will 
be supplemented by further physico-chemical 
studies. 

SUMMARY 

1. Electrophoretic analyses of the serum pro- 
teins of seven cases of infectious mononucleosis 
revealed deviations from the normal composition 
in both jaundiced and non-jaundiced patients. 

2. The principal abnormalities observed were 
diminutions of the albumin fractions and elevations 
of the gamma-globulin fractions. 

3. Less pronounced and less frequently ob- 
served alterations were elevations of the alpha-1- 
globulin and beta-globulin fractions. 

4. Liver function tests showed abnormalities in 
six of the seven cases. 

5. The alterations of the serum proteins were 
considered as possibly related to hepatic d 5 ’sfunc- 
tion, among other hypotheses entertained. 

6. Separation experiments indicated the hetero- 
phile antibodies were contained predominantly in 
the gamma-globulin fractions of the sera, not al- 
ways being exclusively confined to this fraction. 
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When a normal human being is placed on a very 
low sodium intake, the urinary sodium decreases 
to very small amounts. Contrariwise, with large 
sodium intakes, the urinary sodium increases pro- 
portionately. In both cases, the normal body 
content of sodium is quickly reestablished. How 
is this conservation of body sodium effected? 

The depletion of body sodium that occurs in 
adrenalectomized animals and in patients suffer- 
ing from Addison’s disease, and the retention of 
sodium with reestablishment of balance that ac- 
companies the administration of adrenal cortical 
extracts, leaves no doubt about the fundamental 
position of a cortical hormone in the regulation of 
body sodium in the abnormal states just men- 
tioned (1-5). 

Since there is a paucity of information regarding 
the regulation of body sodium content in normal 
subjects who receive large variations in intake of 
sodium, our studies were designed to learn the 
role of adrenal cortical activity in this regulation 
in normal human beings. 

Even though it is not possible to determine di- 
rectly the concentration of the specific hormone in 
the blood, nevertheless a number of methods that 
serve as indirect indices of adrenal cortical activity 
arc available. It was surmised that by creating a 
need to conserve body sodium in the presence of 
large shifts in intake, evidence of other adrenal cor- 
tical effects, especially on protein metabolism, 
might be elicited. If such evidence of adrenal 
cortical activity can be obtained by the require- 
ment to conseri'e sodium, such data would greatly 
strengthen the hypothc.sis that in the nornul sub- 
ject this conscr\-ation of body sodium is in fact 
medi.'itcd through an incrc-ased or decreased 
adrenal cortic.al .activity (6). 

' T!ii< s’.’.] ;y i:;).!'-,! ! y a rr.Tr.: frrr.i t;.;: L'r.i’.el 
Su’.rs I’uV.ic Hr.'.’’.!; l-tni'c. 


EXPERIMENTAL 

Three normal young adults were subjects for this 
study: one male resident physician (W. C), age 32; 
one male medical student (E. W.), age 22; and one 
female graduate student (M. L.), age 22. The plan of 
study was to place the subject on an adequate caloric 
and protein dietary intake with a very low sodium con- 
tent (appro.ximately 200 mgs. or 9 niEq. daily) through- 
out the study, and at definite periods to administer orally 
large amounts of sodium as sodium chloride or sodium 
citrate. 

This was accomplished by using a constant daily diet. 
The water intake was uncontrolled as its sodium content 
was found to be insignificant by analysis. The subjects 
went about tlicir usual daily activities avoiding severe 
exertion and sweating. Urine and stool collections were 
made daily and the nude body weight was recorded each 
morning before breakfast and after emptying the bladder. 
A special human balance having a sensitivity of 5 gms. 
was used. Elach 24 hour urine was collected with toluene 
as a preservative and was analyzed separately on the day 
following the collection. Stools were promptly treated 
with alcohol and made acid with glacial acetic acid or 
sulfuric acid, dried in an oven at 50“ to 60° C., weighed, 
blended in a Waring blender and combined into two or 
three day periods with suitable aliquots taken for analy- 
ses. Subjects were fed from the same lot of foofl 
throughout Uic period of study and a sample d.iy's diet 
was dried, blended and analyzed. 

When a constant body weight was achieved and 
urine sodium and chloride excretion.^ b.ad re.teb.cd a 
minimum on this low lO'lium inUke, 1 1.0 gm«. or 478 
mEq. of sodium were administered orally ns the cidorile 
(28.0 gms. of fCKlium chloride) or cit.-.-de rrr.r. 

of sodium citrate) d.iily for three d.iys. Fatting 
samples were ohlaincil v.ith .a minimu::'. td "t.-’.di tl - 
beginning and end cf tr.e ituSy, an', l.'i- re ar. i 
each period of svlium admin:; '.ration f' r ;■ 

si'um and carbon dir.xi le erntent '..ere d:;.'..n hr - I 
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aliquots and removal of potassium as well as phosphate 
was utilized (9). Potassium was determined in serum, 
urine, diet and stool by a modification of the platinic 
chloride micro colorimetric method of Shohl and Bennett 
(10). Chloride analyses of serum were done using the 
method of Van Slyke and Sendroy (11). Urine, stool, 
and diet chloride determinations were done by a modifica- 
tion of the Volhard-Harvey titration (12). Urinary am- 
monia was determined by the aeration method of Van 
Slyke and Cullen (13). Total urine, diet and stool nitro- 
gen were determined by the Kjeldahl method for macro 
analysis (14). Urine creatinine was measured by the 
alkaline picrate method of Folin (15) and in subject 
E. W., also by the modification of Bonsnes and Taussky 
(16), Agreement between the very simple method of 
Folin and the more refined latter method was surprisingly 
good. The modification of Bonsnes and Taussky was also 
adopted for scrum creatinine determinations. Blood urea 
nitrogen was estimated by the method of Gentzkow (17) 
while for urine urea the method of Barker (18) was 
utilized. Urine uric acid determination was done by the 
total color method of Buchanan, Block, and Christman 
(19). Carbon dioxide content of the serum was deter- 
mined by the method of Van Slyke and Neill (20), 
Scrum protein analyses were done by the micro Kjeldahl 
method and the steam distillation of Goebel (21). Urine, 
stool and diet were analyzed for phosphate by the colori- 
metric method of Fiskc and Subbarow (22). 

The aliquots of diet and stools were dry ashed in such 
a manner that analyses could be made for sodium, chlo- 
ride, potassium, and phosphorus on a single preparation. 
This was accomplished by mixing the aliquot with an 
c-xccss of calcium hydroxide until definitely alkaline, 
drying and then ashing in the mufile furnace at 400° C. 
for 48-72 hours. The residue was washed with water 
and filtered. The filtrate containing the sodium, chloride, 
and potassium was made up to volume in a volumetric 
flask from which aliquots were taken for analysis. The 
washed residue was later dissolved with dilute nitric acid 
to yield phosphate. Values for chloride of diet and stool 
obtained by this method were the same as values obtained 
by wet ashing the sample. 

Inulin clearances were done by the Harrison modifica- 
tion of the method of Alving, Rubin, and Hiller (23) 
following a single intravenous injection of 10-20 gms. 
of inidin. 

Tlie values for dietary intake of calorics, carbohydrate, 
fat an ! protein were obtained from Bowes and Church 
(2!) an! U. S. Department of .Agriculture Circular 
Nnnj’ cr 54'b Tl:e cnlcolated values for sodium, chloride, 
i'dnn! an! i b.-'g b.orv;s content of foods were obtained 



t: 

c. 







an.l Vi’i ! Ijwson (23), In addition, analy- 
cn c rr.pl'.te diets (wit!’, the exception of 
r t. ".,-.! nitregen, t<-‘.al pliospl'.orus sodium, 
; i-tasM'.;"::. Ibe agrce.ment between actual 
ca’r-dzted ’.alues was surprisingly good, 
;t 3!. I„'s dirt the calculated and analyzed 
-a, trr-.-rive:} : ni:r.-,-cn-I2 J and 11.2 


gms.; sodium — 8.7 and 8.3 mEq. ; chloride^ — ^21.0 and 
22.8 mEq. ; and potassium — 89.7 and 94.0 mEq, Simi- 
larly in subject E. W.’s diet the calculated and analyzed 
composition was respectively: nitrogen — 14.3 and 15.0 
gms.; sodium — 9.1 and 9.4 mEq.; chloride — 24.4 and 24.9 
mEq.; and potassium — 100 and 100 mEq. The dietary 
intake figures recorded for subjects M. L. and E. W. 
in Tables II and III are values obtained by our analyses 
for sodium, chloride, nitrogen, potassium and phosphorus 
as no diet changes were made and all the food was eaten. 
In subject W. C. who frequently rejected portions of his 
diet, such portions were weighed and their composition as 
obtained from the above-mentioned food composition 
tables was subtracted from the total calculated content 
of the diet, and each day’s intake is recorded in Table I. 

RESULTS 

The complete data of these studies are shown 
in Tables I, II and III. 

The electrolyte and weight changes are the sub- 
ject of a separate report (6). However, it is 
important to the present discussion to point out 
that with the curtailment of sodium intake to 
about 9 mEq. daily there occurred a sharp initial 
weight loss of about 2 kilograms in each subject. 
This weight loss was associated with a negative 
sodium and chloride balance (Figure 1 illustrates 
these changes in subject E. W.). After approxi- 
mately one week of this low sodium regimen the 
urinary loss of sodium and chloride was reduced to 
extremely minute amounts ( 1 to 2 mEq. of sodium 
in the 24 hour urine specimen) and the weight be- 
came stabilized. Under the stimulus of such severe 
sodium restriction the kidneys conserve sodium 
maximally. 

On administration of the large amounts of so- 
dium (480 mEq. daily for three days) as the so- 
dium chloride or sodium citrate salts there was 
with each a significant weight gain. None of the 
subjects showed clinical edema, however. The 
urinary excretion of sodium lagged in every case 
so that only by the last day of the sodium adminis- 
tration had the output attained the daily intake 
level. 

With these changes in weight and in urinary ex- 
cretion of sodium and chloride, accompanying 

- Interestingly the diet analyses, not including “Lona- 
lac, yielded nearly equivalent values for sodium and 
chloride. The addition of “Lonalac” (Head Johnson and 
Co,, Evansville, Indiana), which contains supplementary 
potassium chloride, resulted in the actual higher values 
of chloride. 
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Remarks 

Inulin clearance 121 cc./min. 

Sodium chloride 479 mEq. 

Sodium chloride 479 mEq. 

Sodium chloride 479 mEq. 

Inulin clearance 123 cc./min. 

Onset of catamenia 

Sodium citrate 478 mEq. of sodium 
Sodium citrate 478 mEq. of sodium 
Sodium citrate 478 mEq. of sodium 

Inulin clearance 112 cc./min. 

Stool 


kj 1/5 10100»£>'0»0*0 

10.4 

10.4 

10.4 

qqqr'-t'.r'.C^CN 
d C\ Cs O' d Cn rf r}* 

Tj- q 

qq 

dd 

u 

c?» 

bj ^ ^ r-j oo 00 

g ^^^odood 

^ 

rJc^cj 

fx* r- P-. to to 
qqqqqqqq 
t-i.-<*-*f«qcvir4dd 

o- 1-* t>. 

ddd 


rt 

C?I to to 

bj VO o *o b-; 1-^ O'* ri 

5 oddddddd 

'O'O'O 

ddd 

fOfOfOf*»h-l^tOlO 

fOfoq'Oq'OCMcvj 

d d d d d d d d 

qqq 

ddd 

to to 

do 

s; 

O O O "I* ^ to 

s O' cv Cn to **9 fO 00 00 

^ odd*^*^*^do 

CtOsOv 

focofo 

qqqqqqOO 

1.90 

1.904 

1.904 

1.23 

1.23 

Urine 

M 

vO O'! O ^ CO 

tj ^esddddd-^ 

^ to rf* fO -r ^ to ^ Tt* 

87.6 
76 

41.6 

^ q q ^ fN ^ 

ddd«^foddd 

fOOVDlOtOOiOO 

159.6 

85.2 

78.8 

9.2 

20.4 

u 

to O' -^sqt-.»^.ocv 
Cii 00 -1^ -f fo to d 

^ tOfO*^fO 

1S2.6 

411.2 

614.4 

Tj^qq^q'*^ qq 
oo pg d CNj CO CO d d 
WO-tfO 

qqq 
d d d 

3.0 

rt 

2; 

[*j 

^ C^<N to 

152.2 

371.2 
582.9 

q q q q q "t q q 
-• d 'd d d to -t 

OtOfOfO 

04 

305.0 

457.5 

454.5 

61.1 

66.3 

Total 

N 

. •*< CV 00 ^ CV -• CO 

O O' to to C'J to 

9.81 

9.76 

8.75 

OOP^OCOlOOt^. 

-^q-^qqqqq 
O'* CO ^ w o o o 

9.82 

9.31 

8.12 

8.99 

10.23 


kj fvi r-^ to O' CO « ro 

C fO fO fo ^o fo 

28.4 

42.0 

41.6 

q q q q q q q -j* 
to* d d d d •— d d 
fOcs — csr4f0fOrO 

qioq 
CO* d d 

17.6 

27.9 

Croat. 

N 

. ^COcO-^O-f o 

ro •* fO -r ^ ^ 

H *0 >0 O O vO 'O <? o 

oodddddd 

0.616 

0.651 

0.624 

o-*^ococo-e‘«rfr^ 

qqqqqqqo 

dddddddd 

0.628 

0.633 

0.652 

0.644 

0.635 

Vol. 

OOioOOOOO 
• •— fo O f — O O' 

vl cc r>. to to *f oc CO 

820 

2100 

2530 

C‘OOtoOOOO 
'O'OC'fNP-ioor'j 
O'-CO— •CO'CC'OO 

CS •- -H 

1710 

2650 

2030 

oo 

O' t". 

•r 00 

r. 

\ K 

j 1 

1 -J, 

t 

j 1 

Ilcmat, 

% cell! 

q 

d 

ro 

35.0 

37.0 

37.4 

38.3 

c 

0" 00 *0 

lo sD 

H r4 

7.16 

oc 

d 

7.87 

7.71 

7.42 

Lj 

»o‘ fO 


q 

d 

q 

11.4 

12.8 

C 

'xj 

«««J 

r 

c 

d 

r-t 

20.7 

26.1 

1 K 

I 


ic 

q 

5.0 

c ; 1 1 i 

lOl.l 

C 

2 

101.3 

I0I.2 


» J Of*. <C 

\ zZ. - 

j _ 


l.iS.4 

ft O' 

o’ d 

TO TO 

^ — C r* C* r' v V r; a' y" y 1 y — 

<“• c q — -- q q q 
^ p q q' d q az d 

•o — C 
r- c — 
qqq 

sr d d 
'C c o 

to o o 

o tr^Tx'i 

q oi 

d d d 
“C c c 

- • ; •- -* -r -r c r> a; c* ^ I T C ^ r» ar C* O — — 

to C Px. 
r» <“« -» 

or o c 
r# Pi fT» 


Dietary intake was constant daily and consisted of: calories 2416, nitrogen 11.24 gms., sodium 8.8 mEq., chloride 22.8 mEq. and potassium 94.0 mEq. 
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Fig. 1. To Snow Changes in Body Weight, Serum Sodium and Chloride Concentrations, 

AND Sodium Balance in Subject E. W. 


changes were noted in extracellular fluid composi- 
tion. The sodium restriction uniformly caused a 
small but significant lowering of serum sodium 
concentration and elevations occurred on adminis- 
tration of sodium. Scrum chloride values followed 
a similar trend though less uniformlj'. Adminis- 
tration of the sodium citrate caused a rise in serum 
sodium in each case, a decrease in scrum chloride 
in two ca.scs and a rise in scrum COj content. A 
parallel rise in scrum sodium and chloride followed 
.‘;o'.lium chloride administration. With the sodium 
citrate administration urinary sodium excretion 
rose sharply to high levels but urinary chloride loss 
was, it anything, further decreased. This is ad- 
ditional evidence th.at the kidneys can deal sepa- 
rately with these two most important ions of the 
c X l ra c 0 11 u 1 a r ft u i d . 

There is slight variability in stool sodium and 
chl'.’ridc excretion. But considering the drastic 
clr.nges in oral so.'iiutu and chloriilc intake from 
10 to 5A3 inliq. daily the stool losses re- 


Fecal potassium excretion also showed no note- 
worthy variation. 

Subject W. C. had one loose stool associated 
with abdominal cramps on the last day of sodium 
chloride administration. This one stool was col- 
lected and analyzed separately. Its sodium and 
chloride content was much higher than the re- 
maining stools of that period. 

Of greatest importance to this discussion are 
the observed changes in protein metabolism that 
occurred with variation of sodium intake. Figure 
2 shows graphically the changes in nitrogen bal- 
ance, urine urea excretion, blood urea nitrogen 
concentration, urine total uric acid excretion, 
urine potassium and phosphorus excretions in 
subject E. W. Exactly similar changes were ob- 
served in our other two subjects but because data 
arc more complete in our last study on E. W. 
his results have been graphed. Sodium re- 
striction is shown to produce slightly negative 
nitrogen balance during the first low sodium pe- 
riod. Following both periods of sodium adminis- 
tration the urine plus fecal nitrogen is considerably 
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less than the intake of nitrogen so that nitrogen is 
stored in the body. The fecal nitrogen reveals that 
this decreased urinary nitrogen excretion was not 
the result of impaired nitrogen absorption from 
the alimentary tract. 

Creatinine and ammonia excretion remained es- 
sentially constant so that the changes in urinary 
nitrogen excretion could be expected to be the 
result of changes in “metabolic” nitrogen. The 
urine urea excretion is seen to confirm this ex- 
pectation since all changes in total urinary nitro- 
gen are due almost entirely to changes in urine 
urea nitrogen (the difference between total urine 
nitrogen and urine urea nitrogen remaining very 
constant throughout the study). 

That the changes in total and urea nitrogen 
excretion are not simply the result of storage of 
urea in the body fluids is indicated by the dramatic 
changes seen in the blood urea nitrogen. At the 
time when the urinary excretion of urea is at its 
lowest the blood urea concentrations are likewise 
lowest. Correcting the blood urea concentration 
for the dilution that might occur as the result of 
the increased body fluid volume produced by the 
sodium administration causes only insignificant 
changes. The serum creatinine was measured in 
the subject E. W. and though it shows minor 
fluctuations it in no way parallels changes in 
blood urea level. It has been amply proven that 
the serum creatinine concentration is independent 
of the level of protein catabolism (26). As there 
has occurred no impairment of gastrointestinal 
absorption of nitrogen these changes can be in- 
terpreted only as the result of a decreased rate 
of urea production or a decreased catabolism of 
protein associated with administration of sodium 
to individuals previously maintained on low so- 
dium diets. These effects on protein metabolism 
occur following both sodium citrate and sodium 
chloride administration and therefore are the re- 
sult of the sodium rather than of the accompany- 
insT anion. 

Urine uric acid excretion, urine potassium and 
phosphonis excretion mimic the changes in nitro- 
gen metabolism exactly except for the very high 
rate of potassium excretion on the first day of so- 
dium citrate administration. This change is be- 
lieved to be due to effects other than those on pro- 
tein metabolism (6). Scrum potassium concen- 
trations failed to show any evidence of increasing 


with the periods of low urine potassium excretion 
though unfortunately no serum potassiums were 
taken on the third or fourth days after the high 
sodium periods when this effect might have been 
present. 

A point to be stressed is that there occurred a 
definite lag in the renal excretion of sodium during 
each high sodium period. Not until the third and 
last day of each high sodium period did the urinary 
excretion reach the level of the intake. Our inter- 
pretation of this lag is discussed below but here it 
should be noted that all the effects associated with 
the depressed protein catabolism were most pro- 
nounced immediately following rather than during 
the periods of high sodium administration, thus 
paralleling in this respect the lag in sodium ex- 
cretion. 

Urines were tested daily for reducing substance 
by the qualitative Benedict’s test on subjects M. 
L. and E. W. but no evidence of glycosuria was 
noted. Glucose tolerance tests were done on sub- 
jects M. L. and E. W. M. L. showed no evidence 
of impaired glucose tolerance on the 11th day of 
the low sodium intake. (Standard glucose toler- 
ance test after 1.75 gms. of glucose per kilogram 
of body weight revealed : fasting blood sugar — 75 
mgs.%; one hour — 71 mgs.%; two hours — 82 
mgs.%; three hours — 51 mgs.%; four hours — 
56 mgs.%.) E. W. on the 12th day of the final 
low sodium intake period showed: fasting blood 
sugar — 89 mgs.%; after one hour — 160 mgs.% 
second hour — 100 mgs.% ; third hour — 56 mgs.%. 
A repeat glucose tolerance test on E. W. two 
months after completion of this study and while 
on a normal dietary sodium intake revealed : fast- 
ing blood sugar — 81 mgs.% ; after one hour — 153 
mgs.%; after two hours — 100 mgs.%; and after 
three hours — 64 mgs.%. 

DISCUSSION 

Changes in nitrogen metabolism similar to those 
reported here have been noted by others. In 
studying experimental sodium deficiency pro- 
duced by a low sodium intake and sweating in 
normal subjects McCance (27) found that his sub- 
jects developed negative nitrogen balances with 
rise in blood urea concentration. This observation 
was striking enough to be emphasized by the au- 
thor. In a subsequent publication, McCance and 
Widdowson (28) conclude that the main cause 
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of this elevation of blood urea concentration with 
sodium depletion is the associated reduction in 
glomerular filtration rate. In another study Me- 
Cance (29) observed that the administration of 
large doses of sodium chloride and sodium bi- 
carbonate depressed the serum urea concentration 
significantly in previously dehydrated subjects. 
The electrolyte balance study of Albright and 
Bauer (30) on an edematous nephritic likewise 
shows an effect of administered sodium chloride 
and sodium bicarbonate on the nitrogen balance. 
Both sodium salts produced positive nitrogen bal- 
ance. Landis etal. (31) reported striking changes 
in blood urea nitrogen levels in three subjects 
with varying degrees of renal insufficiency when 
the daily amount of sodium chloride intake -was 
altered. Sodium chloride restriction caused in- 
creased blood urea nitrogen concentrations while 
administration of this salt lowered the concentra- 
tion. These workers did 24 hour urea and creati- 
nine clearances finding some increase in these 
clearances during the periods of sodium chloride 
administration. The decrease in blood urea ni- 
trogen with administration of sodium chloride was 
associated with the increased renal clearances. 
It is to be expected that administration of so- 
dium chloride will increase glomerular filtration 
rate and hence urea clearance. Contrariwise, re- 
striction of sodium intake in non-edematous pa- 
tients with renal insufficiency is likely to produce 
severe dehydration through excessive renal loss 
of sodium with shrinkage of e.xtracellular fluid 
volume. Hence, the increase in glomerular filtra- 
tion rate with sodium administration is especially 
to be anticipated in patients with renal insufficiency 
(as were those of Landis ct al.) who may be de- 
hydrated prior to administration of the sodium. 

The gain in weight observed in our subjects 
when sodium chloride was administered was al- 
most entircl}' the result of an increase in c.\tra- 
ccllular fluid volume (as calculated from the gain 
in “chloride space" from tlic obsen-ed chloride 
balance). In such acute experiments a.s ours, 
chaiigcs in the hematocrit reflect changes in in- 
travascular volume. Table IV* dearly shows tint 
sodium chloride administration results in a dc- 
crc.asc in cell hematocrit with hcmcKlilution. This 
incre.ascd itUmvasctilar volume m.ay I>e exi-vcctcd, 
other factors remaining const.ant, to incrcrise renal 
plasnta flow with resulting incre.'sed glomerul-ar 


TABLE IV 


E. IF. 

Hemodilution with increased rate of glomerular filtration 
following sodium chloride but not sodium citrate 


Das- 

Hematocrit 

1 

Total serum 
protein 

i 

24 hour 
crealinine 
clearance 

! 24 hour (irc.i 
i clearance 


% cells 

sms- % 

liters 

liters 

1 


7.70 

165 

83 

5 

52 


157 

84 

s i 

52 1 

7.42 1 

165 1 

79 

9 

i 

1 

7.27 

1 

160 

86 


Period of sodium chloride administration 


12 1 

43 

6.38 

192 1 

128 

15 , 

48 

7.19 

133 

90 

17 ! 

SO 


153 

92 

19 1 

46 

6.91 

161 

81 


Period of sodium citrate administration 


22 

44 

6.50 

161 

76 

25 

48 

7.3S 

160 

85 

29 

47 

7.19 

155 

85 

32 

48 

7.10 

149 

82 


filtration rate. Another aspect of the hemodilu- 
tion is the decrease in total serum protein concen- 
tration also shown in Table R''. This decrease 
would cause a decreased colloid osmotic pressure 
of the serum which also, other factors remaining 
constant, would favor an increased rate of glo- 
merular filtration. The creatinine clearance fig- 
ures in Table IV taken as a measure of glomerular 
filtration rate (32, 33) in E. \V. show this ex- 
pected increase when sodium chloride is adminis- 
tered. An even proportionately greater incre.'isc 
in the 24 hour urea clearance is seen. This indi- 
cates a reduced rate of tubular rcabsorption of 
urea in addition to the increase in glomcnil.'ir fil- 
tration rate. Tliis is to be expected wit!) the 
greater rate of urine formation that followed the 
sodium chloride administration. Imdin clearance 
measurements of glomerular filtration rate in sub- 
ject W. C. on the low sodium int.ake .and in'.:r.''di' 
ately following tb.c l»igh sodium dilori'le period 
reveal e.xactly similar c]tangc< in gkeu'-rnlar fil- 
tration rate {11/ rc./min. .after 12 d.ays o: law 
sodium int.ake and cc./min. ti;e il\\ after t;-.- 
sojium chloride a'fmini'-tr.atfon^ th- fa:;;a 

evidence of i.acre.a ed f.l.-.'n'.a v.-lurne at; I 
dilution. rer;-,r.!«; subject M, L, L'.v.w.rr 
no significant cr.r.ngc in ir.u.’in c!c:.r;.r.:a {121 e-, ■ 
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cc./min. and 112 cc./min. on the days following 
the sodium chloride and sodium citrate period re- 
spectively). She also showed much less evidence 
of hemodilution than did the other two subjects. 
Sodium citrate produced no noteworthy changes 
in renal clearances in any subject. 

Thus sodium chloride administration may to 
some degree lower the blood urea concentration 
by producing increased renal clearances in some 
cases. In our normal subjects the effect of al- 
tered renal dynamics on the blood urea concen- 
tration was, however, of lesser importance. In 
spite of the increased urea clearance in subjects 
E. W. and W. C. following sodium chloride, the 
24 hour urea excretion was markedly reduced. 
The only way an increased clearance alone can 
decrease blood concentrations of a substance is 
by an increased rate of removal of that substance 
from the body fluids. But our data in all cases 
reveal a sharp decrease in the rate of urea and 
nitrogen excretion just at the time of lowest blood 
concentrations. Sodium citrate, which failed to in- 
crease the glomerular filtration rate, also pro- 
duced a depression in blood urea concentration. 
In subject M. L. no noticeable increase in glo- 
merular filtration rate was apparent on the day 
following administration of sodium chloride. 
However, the blood urea nitrogen depression 
still occurred. 

In the presence of normal alimentary absorption 
of nitrogen and decreased renal excretion of it, 
the drop in blood concentrations of urea in our sub- 
jects must have been the result of a decreased rate 
of catabolism of protein. This accounted for the 
positive nitrogen balance resulting from adminis- 
tration of sodium. Figure 2 clearly shows that 
such an interpretation is justified. 

The purpose of this study was to learn whether 
the physiological regulation of body sodium con- 
tent is controlled by adrenal cortical activity in 
normal persons who ingest variable amounts of 
sodium. It has been amply demonstrated that the 
adrenal cortex produces hormones which are ca- 
pable of decreasing renal sodium excretion (1, 5, 
34) and increasing catabolism of protein (35, 36). 
The former has a desoxycorticosterone-like action 
and has been termed the “salt-and-water” hor- 
mone (or hormones) while the latter is protein 
catabolic or anti-anabolic and will be called the 
“protein catabolic” hormone in this discussion. 


This does not prove, however, that in the normal 
subject the desoxycorticosterone-like hormone ac- 
tually controls sodium balance. But if these two 
apparently unrelated effects of adrenal cortical ac- 
tivity {i.e., on sodium and on protein) are elicited 
by the single stimulus to conserve body sodium, 
this will afford good evidence that the adrenal 
cortex is importantly involved in regulation of 
normal body sodium. 

With these two actions of the adrenal cortex in 
mind, the changes noted in Figure 2 lend them- 
selves readily to explanation on the basis of altera- 
tions of adrenal cortical activity as follows. In the 
first eight days of sodium restriction renal ex- 
cretion of sodium decreased to a minimum under 
the stimulus of increased adrenal salt-and-water 
hormone activity. At the same time the rate of 
protein catabolism resulting from increased protein 
catabolic hormone activity caused a negative nitro- 
gen balance with the levels of excretion of urea, uric 
acid and potassium as charted. Administration 
of large amounts of sodium chloride on the ninth, 
tenth and 11th days removed the requirement for 
renal conservation of sodium. The adrenal re- 
sponded by decreasing the activity of its salt-and- 
water hormone output allowing the kidneys to in- 
crease their rate of sodium excretion enormously. 
At the same time the protein catabolic hormone 
was likewise depressed with decreased protein 
catabolism, a positive nitrogen balance, decreased 
uric acid, urea, potassium and phosphorus excre- 
tions. Further sodium restriction from the 12th 
to 19th day resulted again in a decreased urine 
sodium excretion (increased adrenal activity). 
The following three day period of sodium citrate 
administration reproduces the same effects of de- 
creased adrenal cortical function that occurred with 
sodium chloride administration, followed finally 
by increased adrenal cortical activity when sodium 
intake was again restricted during the final 14 days 
of the study. 

Figure 3 was constructed from the observed po- 
tassium and phosphorus balances of subject E. W. 
The theoretical potassium and phosphorus balances 
were calculated from the observed nitrogen bal- 
ance. It is noted from this figure that the de- 
creased potassium excretion that followed each 
period of sodium administration can only partially 
be accounted for by the decreased catabolism of 
protein that occurred at that time. Knowing that 



renal sodium excretion in normal subjects 


1077 


desoxycorticosterone, the salt-and-water hormone 
par excellence, produces an increased renal ex- 
cretion of potassium (37, 38) while patients with 
Addison’s disease and adrenalectomized animals 
have a decreased ability to excrete potassium (1, 
39), this observed drop in potassium excretion is 
taken to be, at least in part, the result of a de- 
creased salt-and-water hormone activity occurring 
at this time when there is a large renal sodium ex- 


cretion. Unfortunately, the serum potassium con- 
centration was not determined immediately fol- 
lowing the days of lowest urinary potassium ex- 
cretion to ascertain whether or not an elevation of 
serum potassium occurred as a result of this de- 
creased renal potassium excretion. The strikingly 
negative potassium balance on the first day of so- 
dium citrate administration is discussed in an- 
other paper (6). 



Fig. 3. The Actual and Theoretical Potassium (Lower) and Phos- 
phorus (Upper) Balances Occurring in Subject E. W. 

Output values were determined from the sum of urinary and fecal contents 
and intake values were obtained from diet analysis. Tlie factor 2.7 was 
used to convert grams of observ’cd nitrogen balance to milli-equivalcnts of 
“theoretical potassium balance" and the factor 2.15 to convert grams of 
observed nitrogen balance into millimols of “theoretical phosphorous bal- 
ance. Note especially the large positiv'e actual potassium balance imme- 
diately following both periods of sodium administration. 
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A comparison of the phosphorus and nitrogen 
balances, also illustrated in Figure 3, reveals no 
significant differences between actual and theoreti- 
cal phosphorus balance. The theoretical phos- 
phorus balance was not, however, corrected for 
possible changes in bone metabolism. 

Our data show more distinct evidence of de- 
pression of adrenal cortical activity with adminis- 
tration of sodium than stimulation of activity by 
restriction of sodium. However, with more severe 
sodium depletion produced by sweating in ad- 
dition to very low sodium dietary intake, one of 
McCance’s subjects had a negative nitrogen bal- 
ance of 45 gms. in 11 days of sodium depletion 
and McCance states (27) “. . . this illustrated 
rather well the fact that the nitrogen balance 
steadily became more negative as sodium chloride 
was withdrawn from the bod 5 L” Conn (40) found 
that sodium restriction in normal subjects under- 
going acclimatization to humid heat results in 
negative nitrogen balance. This investigator dem- 
onstrated that it was the sodium restriction rather 
than a nonspecific effect of the hot environment 
which caused the negative nitrogen balance. 
Thus when acclimatization to the hot environment 
was complete in his subjects while they were on a 
fixed sodium intake, nitrogen balance was re- 
gained. Further restriction of sodium, without 
changing the exposure to the hot environment or 
otherwise altering the diet, was again followed by a 
negative nitrogen balance, which disappeared 
gradually as reacclimatization was accomplished 
on the lower sodium intake. Thus, it seems that 
the amount of evidence of increased protein cata- 
bolic hormone activity that is elicited in response 
to sodium restriction is dependent upon the in- 
tensity of the requirement to conserve body 
sodium. 

It is also evident from our data that with pro- 
longation of the period of low sodium intake the 
effects on nitrogen metabolism attributed to 
adrenal activity (protein catabolic hormone action) 
disappear. This occurs in spite of the continued 
renal conservation of sodium. In all three sub- 
jects the protein catabolic effects were most evi- 
dent early in tlic study. As mentioned above. 
Conn (40) found that during acclimatization to a 
hot environment negative nitrogen balance occurs 
early and gradually disappears. It is of interest 
in tliis connection to note that Swanson and Smith 


(41) found that rats kept on a “salt-free” diet 
showed a definite increase in weight of the adre- 
nals followed by regression, with adrenal weights 
after 90 days only slightly greater than in the con- 
trol rats receiving salt. 

Apparently then, with continuation of the re- 
quirement to conserve body sodium, the protein 
catabolic hormone effect disappears. This could 
be the result of a decreased adrenal cortical out- 
put of protein catabolic hormones or of a decreased 
response on the part of the tissues to the action of 
an increased protein catabolic hormone in the 
body. Our data give no clue as to whether one of 
the two or both possibilities actually occurs. 

A further point of interest should be mentioned. 
That is the definite lag that occurred in the renal 
excretion of sodium when it was administered to 
our subjects following the low sodium intake, and 
the lag in the renal conservation of sodium that oc- 
curred when the sodium intake was again sharply 
reduced. Because the changes noted in nitrogen 
balance and renal potassium excretion with sodium, 
administration show exactly the same lag, it ap- 
pears that the sudden changes in sodium intake 
require some time to produce an adrenal response. 

We are well aware that this interpretation of 
our results suffers considerably from the lack of 
adrenal cortical hormone assays which would 
more directly define the role of the adrenal cortex.® 
However at the present time there is no method 
of measuring directly adrenal salt-and-water hor- 
mone production. Forsham et al. have found in- 
creased uric acid excretion to be a more consistent 
and more marked result of prolonged administra- 
tion of 11 and 11-17 oxycorticosteroids than is 
the nitrogen balance (42). Further studies by 
this group of uric acid excretion in response to 
adrenocorticotrophin administration (43) sup- 
port the view that uric acid excretion reflects 
changes in 11-oxycorticosteroid activity. The 
observed changes in total uric acid excretion in 
subject E. W^. on a constant purine diet (see Figure 
2) clearly then support our interpretation of al- 
tered adrenal cortical activity in response to vary- 
ing sodium intake. 

Space does not permit a discussion of possible changes 
in androgenic and protein anabolic hormone activity of 
the adrenal cortex and our data show no positive evidence 
that such changes occurred. 
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Because evidence of both protein catabolic hor- 
mone activity and of salt-and-water hormone ac- 
tivity has been elicited by tbe need to conserve 
body sodium it is suggested that the adrenal re- 
ceived its direct stimulus via the anterior pitui- 
tary. Studies with adrenocorticotropic hormone 
administration to human beings support this view 
since this hormone causes stimulation of protein 
catabolic effects as well as salt-and-water hor- 
mone effects (40, 43) . 

The fact that the changes observed were similar 
following both sodium chloride and sodium citrate 
administration indicates that the sodium cation is 
of importance rather than the anion. Just what 
change occurs in the body when sodium intake 
is restricted or high, which serves to initiate the 
adrenal cortical activity, is not revealed. Changes 
in concentration of extracellular fluid, sodium, 
chloride, COo content, tonicity of extracellular 
fluid or volume of extracellular fluid perhaps 
through its effect on circulating intravascular 
volume, all suggest themselves, but a multitude 
of other changes which occur in the extra- and 
intracellular fluids with variation in sodium intake 
might as likely act as the actual stimulus. The 
work of Selye on the general adaptation syndrome 
(44) suggests that our observations might simply 
cover an adaptation to sodium restriction as the 
stress, but this would only further describe rather 
than explain our results. Our findings and inter- 
pretation are in agreement with those of Conn (40) , 
who demonstrated an increased adrenal cortical 
activity in response to the requirement to conserve 
salt during acclimatization to humid heat. 

SUMMARY AND CONCLUSIONS 

Some effects of marked variation in sodium in- 
take in three normal young adult subjects were 
studied. These subjects were maintained on fixed 
diets containing adequate calories and protein with 
very low sodium and chloride content. At definite 
periods the sodium intake was abruptly increased 
by the addition of 480 mEq. of sodium as sodium 
chloride or sodium citrate. 

With reduction from usual intakes of sodium to 
9 mEq. of it daily there occurred an initial nega- 
tive balance of sodium and chloride followed by 
progressive reduction of urinary losses to minimal 
amounts in about five days. This initial loss of 
body sodium and chloride was associated with a 


loss of about 2 kilograms of weight with subse- 
quent stabilization of weight as urine sodium and 
chloride loss became very small. Slight decrease 
in serum sodium and chloride levels also occurred. 

Administration of sodium as sodium chloride 
or as sodium citrate was accompanied by a sharp 
increase in body weight much more pronounced 
with sodium chloride than with the citrate. There 
also occurred a hemodilution as evidenced by de- 
crease in serum proteins and hematocrit and an 
increased glomerular filtration rate. These latter 
effects were much more pronounced after sodium 
chloride administration than after sodium citrate. 

A definite lag in the renal excretion of sodium 
with the shift from the low to the high sodium in- 
take and a delay in the renal conservation of so- 
dium with change from the high to the low sodium 
intake occurred. 

With this variation in sodium intake definite 
changes in protein metabolism occurred. Ad- 
ministration of sodium after sodium restriction 
produced positive nitrogen balance while sodium 
restriction increased the rate of protein catabolism. 
These changes were reflected in increased 24 hour 
urea, uric acid, phosphorus and potassium excre- 
tions with sodium restriction and depression of 
these urinary excretions with sodium administra- 
tion. In addition a definite decrease in blood urea 
concentration occurred with each period of sodium 
administration which could not be accounted for 
by alteration in renal clearance of urea but was 
the result primarily of a decrease in the rate of 
protein catabolism. 

The decreased urinary potassium excretion fol- 
lowing the periods of sodium administration could 
not be entirely accounted for by the decrease in 
protein catabolism that also occurred at this time 
and this effect is discussed. 

We believe that all the observed effects are 
best explained by changes in adrenal cortical ac- 
tivity. In this sense the requirement for conserva- 
tion of body sodium in the presence of a very low 
sodium intake was met by increased adrenal cor- 
tical activity of a desoxycorticosterone-like hor- 
mone, accompanied by increase in activity of adre- 
nal protein catabolic hormone. Administration of 
large quantities of sodium abolished this need to 
prevent renal loss of sodium with resultant de- 
crease in adrenal cortical activity. Our findings 
indicate that in the normal subject, the conserva- 
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tion of body sodium by variation of renal excre- 
tion of sodium is the result of increased adrenal 
cortical activity in response to low sodium intake 
and decreased adrenal cortical activity when large 
amounts of sodium are administered. 
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In. a separate paper (1) we have described 
effects resulting from variation of sodium intake 
in normal subjects, which we attribute to changes 
in adrenal cortical activity. It is the purpose of 
this paper to describe some additional effects of 
considerable physiological interest that were ob- 
served in the course of that study. 

METHODS 

Three normal young adults were maintained through- 
out the study on a constant diet adequate in calories and 
protein with a very low sodium (about 9 mEq.) and 
chloride (about 25 mEq.) content. At definite periods 
480 mEq. of sodium were administered orally daily either 
as sodium chloride or as sodium citrate. The analytical 
methods and diet are described in detail in the previous 
report (1), 

RESULTS 

The complete data of this study were presented 
in a separate paper (1). Only data pertinent to 
the present discussions will be presented here. 

Table I shows the weights of our three normal 
subjects for the three days before, during and fol- 
lowing sodium administration. It is evident that 
with sodium chloride administration a much more 
marked gain of weight occurred than with sodium 
citrate. Each subject was on a maintenance ca- 
loric intake so that practically all weight changes 
occurring over such short periods as these are 
due to change in body fluid content. 

Table II shows the changes in urinary sodium, 
chloride and potassium excretion that occurred 
before, during and following each period of sodium 
administration. No significant changes in fecal 
sodium, chloride, and potassium were noted and 
these are not recorded here. It is seen that with 
administration of so'dium chloride there is in 
each case a parallel increase in both urinary sodium 
ami chloride as would be expected. Following the 

Tb.ls study was aided by a grant from the United 
Sl-rtes Public Hcaltii Service. 


sodium citrate administration a similar increase 
in sodium excretion is noted; however, chloride 
excretion remains unchanged, or if anything, 
slightly decreases. 

Table II shows further that with the sodium 
chloride administration no significant increase in 
potassium excretion occurred except in the case 
of M. L., whose urine potassium content rose 
from about 40 mEq. in 24 hours to 88 mEq. the 
first day of sodium chloride administration. In 
subjects W. C. and E. W, a significant decrease 
in potassium excretion occurred after cessation of 
sodium chloride administration. On the first day 
of sodium citrate administration, a very definite 
increase in potassium excretion took place in all 
subjects. This was followed, after omission of 
sodium citrate, by a decrease to unusually low 
levels of potassium excretion. 

Table III shows the data we have collected re- 

TABLE I 

Nude, fasting body weights of subjects for the three days before, 
the three days of sodium administration 
and the three following days 


w. c. 

M. L. 

E. W. 


75.005 

74.950 

74.565 

68.285 

68.620 

68.640 

64.650 

64.920 

64.805 

Low sodium and chloride 

Low sodium and chloride 

Low sodium and chloride 

76.830 

78.250 

77.14:8 

70.370 

71.480 

71.270 

66.840 

67.500 

67.660 

Sodium chloride 479 mEq. 

1 Sodium chloride 479 mEq. 
Sodium chloride 479 mEq. 

74.770 

74.480 

74.100 

' 70.020 
! 69.860 
69.480 

1 

66.070 

65.700 

65.400 

■ ■ 1 

Low sodium and chloride 

Low sodium and chloride 

Low sodium and chloride 

75.750 i 

75.660 

74.850 

68.650 i 

68.670 

68.475 

65.230 ! 
64.820 
64.990 ■ 

Low sodium and chloride 

Low sodium and chloride 

Low sodium and chloride 

75.370 

75.830 

75.850 

68.901 

69.010 

68.995 

65.440 

65.730 

66.080 

Sodium citrate 478 mEq. 
Sodium citrate 478 mEq. 
Sodium citrate 478 mEq. 

75.330 

75.030 

75.150 

68.650 

68.230 

65.340 

65.110 

65.450 

Low sodium and chloride 

Low sodium and chloride 

Low sodium and chloride 


1082 



SOME EFFECTS OF VARIATION IN SODIUM INTAKE 


1083 


TABLE JI 


Urinary sodium, chloride and potassium excretions of subjects for three days before, during, 
and three days following each three day period of sodium administration 


w. c. 

M. L. 

E. w. 


Na 

Cl 

K 

Na 

Cl 

K 

Na 

Cl 

K 


{mEq.) 

{mEq.) 

{mEq.) 

{mEq.) 

(miiff.) 

{mEq.) 

{mEq.) 

{mEq.) 

{mEq.) 


13.2 

5.9 

49.8 

2.6 

2.7 

33.2 

1.9 

15.5 

88.7 

1 Low sodium and chloride 

17.0 

7.0 

49.9 

1.6 

1.0 

42.8 

1.3 

8.7 

103.2 

Low sodium and chloride 

1.5 

4.9 

68.2 

1.2 

0.9 

41.2 

0.6 

7.6 

77.1 

Low sodium and chloride 

20.4 

16.8 

68.2 

152.2 

152.6 

87.6 

72.5 

115.2 

99.2 

Sodium chloride 479 mEq. 

250.2 

267.2 

81.0 

371.2 

411.2 

76.0 

361.6 

395.0 

102.2 

Sodium chloride 479 mEq. 

425.8 

466.8 

83.5 

582.9 

614.4 

41.6 

477.7 

497.0 

62.5 

Sodium chloride 479 mEq. 

292.9 

300.7 

78.4 

201.9 

188.4 

30.4 

254.0 

238.5 

47.1 

Low sodium and chloride 

53.4 

57.2 I 

33.8 i 

53.5 

62.8 

67.6 

108.9 

94.3 

42.8 

Low sodium and chloride 

70.5 

63.2 

34.5 1 

31.0 

42.8 

66.8 

86.0 

87.4 

69.0 

Low sodium and chloride 

4.2 

WBk 

71.8 

6.4 

8.4 

66.4 

3.72 

25.1 

91.3 

Low sodium and chloride 

5.4 

WSSm 

79.7 

5.7 

7.8 

60.4 

1.78 

20.7 

103.3 

Low sodium and chloride 

7.1 


84.4 

4.5 

9.2 

66.4 

2.52 

17.1 

83.4 

Low sodium and chloride 

284.7 


147.6 

305.0 

9.8 

159.6 

214.6 

2.8 

217.7 

Sodium citrate 478 mEq. 

430.9 


128.6 

457.5 

6.0 

85.2 

374.7 

5.4 

101.9 

Sodium citrate 478 mEq. 

439.0 

12.0 

66.6 

454.5 

3.5 

78.8 

434.6 

4.1 

58.3 

Sodium citrate 478 mEq. 

112.7 

9.6 

40.0 

61.1 

3.0 

9.2 

188.2 

6.7 

22.0 

Low sodium and chloride 

50.1 

9.6 

31.2 

66.3 


20.4 

71.4 

8.3 

32.2 

Low sodium and chloride 

26.0 

6.2 

53.6 




25.9 

8.6 

52.7 

Low sodium and chloride 


garding glomerular filtration rate and sodium and 
chloride excretion in these normal subjects. In 
subject E. W. the glomerular filtration rate is 
estimated from the 24 hour endogenous creatinine 
clearance (2, 3). In our other two subjects, 
glomerular filtration rate was determined by inulin 
clearances (4). The sodium and chloride excre- 
tions were obtained simultaneously with the fil- 
tration rates. 

DISCUSSION 

The discussion is organized about the four 
points we wish to stress; 

I. The importance of fixed anion as well as cation 
to the accumulation of extracellular fluid. 

As is well known, quantitatively the important 
cation of the extracellular fluids is sodium, and 
through renal regulation the concentration of so- 
dium in the extracellular fluids is maintained 
within verj' narrow limits. Even in disease it is 
uncommon to find the serum sodium concentra- 
tion varying more than 20 mEq./L from the nor- 
mal value of about 140 mEq. Thus, it has come 
to be generally realized that extracellular fluid 
volume does not increase without available sodium 


(5). This fact has become the central principle 
in the management of clinical edema by sodium 
restriction. 

Furthermore it is true that the important anion 
of the extracellular fluid regarded quantitatively 
is chloride. Little, however, is mentioned regard- 
ing the role played by chloride in the accumulation 
of extracellular fluid. Table I and Figure 1, which 
show the changes in body iveight that occurred 
with administration of equivalent amounts of so- 
dium first as sodium chloride and then as sodium 
citrate, clearly indicate that weight gain is much 
greater following administration of sodium chlo- 
ride. In short experiments of this type, change in 
weight is necessarily due almost entirely to changes 
in body fluid content. Calculation of predicted 
weight change from increase in chloride space fol- 
lowing sodium chloride administration reveals 
that the weight gain is almost entirety due to in- 
crease in extracellular fluid. Figure 1 shows that 
the serum sodium and chloride concentrations in 
subject E. W. rose slightly and equally on ad- 
ministration of sodium chloride. 

The inability to accumulate much extracellular 
fluid and gain weight when the same amount of 
sodium was administered as the citrate salt was 



















1084 


ALEXANDER LEAF, .WILLIAM T. COUTER, AND L. H. NEWBURGH 


TABLE III 


Simultaneous glomerular filtration rale and urine sodium and chloride excretions 



Experimental day 

♦Glomerular 

filtration 

Urinary sodium 

Urinary chloride 




L/Z4 lirs* 

mEq./24 hrs. 

mEq./Z4 hrs. 



1 

165 

\ 94 

114 

Low Na and Cl 


5 

157 

! 2.0 

15.2 

Sodium — 9.4 mEq. 


8 

165 

0.6 

7.6 

Chloride — 24.9 mEq. 
Daily 


9 

160 

i 72.5 

115 

High Na and Cl 


10 




Sodium — 488 mEq. 


11 




Chloride — 504 mEq. 
Daily 


12 

192 

254 

239 

Low Na and Cl 

Subject E. W. 

15 

133 

31.6 

55.3 

Sodium — 9.4 mEq. 

17 

153 

1.8 

20.7 

Chloride — ^24.9 mEq. 
Daily 



19 

161 

215 

2.8 

High Na citrate 


20 




Sodium — 488 mEq. 


21 




Chloride — 24.9 mEq. 
Daily 


22 

161 

188 

6.7 

Low Na and Cl 


25 

160 

15.0 

9.4 

Sodium — 9.4 mEq. 


29 

155 

3.0 

13.3 

Chloride — 24.9 mEq. 


32 

149 

7.0 1 

19.3 

Daily 



ml./min,** 

mEq./ min. 

mEq./min. 



12 (first period) 

121 

0.020 

0.017 

Low Na and Cl 

Subject W. C, 

(second period) 

113 

0.018 

0.011 

(as above) 

25 (first period) 

156 

1.56 

1.29 

High Na and Cl 


(second period) 

159 

1.07 

1.07 

(as above) 

i 


9 (first period) 


0.098 


Low Na and Cl 


(second period) 


0.17 


(as above) 

Subject M. L. 

17 (first period) 

126 

0.53 

0.46 

High Na and Cl 

(second period) 

119 

0.71 

0.67 

(as above) 


29 (first period) 

113 

0.081 

0.024 

High Na citrate 


(second period) 

111 

0.216 

0.016 

(as above) 


* Glomerular filtration rate was determined as the 24 hour endogenous creatinine clearance in subject E. W. 
** Glomerular filtration rate was determined as the inulin clearance in subjects W. C. and M. L. 


apparentl)' due to the lack of fixed anion, specifi- 
cally chloride. Since the citrate anion is metabo- 
lized in the body it leaves the sodium cation with- 
out an accompanying fixed anion. Classical stud- 
ies have shown that when sodium enters the ex- 
tracellular fluid compartment without equivalent 
fixed anion it becomes largel}' associated with bi- 
carbonate, equivalent for equivalent, keeping the 
total cation and anion concentrations of the ex- 
tracellular fluids equal. Such an increase in bi- 
carbonate concentration tends to produce an alka- 
losis (rise in pH above the normal value 7.35) in 
the extracellular fluids. The magnitude of this 
disturbance is diminished by removal of sodium 


from the extracellular fluid by renal excretion and 
by its entry into the intracellular compartment. 
The extent to which these two regulatory mecha- 
nisms failed to prevent a temporary increase in bi- 
carbonate concentration in the extracellular fluid 
of E. W. is indicated in Figure 1 by the rise in 
serum sodium from 138.6 to 144.9 mEq. per liter 
and drop in serum chloride from 97.6 to 95.6 mEq. 
per liter that occurred with the sodium citrate ad- 
ministration. The serum COo content rose from 
30.3 to 3/ .3 mM per liter. As the low chloride 
intake had already resulted in very small amounts 
of chloride in the urine, the kidneys were unable 
to make fixed anion available in significant amounts 
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liy any further reduction in urine chloride excre- 
tion. The slight weight gain that occurred was as- 
sociated with the small expansion of extracellular 
fluid volume made permissible by the dilution of 
the existing chloride content of the extracellular 
fluid. Thus in the absence of fixed anion, adminis- 
tration of sodium, even in large amounts, does 
not increase extracellular fluid volume importantly. 


II. Dissociation of renal sodium and chloride ex- 
cretion 

Table II clearly shows that when sodium chlo- 
ride is administered there occurs a parallel in- 
crease in urinary excretion of sodium and chlo- 
ride. With the administration of sodium citrate 
a similar increase in urinary sodium occurs but the 
urinary chloride continues to be small or even 



Fig. 1. To Show Changes in Body Weight, Seru.m Sodium and Chloride 
Concentrations Together with Sodium (Lower) and Chloride (Upper) 
Balances in Subject E. W. 

Note especially the decreased chloride excretions occurring during the period of 
sodium citrate administration. 
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decreases below the base line. This is illustrated 
in Figure 1 for subject E. W. 

In another report (1) we present evidence to 
support the belief that the renal excretion of so- 
dium in normal human subjects is regulated by- 
adrenal cortical activity. Earlier studies by others 
of the action of adrenal cortical extracts and adre- 
nal cortical hormones on sodium and chloride bal- 
ance suggested a similar effect on both sodium and 
chloride (6-8). Such studies in the past have 
been conducted under conditions that might be 
expected to cause parallel changes in sodium and 
chloride balance, le., loss of sodium and chloride 
in the urine following adrenalectomy and re- 
tention of sodium and chloride on administration 
of adrenal cortical extract or adrenal cortical 
steroids to adrenalectomized animals. But when 
a definite need on the part of the body to con- 
serve fixed anion, chiefly chloride, is created be- 
cause of the presence of a large excess of sodium 
cation, a complete dissociation in the renal excre- 
tion of sodium and chloride is elicited. Our earlier 
studies (1) indicate that large intakes of sodium, 
either as the chloride or citrate salts, depress adre- 
nal cortical activity. This would permit the large 
urinary excretion of sodium that followed the ad- 
ministration of sodium citrate ; but accompanying 
this extensive removal of sodium there is no in- 
creased loss of chloride. In fact the urinary values 
for chloride fell below those of the control period. 
What it is that causes the kidneys to conserve 
chloride when excess base is administered, this 
study does not indicate. It is recognized, how- 
ever, that such reduction of renal excretion of 
chloride serves a useful function in conserving 
fixed anion in the presence of the threat of alka- 
losis resulting from the sodium citrate administra- 
tion — another example of the “wisdom” of the 
body. 

111. Disl'laccincnt oj intracellular potassium by 

sodium 

It was noted that eacii of our subjects showed 
a jwompt and striking increase in urinary potas- 
sium excretion during the first 24 hours of sodium 
citrate administration. By the third day of the 
sodium citrate period the urinaiy' potassium had 
dro[>ped to or below the base line (see Table II). 
No -‘^uch increase in urinary- potassium content 
(Kcurred with sodium chloride administration e.x- 


cept possibly for the much less striking increase 
in subject M. L. Figure 2 shows the theoretical 
potassium balance calculated from the actual ni- 
trogen balance (grams nitrogen balance X 2,7 = 
mEq. theoretical potassium balance on the basis 
of changes in body protoplasm) and indicates that 
this potassium excretion was not the result of in- 
creased catabolism of tissues. Figure 2 also 
clearly shows that this marked potassium diuresis 
coincided with the markedly positive balance of 
sodium unaccompanied by fixed anion that re- 
sulted from the sodium citrate administration. 

To learn more about the association of positive 
sodium and negative potassium balance the cal- 
culations shown in Table IV were made according 
to the method of Darrow (9) for the periods of 
sodium administration in each subject. The extra- 
cellular fluid volume was estimated as 20% ^ of 
the body weight on the morning of the first day of 
sodium administration. It is seen from Table IV 
that in each case with sodium citrate administration 
there is a positive intracellular sodium balance, 
definite in E. W. (222 mEq.) and M. L. (178 
mEq.) and perhaps equivocal in subject W. C. 
(83 mEq.). This is associated with a negative 

2 Recent evidence by inulin space determinations (20) 
indicates that the extracellular fluid volume may be less 
than this per cent. Our subjects also had some shrinkage 
of extracellular volume as a result of the preceding re- 
striction of sodium and chloride intake. However, the 
value taken for the initial extracellular fluid volume in 
these calculations, within reasonable limits, only insig- 
nificantly affects the results. 

TABLE IV 

Changes in intracellular sodium and potassium balances 
that occurred during the three-day periods of sodium 
chloride and sodium citrate administration * 



Total 

Na 

balance 

Total 

K 

balance 

Extra- 

ccll-Na 

balance 

Extra- 

cell-K 

balance 

Intra- 

cell-Na 

balance 

Intra- 

cell-K 

balance 


mEq. 

lllEq. 

; mEq. 

111 Eg. 

inEg. 

mEq. 

Subject E. W. 


\ 


! 



after NaCl 

\ +553 

-9 

+644 

i +13 

-91 

-22 

after NaCit. 

! +436 

-108 

+214 

! +2 

+222 

-JIO 

Subject M. L. '' 







after NaCl 

+355 

+46 

+401 

+11 

-46 

+35 

after NaCit. 

+236 

-76 


+3 

+irs 


Subject IT'-, C. 







after NaCl 

+759 

-60 

+722 


+ 37 


after NaCit. 

+303 

-133 

+220 

0 

+5'J 

-133 


* The complete data from which these calculated values 
were derived are presented in our preceding paper (1). 
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\ 

Fig. 2. The Actual and Theoretical Potassium Balances (Upper) and Sodium 


AND Chloride Balances (Lower) in Subject E. W. 

Note that the sodium and chloride balances change together except during and following 
the period of sodium citrate administration. The factor 2.7 was used to convert grams 
of observed nitrogen balance to milli-equivalents of “theoretical potassium balance." The 
values plotted are the difference between intake and urine plus fecal excretions. Note the 
large negative potassium balance during the first day of sodium citrate administration. 


intracellular potassium balance of — 1 10, — 79 , 
and — 133 mEq. respectively for the three-day 
period. 

This method of calculation originated by Bar- 
row is based on the assumption that nearly all 
of the chloride of the body is restricted to the ex- 
tracellular fluid compartment. The significant 
positive figures for "intracellular sodium balance” 
(or sodium that cannot be accounted for in the 
extracellular fluids of the body) clearly indicate 
that sodium has entered some part of the body un- 
accompanied by chloride. The coincident strongly 
negative potassium balance is good evidence that 
this sodium entered the intracellular compartment 
without chloride, displacing potassium, in so do- 
ing. We make no attempt to quantitate the intra- 
cellular sodium gain with the potassium loss, as 
extraneous factors, such as increase in tonicity of 
the extracellular fluid that occurred with the so- 
dium administration and which might require 
changes in the total cation concentration within 
the cells, invalidate such attempts. 


Administration of the sodium cation with fixed 
anion as sodium chloride resulted in no such gain 
in intracellular sodium. The total gain in body 
sodium was associated with nearly an equivalent 
gain of chloride. The sodium gain was accounted 
for by the increase in chloride space — expanded 
extracellular fluid volume. There was no occa- 
sion for sodium to pass into the cells. Hence no 
displacement of potassium occurred. 

These findings, namely, displacement of intra- 
cellular potassium on administration of sodium 
citrate,® strongly support the excellent studies of 
Barrow (8, 10-13) that the intracellular sodium 
plays a role in the defense of the normal extra- 
cellular pH. 

The data presented in the preceding publication 
(1) offer an e.xplanation of the lag in excretion 
of sodium on changing from low to high intake 

3 One may anticipate exactly similar effects from so- 
dium bicarbonate, acetate, lactate or other sodium salts 
having an associated anion that will be metabolized to 
bicarbonate in the body. 
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of sodium. Namely that the sharp restriction of 
sodium just before the administration of sodium 
citrate, resulted in maximal reabsorption of sodium 
in response to augmented adrenal cortical activity. 
This effect in decreasing amounts was continued 
for several days after the subjects had begpin to 
take the sodium citrate. Thereafter, the adrenal 
drive relaxed and the large intake of sodium was 
accompanied by a plentiful excretion of sodium. 
During this lag in renal adjustment, the sodium 
cation passed into the cells of the body from the 
extracellular fluids, without accompanying fixed 
anion. This reduced the “available base” (or CO, 
content) of the extracellular fluids, and hence 
the extent of alkalosis that would have otherwise 
been produced by the sodium citrate administra- 
tion. Had this shift of sodium into the cells failed 
to occur in subjects E. W. and M. L. an increase 
in the extracellular COg content of 15 and 12 mM 
per liter, respectively, might have occurred with a 
resultant severe alkalosis. 

The renal excretion of the potassium displaced 
from the cells was not impeded by the augmented 
adrenal cortical activity as was the sodium, since 
the potassium appeared in the urine. Desoxy- 
corticosterone, the adrenal cortical salt-and-water- 
hormone par excellence, facilitates renal excretion 
of potassium while decreasing renal excretion of 
sodium (14). Hence the adrenal cortical activity 
during the lag in adjustment to the high sodium 
intake, though it prevented renal excretion of so- 
dium, perhaps facilitated renal excretion of po- 
tassium. In subject E. W. the urine collection 
during the first 24 hours of sodium citrate adminis- 
tration was divided so that the urine passed dur- 
ing the first six hours of sodium citrate adminis- 
tration was collected separately and on analysis 
was found to contain only 1.4 mEq. of sodium (out 
of a total excretion of 215 mEq. for that 24 hour 
period) while it contained more than one-fourth of 
the total large potassium excretion of that day. 

The negative intracellular sodium balance that 
followed the sodium chloride administration in 
subject E. is of sufficient magnitude to be in- 
teresting. Tile administration of large amounts of 
sodium chloride, which is “acid-producing” in that 
it contains equivalents of sodium and chloride 
(whereas the extracellular fluids normally con- 
tain sodium to chloride in the ration of 1.4 to 1), 
anparently caused a transfer of intracellular so- 


dium to the extracellular fluids which would serve 
to help combat this effect of sodium chloride ad- 
ministration. Such a mechanism assisting in the 
prevention of acidosis has also been described by 
Darrow (11, 15). 

It is realized that the type of calculation made 
above would include any extrarenal or extrafecal 
sodium loss from the body as a gain in "intra- 
cellular sodium.” This possibility reduces itself 
to losses of sodium through the skin. The studies 
of Freyberg and Grant (16) of the insensible 
losses of sodium from the skin of normal adult 
subjects show that the daily sodium loss is less 
than 10 mEq. Hence in our normal subjects who 
avoided exertion and sweating, a cumulative loss 
of sodium through the skin over the three-day 
periods of about 30 mEq. would scarcely affect the 
positive balances recorded. 

IV. Glomeridar filtration, tubular reabsorption 

and the excretion of sodium 

There has been considerable discussion in the 
current literature regarding the possible roles 
played by change in glomerular filtration rate and 
tubular reabsorption of sodium in the formation 
of edema (17-19). Because our studies involved 
very low and very high rates of sodium and 
chloride excretion resulting from the marked 
variations in sodium intake, observations were 
made to determine, if possible, how glomerular fil- 
tration and tubular reabsorption of sodium affected 
the excretion of sodium by normal subjects. 
Table III shows the simultaneous 24 hour endo- 
genous creatinine clearance taken as a measure 
of glomerular filtration rate (2, 3) and the simul- 
taneous 24 hour urine sodium and chloride con- 
tent. Simultaneous inulin clearances and sodium 
excretions for subjects M. L. and W. C. are also 
recorded. 

It is obvious from a brief examination of these 
data that there is no correlation between glomeru- 
lar filtration rate and renal excretion of sodium or 
chloride. Following the sodium chloride adminis- 
tration an increase in glomerular filtration rate is 
associated with an increased rate of excretion of 
sodiurn. Howe%'er, no such increased rate is seen 
following the sodium citrate administration in spite 
of an equally large increase in the rate of sodium 
excretion. In another paper ( 1 ) we have sug- 
gested that the increased glomerular filtration rate 
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following sodium chloride administration is a non- 
specific response secondary to the resulting in- 
creased vascular volume. One certainly is not 
justified in interpreting it as a specific adjustment 
of the kidney for the purpose of increasing, sodium 
excretion as has been postulated recently (18). 
Our findings in normal subjects are similar to 
those of Briggs ct al. (19) who found no relation 
between glomerular filtration rates and sodium 
excretion in patients with congestive heart failure. 

In what has just been said, mention of the serum 
sodium and chloride concentrations at the time of 
these clearance studies has been purposely avoided. 
Mokotoff ct al. (18) have claimed that the tubular 
reabsorption of sodium is constant per unit of 
glomerular filtrate volume (“13.3 mM per 100 cc. 
of glomerular filtrate”) and therefore varies di- 
rectly with the glomerular filtration rate. These 
workers subtracted the sodium excreted in the 
urine from the product of the glomerular filtration 
rate and the serum sodium to obtain the rate of 
tubular reabsorption. As the quantity of sodium 
filtered is in nearly all cases tremendous in com- 
parison with the quantity excreted such calcula- 
tions are questionable. With a glomerular filtra- 
tion rate of 160 liters in 24 hours and serum so- 
dium of 140 mEq. per liter our subject E. W. was 
presenting approximately 22,400 mEq. of sodium 
to his renal tubules while the 24 hour urinary so- 
dium excretion varied between 0.6 and 500 mEq. 
depending on the sodium intake. Thus as some 
97 % of the filtered sodium was always reabsorbed, 
the relatively large shift in urinary sodium must 
have occurred as a result of variations within this 
remaining 3% of the filtered sodium. In edema- 
tous cardiac and nephritic patients the glomerular 
filtration rate, though somewhat reduced ( 17-19)', 
remains sufficiently large to still make the quan- 
tity of sodium excreted only a very small per- 
centage of that filtered. Accordingly, the answer 
to the whole problem of the manner in which renal 
function is altered in certain cardiac and nephritic 
subjects making them unable to rid themselves 
of the usual daily sodium intake is hidden in the 
manner in which this very small fraction of the 
total filtered sodium is handled. However, meth- 
ods such as the mannitol clearance with its un- 
avoidable error of about 10% are much too crude 
to demonstrate these fine changes. One cannot 


detect changes of 3% in a function by using a 
measuring stick with a 10% error. 

CONCLUSIONS 

Sodium as the chloride and as the citrate salts 
was administered to normal subjects maintained 
on very low sodium and chloride diets. The ef- 
fects on body weight, sodium, potassium, chloride 
and nitrogen balances were recorded. Simultane- 
ous glomerular filtration rates and urinary ex- 
cretions of sodium and chloride were obtained. 

The gain in body weight with sodium chloride 
was strikingly greater than with sodium citrate. 
Ingestion of sodium as chloride caused parallel in- 
creases in urinary excretion of sodium and chlo- 
ride, whereas sodium as citrate resulted in a similar 
increase in urinary sodium but the urinary chlo- 
ride did not increase. Since in the previous paper 
(1) it was concluded that the desoxycorticoste- 
rone-Iike hormone activity of the adrenal cortex is 
depressed by sodium administration, this dissoci- 
ation of sodium and chloride excretion demon- 
strates that some other factor causes renal con- 
servation of chloride. 

When sodium was administered as the citrate 
salt, a large increase in body sodium occurred ac- 
companied by a large diuresis of potassium. Ap- 
propriate calculations indicate that significant 
amounts of sodium entered the cells, displacing 
large amounts of potassium. 

The quantities of sodium appearing in the urine 
from 0.6 to 4.77 mEq. bore no relationship to the 
simultaneous volumes of glomerular filtrate. The 
sodium present in the urine is 3% or less of the 
sodium delivered to the tubules in the glomerular 
filtrate. Accordingly the relatively small varia- 
tion in the amount of sodium not reabsorbed de- 
termines whether body sodium will be increased or 
decreased. Since the error inherent in the pres- 
ent methods is greater than the function to be 
measured, the exact role of filtration rate and tu- 
bular reabsorption in the excretion of sodium 
cannot at the present time be defined. 
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In a previous paper (1) tve reported on the 
utilization of intravenously injected salt before 
and after the injection of desoxycorticosterone 
acetate in normal individuals and in patients with 
Cushing’s syndrome. It was pointed out that the 
injection of this steroid in normal individuals re- 
sulted in a decrease in the urinary excretion of 
sodium and chloride ions as compared to the con- 
trol values. This is the expected and orthodox 
effect. On the other hand, the injection of this 
compound in patients with Cushing’s syndrome 
under the circumstances of our test resulted in an 
increase in the urinary excretion of sodium and 
chloride. 

Since the publication of the original paper sev- 
eral reports have appeared describing a similar 
phenomenon occurring under a variety of condi- 
tions. Reifenstein (2) has noted a paradoxical 
salt loss in patients with Cushing’s syndrome 
treated with testosterone. Kriss and Futcher (3) 
have observed that in two of three patients with 
Cushing’s syndrome, the rate of urinary excre- 
tion of sodium, chloride, and water following the 
rapid intravenous administration of 400 c.c. of 
5% saline exceeded that observed in similarly 
treated control subjects. In the patients with 
Cushing’s syndrome the increased excretion of 
the ions and water was accompanied by a reduc- 
tion in renal tubular reabsorption of these sub- 
stances, as compared to the controls. In addition, 
these authors report the instances of two obese 
females with arterial hypertension in whom the 
salt tolerance test, employing our technique, was 
positive at the time of menstruation and negative 
in the same patients during the intermenstrual pe- 
riod. They suggest that during the menstrual 
cycle there is a temporar}’- preponderance of adre- 
nocortical influence. In one patient with Cush- 
ing’s syndrome the salt tolerance test resulted in 
a normal salt retaining response, despite the fact 


that the patient exhibited salt diuresis during the 
clearance study performed five days previously. 
More recentl}'-, Forsham and his coworkers (4) 
confirmed the paradoxical salt loss following the 
injection of desoxycorticosterone acetate in pa- 
tients with Cushing's syndrome. They suggested 
that the mechanism of this phenomenon was per- 
haps dependent upon a competitive renal inhibi- 
tion of desoxycorticosterone as against some other 
non-salt retaining adrenal cortical fractions. 

The mechanism of this paradoxical effect is ob- 
scure. We have speculated that it is at least theo- 
retically possible that in some patients with adrenal 
cortical hyperfunction excessive amounts of salt- 
retaining fractions, manufactured by the increased 
activity of the adrenal cortex or injected from an 
exogenous source, are converted into substances 
lacking salt-retaining effects. The basic structural 
similarity between those adrenal cortical steroids 
exercising a salt retaining effect and those lacking 
it would suggest that the conversion of one into 
another is perhaps chemically feasible. 

METHOD 

The method of study employed is that described pre- 
viously (1). “All tests were conducted according to 
the following standard routine: The patients were per- 
mitted no food throughout the period of observation and 
no fluid after 7 P.M. the night before. At 6 A.M. on 
the morning of the studies the patient was asked to void 
and the urine was discarded. He was then given 500 c.c. 
of water to drink at one time, and all of the urine voided 
was collected over a three-hour period to 9 A.H., care- 
fully labeled and set aside. At 9 A.M., 200 c.c. of Sf/o 
saline (10 grams of salt) was injected intravenously and 
the urine voided during the ne.xt three hours, to 12 M., 
was similarly collected and labeled. Two daj-s later the 
same procedure was repeated, but, in addition, the patient 
received 10 mgm. of desoxj-corticosterone acetate intra- 
muscularly the previous evening at 10 P.M. The urine 
volume of each period was carefully measured and sodium 
and chloride determinations were made on each speci- 
men. Sodium was determined according to the method 
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of Butler and Tuthill (5), and chlorides according to, the 
method of Harvey (6). The total urinary sodium and 
chloride ions excreted during the 6 A.M. to 9 A.M. 
period were subtracted from those excreted between 9 
A.M. and 12 M. (period after the intravenous injection). 
The difference represents the excess over the basal excre- 
tion of these ions. This figure in milliequivalents, di- 
vided by 171 {i.e., milliequivalents in 10 grams of sodium 
chloride) yields the fraction of the injected ions excreted 
(Nac and Clc). The comparison of the results obtained 
during the control period and that after the injection of 
desoxycorticosterone acetate shows the percentage of 
increased retention resulting from the use of the hor- 
mone." 


Twenty-two normal controls and ten patients with 
Cushing’s syndrome were studied in the present series. 
The diagnosis of Cushing’s syndrome in every instance 
of this group was established by the presence of a classi- 
cal clinical picture plus the demonstration, by perirenal 
insufflation or surgical exploration or both, of an adrenal 
tumor or bilateral adrenal enlargement. Patients with 
Cushing’s syndrome need manifest no overt gross or 
histological adrenal cortical abnormalities. For purposes 
of clarity and definition, however, we have limited our 
present study to those patients who manifested the usual 
typical clinical picture and anatomical evidence of adrenal 
disease. Finally, there are probably many abortive forms 
of either transient or permanent adrenal cortical hyper- 


TABLE I 


Subjects 

Control 

After injection of 10 mgm. of 
desoxycorticosterone acetate 

Excretion 

Serum 

sodium 

Urine volume 

Injected 
Na ex- 
creted 
Nao 

Injected 
Cl ex- 
creted 
Clo 

Urine voiume 

Injected 
Na ex- 
creted 
Nad 

Injected 
Cl ex- 
creted 
Cld 

Decrease 

Increase 

19 

■a 

9 to 12 
A. M. 

6 to 9 
A. M. 

9 to 12 
A. M. 

■IHi 

,0 (Cl„-cid) 

.„„(Nad-Nae) 

,„„(Cld-CIc) 



Nac 

CIc 

Normals 

c. c. 

c. c. 

% 

% 

c. c. 

c. c. 

% 

% 

% 

% 

% 

% 

nt.eq/l 

I. M. 

395 

232 

10.9 

11.8 


182 

6.7 

8.0 

38.5 

32.5 




W. K. 

260 

950 

19.1 

18.4 

245 

770 

11.8 

13.5 

38.3 

26.5 




M. W. 

58 

128 

8.9 

9.5 

78 

38 

0.4 

0.4 

95 

no 




J. M. 

755 

170 

6.7 

7.4 

560 

283 

8.6 

5.4 


27 

28.5 



R. B, 

133 

168 

5.1 

6.2 

140 

220 

6.4 

5.3 


14 

13.8 



W. C. 

485 

360 

12.1 

12.2 

495 

40 

-14.5 

-14.5 

220 

220 




B. A. 

90 

102 

1.5 

2.9 

72 

132 

6.3 

9.3 



188 

220 


A. R. 

420 

415 

19.1 

15.6 

558 

352 

15.7 

16.7 

17.8 



7.3 


V. V. 

430 

450 

19.4 

23.9 

395 

140 


0.5 

95 

98 




F. K. 

330 

375 

30.5 

34.2 

260 

260 

27.2 

31.7 

10.8 

10.2 




C. L. 

260 

370 

20.4 

24.0 

340 

180 

1.5 

0.7 

93 

97 




F, B. 

180 

100 

1.2 

2.3 

253 

134 

1.1 

2.3 

8.4 

0 




T. D. 

390 

472 

39.1 

42.9 

32 

84 

6.0 

8.4 

85 

76 




s. tv. 

508 

352 

11.7 

14.6 

720 

218 

-O.I 

-3.9 

105 

126 




H. L. 

378 

560 

34.8 

30.8 

562 

218 

9.6 

12.8 

73 

58 




I. P. 

no 

170 

8.2 

10.2 

55 

105 

6.5 

8.6 

20.7 

15.4 




E. S. 

124 

235 

17.3 

■MM 

230 

183 

7.3 

4.7 

59 

74 




P. K. 

105 

170 

12.6 


120 

105 

6.4 

4.5 

49 

64 




A. D. 

650 

290 

2I.S 


465 

170 

11.9 

16.7 

43.5 

42 




N. W. 

300 

155 

5.6 


200 

118 

1.1 

0.1 

80 

98 




A. L. 

200 

187 

15.6 

18.5 

250 

44 


-1.8 

104 

no 




P. P. 

698 

323 

24.3 

16.7 

940 

410 

8.8 

9.1 

66.5 

45.5 




Cushing's 














syndrome 














R. S. (1) 

490 

560 

19.8 

20.5 

590 

585 

19.0 

16.7 

4.1 

18.6 



148 4 

R. S. (2) 

355 

650 

33.3 

30.8 

475 

535 


15.6 

52 

49.5 



151 

R. K. 

840 

480 

24.5 

28.1 

1060 

620 

26.3 

27.3 


4.4 

7.3 


1 9 

D. F. 

530 

400 

4.4 

5.3 

305 

190 

1.8 

2.7 

59 

49.5 



1 7. 

H. P. 

510 

295 

22.0 

19.5 

644 

400 

41.6 

43.4 



89 

122 

1d1 K 

A. L. 

385 

365 

38.0 

39.5 

375 

410 

44.7 

44.8 



17.6 

13 4 

X 1. A, 

141 

F. P. 

390 

307 

14.6 

19.1 

277 

392 

28.6 

34.5 



96 

82 

1 1 

T. S. 

255 

190 

10.8 

14.8 

274 

365 

39.6 

36.1 



280.7 

143 8 

id.(\ i 

A. n. 

370 

380 

14.6 

10.1 

685 

310 

-1.9 

-0.5 

113 

105 




S. G. 

600 

350 

8.2 

8.7 

470 

1000 

44.9 

43.1 



448 

407 

^42,2 

J.S. 

342 

150 

5.9 

5.9 

315 

124 

7.8 

9.1 



32.2 

54 2 


A. P. 

378 

336 

8.9 

9.1 

380 

418 

19.8 

19.5 



122.4 

114 2 


E. S. 

245 

190 

26.7 

32.0 

297 

950 

70.3 

59.8 



163.2 

87 


E. G. 

650 

250 

ll.S 

12.2 

418 

238 

17.3 

19.0 



46.6 

55 7 


J. R. 

168 

534 

3/. 7 

35.4 

115 

745 

55.3 

56.4 



74 

60 


Afler rcJiA- 




























J. R. 

485 

745 

63.3 

49.5 

340 

870 

60.9 

56.5 

4.1 



14.2 


s. s. 

241 

300 

20.2 

2S.0 

257 

95 

-2.1 

-4.6 

110 

116 


139.8 
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function in which the clinical picture is ill defined, more 
subtle, and less complete. The response of such patients 
to the salt tolerance test will await further study. 

RESULTS 

In the table are presented the results obtained 
in the normal individuals and in the 15 patients 
with Cushing’s syndrome. Five of these latter pa- 
tients were discussed in our previous report (1). 
In one of the present control series there occurred 
a diuresis of chloride and sodium following the 
administration of desoxycorticosterone acetate. 
In three others there was a minimal diuresis of 
one or the other of these two electrolytes, but a 
retention of the other electrolyte. 

In ten of the 15 patients with Cushing’s syn- 
drome there occurred a diuresis of sodium and 
chloride following the administration of desoxy- 
corticosterone acetate under the conditions of our 
test. Five patients failed to show the characteristic 
response. Of this group of five individuals, one 
showed a minimal diuresis of sodium but a con- 
siderable retention of chloride. Two of the re- 
maining four patients had received intensive X-ray 
therapy to the hypophysis prior to the performance 
of the test. In one of these two patients the salt 
tolerance test was performed both before and 
after X-ray therapy to the pituitary. Before ir- 
radiation there occurred a marked diuresis of so- 
dium and chloride following the administration of 
the compound, while the repetition of the test af- 
ter conclusion of X-ray therapy resulted in a reten- 
tion of sodium and a reduction in the chloride di- 
uresis. 

Serum sodium determinations were made in 
nine of the patients with Cushing’s syndrome. 
Three of this group showed a considerable eleva- 
tion of the serum sodium, while in the remaining 
six instances the blood electrolyte values were well 
within the normal range. One of the latter group 
and all three of the former showed a retention of 
sodium or chloride, or both, following the in- 
jection of the desoxycorticosterone acetate. 

SUMMARY 

1. The salt tolerance test was performed on 22 
normal individuals and on 15 patients with adre- 
nal cortical hyperfunction. 

2. In one of the control series there occurred 


a diuresis of sodium and chloride following the 
administration of desoxycorticosterone acetate un- 
der the conditions of our test. In three others 
there was a minimal diuresis of one or the other 
of these two electrolytes, but a retention of the 
other electrolyte. 

3. In ten of the 15 patients with adrenal corti- 
cal hyperfunction there occurred a diuresis of so- 
dium and chloride following the administration 
of the hormone. 

4. Two of the five patients who failed to show 
the characteristic response had received intensive 
X-ray therapy to the pituitary prior to the per- 
formance of the test. In one of these patients the 
test was performed both before and after X-ray 
treatment. Prior to X-ray therapy the adminis- 
tration of desoxycorticosterone acetate resulted 
in a diuresis of sodium and chloride, while after 
treatment there occurred a retention of sodium 
and a reduction in the degree of chloride diuresis. 

5. Blood sodium determinations were made in 
nine patients with adrenal cortical hyperfunction. 
In three there occurred a considerable elevation of 
this electrolyte, while in the remaining 'six in- 
stances the serum sodium was well within the 
normal range. 

6. All three of the former group and one of the 
latter showed a retention of sodium or chloride 
or both. 
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In previous reports it has been demonstrated 
that desoxyribose nucleoprdtein is a significant 
constituent of the solid sediment of purulent 
exudates (1), and that hemolytic streptococci 
elaborate, during their growth in broth cultures, 
a desoxyribose nuclease (streptodornase) in 
considerable quantities (2). The latter find- 
ing was also described independently and con- 
comitantly by McCarty (3). 

In a more recent report (4) results have been 
described which were obtained when partially 
purified streptococcal concentrates, containing 
both streptokinase and streptodornase were in- 
jected into the pleural cavity of patients suffering 
from various types of diseases causing fibrinous, 
purulent, and sanguinous exudations. 

The concentrates employed ® were prepared ac- 
cording to methods developed and described by 
Christensen (S). Since they contained both the 
fibrinolytic principle, streptokinase, and the pus- 
liquefying enzyme, streptodornase, it was possible 
to demonstrate that two enzymatic systems were 
operative when introduced locally within the areas 
of disease. Fibrin and fibrinogen were predomi- 
nant in cases of uninfected loculated hemothorax ; 
desoxyribose nucleoprotein was most conspicuous 
in cases with thick coarse purulent exudates ; in 
other cases both substrates were present in vary- 
ing amounts depending on the nature of the un- 
derlying disease. 

With respect to the streptodornase activity, the 
earlier reports (1, 4) described the depolymeri- 
zation of desoxyribose nucleoprotein and desoxy- 
ribosc nucleic acid, and also demonstrated de- 

i Tiie word "Streptodornase” has been employed in this 
article as an abbreviation of streptococcal desoxyribose 
nuclease. 

-Tliis study was supported by a grant from the Na- 
tional Institutes of Health, United States Public Health 
Service. 

’ A considerable amount of the preparations was sup- 
I'lied by Lederle and Co. 


creases in the amount of the solid sediment of pur- 
ulent exudates in association with marked drops 
in the viscosity of the same specimens following 
intrapleural injections of the streptococcal con- 
centrates. 

It is the purpose of this article to describe in de- 
tail the biochemical changes induced by the ac- 
tion of streptodornase in association with the char- 
acteristic physical changes that have attended de- 
polymerization, and, in addition, the histological 
and cytological changes' that have been made evi- 
dent by the use of microscopic preparations serially 
stained by the Feulgen method (6). 

The data to be presented were derived from: 

1. Determinations of the action of streptodor- 
nase on purified desoxyribose nucleic acid derived 
from calf thymus. 

2. Observations of the action on purulent exu- 
dates produced, in vivo, following the intrapleural 
injection of streptococcal concentrates containing 
streptodornase ; the effects, in vivo, have also been 
paralleled by comparable experiments conducted 
in vitro, by incubating streptodornase with speci- 
mens of purulent exudation derived from patients. 

MATERIALS AND METHODS 

Streptodornase, This enzyme was contained in the par- 
tially purified streptococcal concentrates that have been 
used throughout these studies. The concentrates also 
contained streptokinase in measurable quantities. How- 
ever, the effects to be described in this article are limited 
to those caused by the nuclease. A unit of streptodornase 
has been arbitrarily defined as the amount that will cause 
a drop of one viscosity unit in 10 minutes at 37° C in an 
enzyme substrate mixture consisting of 2.S cc. of desoxy- 
ribose nucleic acid and 0.1 cc. enzyme solution. The 
substrate consisted of 0.15-0.2% solution of thymus de- 
so.xyribose nucleic acid in M/40 barbital buffer and 0.003 
M Ms** at pH 7.4. The substrate had an initial viscosity 
relative to water of 3-5 units. 

The amounts of the enzyme employed will be given in 
individual protocols. 
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Dcsoxyribosc nucleic acid. This was prepared from 
calf thymus by the method of Mirsky and Pollister (7). 
A 0.15-0.20% solution in M/'IO barbital buffer was heated 
at 56° C for two hours, to destroy any residual depoly- 
merase activity, before its use as a substrate. 

Viscosity. Viscosity measurements were done in a 
constant temperature bath at 37 + 0.2° C. For purified 
desoxyribose nucleic acid solutions or thin exudates, Ost- 
wald viscosimeters with a flow time of 10-15 seconds at 
37° C were employed. For thick exudates an LV Model 
Brookfield viscometer was employed. Results are ex- 
pressed in units of viscosity X H^O. 

pH. pH was determined by glass electrode using a 
Beckmann pH meter. 

Sediment. The per cent sediment was determined by 
filling Wintrobe tubes with exudate and spinning at 2500 
RPM for one hour. 

Phosphorus. Total acid soluble phosphorus was deter- 
mined by a modification of the method of Fiske and 
SubbaRow (8) on digested 8% trichloracetic acid fil- 
trates. Inorganic phosphorus was determined by a modi- 
fication of the method of Fiske and SubbaRow (8) on 
8% trichloracetic acid filtrates. Organic acid soluble 
phosphorus was obtained by subtracting the inorganic P 
from the total acid soluble P. 

Acid soluble nitrogen. Determined on 8% trichlor- 
acetic acid filtrates by micro Kjeldahl and nesslerization. 

Ammonia. Determined by method of Van Slyke and 
Cullen (9). 


Uric acid. Determined on 1% tungstic acid filtrates 
by the method of Folin (10). 

Absorption at 2600 A. Determined on trichloracetic 
acid filtrates in a Beckmann Spectrophotometer. 

Fctilgen stain. An adaptation of Rafalko (11) and 
Stowell’s (12) modification of the method originally 
described by Feulgen (6) has been regularly employed. 

Solutions 

1. Leuco-fuchsin reagent. 0.5 Gm. basic fuchsin sus- 
pended in 100 cc. boiling distilled water. Shake. 
Cool to 50° C. Filter. Decolorize by slowly bub- 
bling S 02 through the solution for one to two 
hours. Store in dark for 24 hours. Add 0.25 Gm. 
activated charcoal (preferably norit). Shake for one 
minute and filter rapidly through coarse filter paper. 
Store in icebox in dark bottle. 

2. IN HCl solution. 

3. Sulfurous acid solution. Bubble SOj through 1 liter 
of distilled water for three to four hours in the cold. 
Store in icebox in dark bottle. 

4. Fast Green F.C.F. solution — 0,02% alcoholic solution. 

T echnique * 

1. Thick and thin smears of exudate are made and air 
dried. 

^All procedures are carried out at room temperature 
unless otherwise specified. 
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GAMMA STREPTOCOCCAL CONCENTRATE 

Fig. 1. The ErrEcr of Varying Amounts of Streptodorkase Concentrate on 
THE Defolymerization of Purified Desoxyribose Nucleic Acid 
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2. Immerse in IN HCI for one minute. 

3. Immerse in IN HCI for 15 minutes at 56° C. 

4. Rinse in distilled water. 

5. Rinse in sulfurous acid solution. 

6. Immerse in leuco-fuchsin solution for two hours. 

7. Rinse in three successive baths of sulfurous acid solu- 
tion for one minute each. 

8. Immerse in tap water for five minutes and then rinse 
with distilled water. 

9. Immerse in Fast Green solution for 20-30 seconds. 

10. Rinse in distilled water, and air dry. 

RESULTS 

1. The action of streptodornase on purified desoxy- 
ribose nucleic acid {calf thymus). 

In Figure 1 the depolymerase activity of 1 to 5 
gamma of a streptodornase concentrate in 0.1 cc. 
was tested with 2.5 cc. of a 0.15% solution of 
desoxyribose nucleic acid in M/40 barbital buffer 
containing 0.003 M of Mg^^ at pH 7.4. The tests 
were conducted for periods of ten minutes in a 
water bath at 37 °C, From the data it may be noted 
that a linear relationship between concentration 
of enzyme and depolymerase activity was demon- 
strable. 

In Figure 2 the effect of temperature on the 
depolymerase activity of the streptococcal con- 
centrates is illustrated. 

For the experiment on thermal effects, 0.1 cc. 
of a 1 : 1000 dilution of a 5% crude streptococcal 
concentrate, and containing approximately 1.4 


units of streptodornase was added to 2.5 cc. of a 
0.2% solution of desoxyribose nucleic acid in M/ 
40 barbital buffer (pH 7.4) containing 0.003 M 
of Mg++. Measurements of viscosity were made 
over periods of ten minutes following mixture of 
enzyme and substrate. 

As may be noted from Figure 2 the rate of de- 
polymerization progressively increased with ris- 
ing changes in temperature reaching a maximum 
at 45° C. Above 45° C the rate of enzyme inacti- 
vation exceeded the increased velocity of reaction. 
The activity of the enzyme rapidly fell off as the 
thermal death point of 56° C was approached. 
Temperature inactivation of the enzyme appeared 
to begin above 30° C. 

In Figure 3 the relation of pH to streptodornase 
activity is demonstrated. 

To a 0.2% solution of desoxyribose nucleic acid 
in M/40 sodium barbital containing 0.003 M of 
Mg++, 3% acetic acid was added in different 
amounts in order to obtain solutions of substrate 
varying in pH from 5.2 to 9.0. 0.1 cc. of a 1 : 1000 
dilution of a 5% preparation of concentrate and 
containing 1.8 units of streptodornase was added. 
Measurements of viscosity were made over pe- 
riods of ten minutes in a water bath at 37° C fol- 
lowing the mixture of enzyme and substrate. The 
final pH was checked before and at the end of each 
experiment. 

As may be noted from the data in Figure 3, 
activity was greatest between pH 7.0 and 8.5, 



Fic. 2. The Effect of Temperature on the Depolymerase Activity 

OF Streptodornase 
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Fig. 3, The Effect of pH ox the Depoly.merizatiox of Purified Desoxy- 
RinosE Xuci.Eic Acid by Streptodorxase 


In Figure 4, the results of an experiment are 
summarized that was conducted for the purpose 
of determining whether acid soluble phosphorus 
and acid soluble nitrogen were liberated by the 
action of streptodornase. 

0.2 cc. of a streptococcal concentrate containing 
180 units of streptodornase per cc. was incubated 
at 37° C with 67 cc. of a 0.27^ solution of purified 
desoxyribose nucelic acid (calf thymus } containing 
0.003 of Mg^+ in M/40 barbital liuffer at pH 
7.4. 

From the findings recorded in Figure 4 it may 
be seen that analyses of trichloracetic acid fil- 
trates revealed a progressive lilieration of organic 
acid soluble P and acid solulile N and that the ac- 
tivity continued after depolymerization, as de- 
termined by viscosity measurements, was com- 
pleted. Since no significant increase in inorganic 
P was noted, the rise in total acid soluble P may 
lie interpreted as being entirely dependent on an 
increase in phosphate esters. 

No evidence of deamination was obseiA-ed. 
These findings, coupled with the oliservation of 
marked increases in the e.xtinction coefficient at 
2600 A of trichloracetic acid filtrates of desoxy- 
ribose nucleic acid incubated with streptodornase, 
indicate a lilieration of acid soluble nucleotides. 

A search for inhibitors has been made using a 
wide variety of reagents that might be pertinent to 


the broad problems of this study including the 
possible significance of inactivation in relation to 
the effective treatment of patients. 

The following substances were found to have 
no effect on the depolymerase activity of strepto- 
dornase: salicylate, gentisate, ascorbate, thiourea, 
paraminobenzoic acid, parachlorophenol. oxalate, 
colchicine, and penicillin. In conducting the above 
experiments 0.1 cc. solution of the test reagents 
was mixed with the nucleic acid substrate. 0.1 
cc. of streptodornase solution containing 1 unit of 
enzyme was then added and the rate of depoly- 
merization over a ten minute interval observed. 
The quantities of each reagent employed were es- 
timated as being of sufficient concentration to give 
an indication of an inhibitory effect if such were 
present. Since no evidence of inhibition has been 
found, the observations have not been extended 
beyond the preliminary stages. 

Definite evidence of an inhibitory effect has, 
however, been noted in the use of citrate and 
heparin. 

The results briefly stated are shown in Table I. 

2. The action of streptodornase on the purulent 
exudates of patients, in vivo and in vitro 

Nine patients with empyema have been studied. 
The diseases giving rise to the empyema were 
caused by tuberculosis in four instances, anaerobic 
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Fig. 4. The Effect of Stueptodornase on the Depolymerization and Liberation of Acid 
Soluble Nitrogen and Phosphorus from Purified Desoxyribose Nucleic Acid 


streptococcus in two cases, pneumococcus pneu- 
monia with sterile empyema in two cases, and in- 
fection with B. pyocyancits in one case. 

In the study of each case a sample of pleural ex- 
udate was removed for analyses prior to the in- 
jection. The streptococcal concentrates in 
amounts of fluid varying from 2 to 10 cc. and con- 
taining from 5000 to 50,000 units of streptodornase 
were introduced into the pleural site of the infec- 
tion. Subsequent s])ccimens were removed by 


TABLE 1 

Inhibition of streptodornase depolymerase 
activity by various reagents 


Siih'tancf tested 

Amount in test 

Inhibitiuii 


viSffis. 


S.Tlicyl.Tte 

0.02 

0 


0.2 

10 


2.0 

0 

CiCTui>atc 

0.1 

1 


0.2 

5 


1.0 

0 

rhit'uri-a 

1.0 

1 

Oxalate 

1.0 

0 

Ctilehiciiic 

O.OIl 

0 

I’.traamiliol >en/i>.iti' 

1.0 

0 

I'.irachlo.’'uplietio! 

0.25 

s 

.X'CDrli.Uc 

1.0 

16 

IVnieilliit 

(10, (WO units\ 

19 

I U-p irin 

1.0 

61 

t'itr.ite 

1.0 

S2 


thoracentesis during periods of one or more hours 
in the first day and then usually at daily intervals 
thereafter for the duration of the observations. 

The required dosage of streptodornase in rela- 
tion to the type and amount of pus present in each 
case has not j’et been determined on an exact 
quantitative basis. However, the doses employed, 
usually averaging 20,000 units per dose, have reg- 
ularly proved effective as evidenced by the defini- 
tive changes to be described. 

It may be noted at this j^oint that no serious 
untoward effects occurred in any of the jiatients. 
The reactions were limited to pyrogenic ones of 
a transient nature together with febrile malaise 
such as that previously described (4). A re- 
port of the therapeutic effects of the injections 
together with the clinical details of the course of 
the patients is now in preparation. 

In six cases of empyema measurements were 
made of the liberation of organic acid soluble P 
at the site of the pleural exudation following the 
local introduction of the streptococcal concen- 
trates containing streptodornase. 

Determinations of acid soluble P and N were 
made on the supernatant portion of centrifuged 
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samples of exudate removed at hourly intervals. 
From the data in Figure 5 it may be seen that the 
peak of the rise in liberated P was reached one to 
four hours after the injection. The values then 
returned to the pre-injection level during the next 
24 hours. 

The liberation of acid soluble N was also evi- 
dent coincidental with the rise in P. The acid 
filtrates of the supernatant specimens showed 
marked increases in absorption at 2600 A. Fur- 
ther breakdown to inorganic P or uric acid was 
not demonstrable, as shown in Figure 6. 

Experiments comparable to those just described 
have been conducted, in vitro, by, incubating mix- 
tures of streptodornase and pus, 'and making de- 
terminations of acid soluble P and N liberated into 
the supernatant fluid. The results of such a study 



Fig. 5. The Ltheratiox of Orgaxic Acid Soluble 
Phosphorus into the Supernatant of Pleural Exu- 
dates AT Varying Intervals Following the Local 
Introduction of Streptodornase into the Site of 
Disease in Six P.atients with Empyem.a 



Fig. 6. The Concentration of Uric Acid and In- 
organic Phosphorus of the Supernatant of Pleural 
E.xudates at Varying Intervals Following the Local 
Introduction of Streptodornase into the Site of 
Disease in Patients with Empyema 

are recorded in Table II. The purulent e.xudate 
was obtained from a case of penicillin treated pneu- 
mococcus T 3 'pe II pneumonia who developed a 
sterile empyema. The pH of the fluid was 6.5. 
The sample of pus was divided into three aliquots. 
One aliquot served as control. A second aliquot 
was incubated with a streptococcal concentrate 
previously heated at 56° C for one and one-half 
hours to destro}’ the deso.xyribonuclease present. 
This concentrate still contained considerable strep- 
tokinase. The third aliquot was incubated with 
the unheated streptococcal concentrate containing 
both streptokinase- and deso.xyribonuclease. 

The control e.xudate. and the e.xudate mi.xed 
with concentrate free of streptodornase, liberated 
acid soluble N and P into the supernatant at about 
the same rate. The concentrate containing strejito- 
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TABLE n 


The in vitro effect of slreptodornase on the liberation of acid soluble P and N into the supernatant of a purulent exudate 


ICxpcrtmental 

Streptodor- 
nase added 

Streptoki- 
nase added 

Time of 
incubation 

Acid soluble N 

Total acid 
soluble P 

Inorganic P 

Organic acid 
soluble P 

Total 

Change 

Total 

Change 

Total 

Change 




units 

units 

mifi. 

mgm.% 

ingm.% 

mgm.% 

mgm.% 

mgm.% 

mgm.% 

mgm.% 

mgm.% 

49 cc. pus + 1 cc. M/40 

0 

0 

0 

57.5 

— 

13.0 

— 

9.6 

— 

3.4 

— 

barbital buffer 



180 

75.0 

17.5 

14.9 

1.9 

11.0 

1.4 

3.9 

0.5 

49 cc. pus 4- 1 cc. heated 

0 

10,000 

15 

61.6 

4.1 

13.1 

0.1 

9.9 

0.3 

3.3 

0.0 

streptococcal concentrate 



30 

61.6 

4.1 

13.8 

0.8 

9.8 

0.2 

4.0 

0.6 

in M/40 barbital buffer 



60 

64.0 

6.5 

13.9 

0.9 

10.0 

0.4 

3.9 

0.5 




120 

68.6 

13.1 

13.9 

0.9 

10.4 

0.8 

3.5 

0.1 




180 

68.6 

13.1 

13.8 

0.8 

10.5 

0.9 

3.3 

0.0 

49 cc. pus + 1 cc. strcplo- 

10,000 

50,000 

15 

73.0 

15.5 

21.2 

8.2 

9.5 

0.0 

11.7 

8.3 

coccal concentrate in 



30 

75.0 

17.5 

23.3 ■■ 

10.3 

9.5 

0.0 

13.8 

10.4 

M/40 barbital buffer 



60 

79.6 

22.1 

25.6, 

12.6 

1 9.7 

0.1 

15.9 

12.5 




120 

95.6 

38.1 

28.2 ( 

15.2 

10.2 

0.6 

18.0 

14.6 




180 

106.0 

48.5 

29.2, 

16.2 

,10.5 

0.9 

18.7 

15.3 


dornase produced a striking progressive liberation 
of organic acid soluble P and acid soluble N into 
the supernatant. The liberation of inorganic P 
was at the same rate in all three instances. 

The above data point to the fact that since no 
liberation of inorganic P or uric acid was detec- 
table in the .supernatant portions of the exudates, 



I'n;. 7 . Thk I'.i rrt"! or .STP.Ki>TiMH>i:N'.\SF.. 1 ntraim.el'- 
1 vn V Inucuu. on- thi; \'i>cos!tv or the Peecral 
IN' Nine Ca^es oe ECmevema 
O;'.- j.EHi'.nl va- iujictcd tuico. 


either in vivo or in vitro, the breakdown of the 
nucleoprotein of the exudates probably did not 
proceed further than the nucleotide stage. 

A readily obvious physical change caused by the 
action of streptodornase on the intrapleural puru- 
lent exudates is the transformation of the viscid, 
thick, coarsely granular material to a thin, milky 
type of fluid. Photographs contained in pre- 
vious articles (2, 4) demonstrate the extent of the 
visible change. 

Quantitative estimations of the physical changes 
have been made by determining in the serial sam- 
ples of exudate derived from the patients the de- 
creases in both the per cent of sediment and vis- 
cosity in association with the biochemical changes 
described above. 

Figure 7 demonstrates the efifect of the injection 
on the viscosity of exudates in nine patients. 

The range of fall was from 2—2400 viscosity 
units. Where the initial viscosities were highest 
because of large amounts of extracellular desoxy- 
ribose nucleoprotein, the effect was most striking. 
This correlation will be demonstrated in the sub- 
sequent description of the findings obtained liy the 
use of Feulgen stained preparation. 

The range of the per cent fall in one hour in 
the amount of sediment following injection in 
nine patients is shown in Figure 8. The observa- 
tions were made by centrifuging aliquot parts of 
the serial samples of exudates at approximately 
2500 revolutions per minute for 60 minutes. 

The results arc again closely correlated with 
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hotli the changes in viscosity and the microscopic 
demonstration of the lysis of extracellular desox}'- 
rihose nucleoprotein. 

By the Feulgen method of staining, the presence 
of desoxyribose nucleoprotein has been identified 
microscopically as being present extracellularly in 
considerable abundance. Morphologically it ap- 
pears, as has been previously described (1), in 
the form of small granules, fibrous-like strands, 
and amorphous plaques. Intracellularly, desoxy- 
ribose nucleoprotein is noted as a significant part 
of the nuclei. The extracellular material is ob- 
viously derived from destroyed cells, chiefly from 
the leucoc 3 'tes of the e.xudate and to an undeter- 
mined degree from local fixed tissue cells. From 
the cytological studies, leucocytes in various stages 
of degeneration have also been noted. 

The small granular forms of the desoxyribose 
nucleoprotein have been found to be characteristic 
of the freshest exudates, the reticular and amor- 
phous forms to be present in greatest abundance in 
protracted cases of purulent infection such as tu- 
berculous empyema. 

When the streptococcal concentrates containing 
streptodornase have been introduced intrapleurally 



TIME- HOURS 

Fig. 8. The Effect of STREFTonoRXASE, Ixtrapleu- 
RAI.I.Y IxjECTEn, ON THE PERCENTAGE SEDIMENT OF 
Pi.ECRAi. Exudates in Xine Cases of Empyema 



Fig. 9. Feui.gen Stain of Pleural Exudate As- 
pirated FROM A Patient with a B. pyocyancus Em- 
pyema Immediately Before the Local Injection of 
Streptococcal Concentrate 

The nuclei of the leucocytes, and many extracellular 
granules and fibrous strands take the Feulgen stain. 
X 882. 

into patients and stained preparations made of 
serial samples of the exudate, the rapid and com- 
plete disappearance of the extracellular material 
has been observed. The details of such findings 
in two patients are given in association with the 
descriptions of the accompanying photographs 
which are illustrative of the rapidity and complete- 
ness of the disappearance of the e.xtracellular de- 
sox 3 'ribose nucleoprotein at the site, in vivo, of the 
exudation. 

Figures 9 and 10 depict results obtained in a 
patient with relativeh' recent e.xudation consisting 
chiefl 3 ’ of granules and fibrous strands. Figures 
11—13 illustrate the type of Feulgen staining ma- 
terial in a more protracted case of emp 3 -ema. In 
both instances the injection of streptodornase re- 
sulted in complete disappearance of the extracel- 
lular deso.xyriliose nucleoprotein, within one hour 
in the first patient, and within two hours in the 
second patient. 


1102 


SOL SHERRY, AL'AN JOHNSON, AND WILLIAM S. TILLETT 



I'lG. 10. Fkui-gen Stain of Pi.eurai. Exudate As- 

IMUATEI) FROM THE PATIENT WITH B. pyOCyOHCUS Em- 

I’YEMA, One Hour After the Locai. Injection of 
Streptococcal Concentrate Containing 9000 Units 
OF Streptodornase 

Tlie extracellular matrix has been swept clean of the 
Feulgen staining material. X 882. 

The leucocytes remaining visible in the photo- 
graphs taken following the lytic action represent 
to the greatest extent, cells that have not degen- 
erated and are morphologically undamaged by the 
nuclease. A jirogressive fall in the percentage of 
degenerating cells, as determined by the Feulgen 
stain, was regularly observed for at least 24 hours 
after the injection of the streptococcal concentrate. 
As shown in Figure 14 the effect is greater, the 
larger the percentage of degenerating cells in the 
exudate prior to the injection of the concentrates. 

The effect of streptodornase on motility and 
other functions of leucocytes will he the subject of 
a sejiarate communication. 

SUM MARY 

1. The action of streptodornase contained in the 
''ireptiK'occal concentrates on iniriticd desoxvri- 


bose nucleic acid from calf thymus has been found 
to have the following characteristics : 

a. A linear relationship between enzyme con- 
centration and depolymerase activity. 

b. Temperature inactivation of the enzyme ex- 
ceeds the thermal enhancement of reaction 
velocity aiiove 45° C. Temperature inacti- 
vation is apparent above 30° C. 

c. Depolymerase activity occurs over a wide 
pH range, and is greatest between 7.0 and 
8.5. 

d. In addition to depolymerization, there is a 
progressive liberation of acid soluble P and 
N from the substrate. The liberated P ap- 
pears entirely in the organic form. 

e. Salicylate, gentisate, ascorbate, thiourea, 
paraminobenzoic acid, parachlorophenol, oxa- 
late, colchicine, and penicillin had no signifi- 



I'lr.. 11. Feui.oen Stain of Pi.eurai, Exudate As- 
pir.vtei) from a Patient with a Thick Tuberculous 
IWMI-YEMA, I.M .mediately BeFORK THE LocAL INJECTION 

OF Streptococcal Concentrate 

The nuclei of the leucocytes, and extensive extra- 
cellular amorphous plaque.s and fibrous strands take the 
Feulgen .stain. X 882. 
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Fig. 12. Feulgen Stain of Pleural Exudate Aspirated from the 
Patient with a Thick Tuberculous Empyema, One Hour After 
THE Local Injection of Streptococcal Concentrate Containing 7200 
Units of Streptodornase 

The amorphous plaques and fibrous strands have begun to break up 
and disappear. X 882. 



Fig. 13. Feci.ge.n St.mn of Pleural Exudate .A-spirated from the Patient 
WITH Tuberculous EMpyEM.\, Two Hours After the Local I.njectio.n of 
Streptococcal Concentrate 

The e.vtraccllular matrix has been swept clean of the Feulgen staining material. 
X 882. 
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STUDIES WITH RADIOACTIVE IODIZED FAT. I. PREPARATION 
OF RADIOACTIVE FAT WITH OBSERVATIONS ON THE 
ABSORPTION OF FAT FOLLOWING SUBCUTANEOUS 
AND INTRAPERITONEAL INJECTION IN DOGS ^ 

By ALEXANDER M. RUTENBURG, ARNOLD M. SELIGMAN, and' JACOB FINE 

(From the Kirstein Laboratory for Surgical Research, Beth Israel Hospital, and the 
Department of Surgery, Harvard Medical School, Boston) 

(Received for publication March 14, 1949) 


INTRODUCTION 

The intravenous administration of emulsified 
fat in concentrations suitable for nutritional pur- 
poses is not applicable for clinical use because an 
emulsion stabilizer free of undesirable effects has 
not yet been developed. Pending the availability 
of a satisfactory stabilizer, the possibility of par- 
enteral administration of fat by other routes de- 
serves further exploration. Data reported on the 
absorption and distribution of fat given subcutane- 
ously, intramuscularly and intraperitoneally to 
animals (1-6) are equivocal or conflicting largely 
because of the inadequacy of the quantitative 
analytical methods used. Fat labelled with a 
radioactive element can be traced and measured 
with considerable accuracy. While fat labelled 
with radioactive carbon (O^) (7) or deuterium 
(8) is ideal, the measurement in tissue is more 
difficult than that of fat labelled with radioactive 
iodine. Although iodized fat is unnatural, its di- 
gestion, absorption and metabolic. fate after oral 
and parenteral administration is said to simulate 
closely that of natural fat (9-15). Since iodine 
is liberated relatively slowly from iodized fat 
(16), it should, if radioactive, be useful to fol- 
low the absorption and immediate distribution of 
fat, once it enters the circulation. Accordingly, 
an emulsion of fat labelled with radioactive iodine 
was prepared with Demal 14 * in order to deter- 
mine with reasonable accuracy, ( 1 ) the absorp- 
tion and distribution of fat introduced subcutane- 
ously or intraperitoneally, and (2) the distribu- 
tion of radioactive fat emulsions introduced 
intravenously. This communication presents a 
method for the preparation of radioactive fat, to- 

1 Aided by a grant from the Patrons of Research, Beth 
Israel Hospital, Boston. 

- A preparation of polyglycerol esters provided through 
the courtesy of Emulsol Corp., Chicago. 


gether with data on the absorption of such fat 
from the subcutaneous and intraperitoneal spaces, 
with and without hyaluronidase. In a subsequent 
paper (16), observations on the distribution and 
fate of radioactive fat emulsions injected intra- 
venously are presented. 

EXPERIMENTAL METHODS 
lodination of soya bean oil 

A modification of the method for iodination of vegetable 
oil with iodine monochloride (17) was used for iodina- 
tion of soya bean oil with I“C1. By this method only one 
atom of iodine is incorporated upon halogenation of an 
ethylenic linkage. By using an excess of oil an average 
of 0.46 atoms of iodine was incorporated into each mole- 
cule of fat.® 

Potassium iodide (3.6 gms.) was dissolved in 6.2 cc. 
of distilled water, to which one to tivo molecules of carrier- 
free 1“* (1 cc.) and 2.4 gms. of potassium iodate were 
added. Concentrated hydrochloric acid (7.2 cc.) was 
added slowly with vigorous shaking and stirring. The 
resulting heavy dark precipitate of I“‘C1 slowly redis- 
solved. A small amount of iodine vapor appeared in the 
reaction flask during the procedure. The final solution 
was clear and orange colored. A highly diluted aliquot 
was taken for radioactivity measurement. 

The I‘”C1 solution was cooled to 4-5° C. and added 
in three portions with stirring to a cold solution of 50-55 
gms. of soya bean oil in 100 cc. ether. The mixture 
was mechanically shaken for 60-90 minutes at room tem- 
perature. The color of the aqueous solution was dis- 
charged during this process. The oil-ether solution was 
straw yellow. It was washed once with water and twice 
with 5% sodium sulfite in 0.1 N sodium hydroxide solu- 
tion. It was then washed with water, dilute hydrochloric 
acid, and finally several times with distilled water. The 
combined washings contained 2% of the total radioactiv- 
ity used in the iodination. 

® Pure refined soya bean oil was supplied by E. F. 
Drew & Co., Inc., Boston. It contains 23.7% oleic acid, 
52.0% linoleic acid, 22% linolenic acid and 11.2% pal- 
mitic and stearic acids. The molecular weight of this 
oil is about 876 and each molecule contains approximately 
4.3 double bonds. 
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The ether solution was dried with anhydrous sodium 
sulfate and the ether was removed by distillation under 
nitrogen at reduced pressure and at a temperature be- 
tween 40-50° C. The residual oil was pale yellow. No 
radioactivity due to inorganic iodine could be extracted 
from the oil with sodium sulfite solution after standing 
in the dark for ten days. The yield was 56 gms. In 
several runs 80-90% of the iodine used was incorporated 
in the fat, as determined both by radioactivity measure- 
ments and iodine titration. 

A 10% emulsion of radioactive oil in water was made 
with the aid of “Demal 14” as follows: One part of 
Demal was dissolved in two parts of oil, water was added 
and the entire mixture was blended for 10 minutes in a 
Waring blender and then recirculated in a high pressure 
homogenizer for 60 minutes. Microscopic examination 
revealed the larger fat droplets to be approximately 0.5- 
2.0 micra in diameter.^ 

Radioactivity determination (18, 19) 

Either 2 cc. of blood or 1 cc, of plasma was evaporated 
for 48 hours at 37° C. to dryness in an aluminum cup, 
2 cm. in diameter. In experiments in which tissues were 
analyzed, several one-gram specimens of liver, spleen, 
lung, mesenteric fat, omentum, kidney, intestines, and 
thyroid were removed in thin slices, immediately after 
death by exsanguination, wiped dry of all excess blood, 
and rapidly weighed on a torsion balance. They were 
then spread out in a thin layer in aluminum cups and 
evaporated for 48 hours at 37° C. to dryness. 

A two to four hundredfold dilution of the radioactive 
oil or emulsion which was used for injection was pre- 
pared with non-radioactive oil or emulsion. An aliquot 
of this solution was evaporated with 2 cc. of blood or 
1 cc. of plasma from a normal dog in order to prepare 
a standard approximating the dry weight of the experi- 
mental samples. 

Radioactivity measurements were made on a Tracerlab 
Autoscaler with a Victoreen Geiger tube (bell type with 
end mica window weighing 3.6 gms./cm.-). The tube 
and samples were shielded with 1.5 inches of lead. All 
specimens were at least five times background, unless 
otherwise indicated. 

Radioactivity measurements were calculated for total 
activity circulating in the blood or plasma in per cent 
of total activity injected in the form of oil or emulsion. 
Tissue radioactivity was calculated in terms of radio- 
activity per whole weighed organ or tissue in per cent of 
total activity injected. The standards prepared with nor- 
mal dog blood were used in making these calculations. 
For the purpose of these calculations the skeletal muscle 
was assumed to have 30% (20) and the blood volume 
10% of the body weight. The hematocrit was taken 
as S0%c. 

‘ Acknowledgment is due the Essclen Research Cor- 
poration. Boston, for assistance in the preparation of sev- 
eral of the early emulsions. 


ANIMAL EXPERIMENTS 

Subcutaneous injection of radioactive iodized oil 

Ten cc, of radioactive oil were injected into the 
subcutaneous tissues of the flank in each of two 
dogs. Just prior to the injection of the oil, one 
of these dogs was also given 20 mgs. of hyaluroni- 
dase ® in 25 cc. of saline into the same site. In both 
dogs the injected tissues were massaged to disperse 
the injected material. 

The rate of absorption of radioactive fat into 
the circulation was determined by measuring serial 
blood samples for radioactivity. At no time in 
the following 48 hours was more than 0.25% of 
the total radioactivity injected found in the circu- 
lating blood (Table I). After four to five days 
the sites of injection retained virtually all of the oil 
still unabsorbed. 

TABLE I 

Radioactivity* circulating in the bloody of dogs after the 
subcutaneous injection of 10 cc. radioactive 
iodized soya bean oil 


Dog 

no» 

Oose of 
hyaluro- 
nidase 

t 

1 Hours after injection 

1 

1 

4 

6 

8 

to 

24 

28 

48 

72 

1 

mgs, 

0 

i 

i 

— 

0.14 

0.16 

0.18 

0.2 

0.14 

— 


20 

.08 i 

0.14j 

1 

0.10 

1 

0.10 

0.25 

1 

0.22 

— 

— 

0.30 


* Radioactivity expressed in per cent of total radio- 
activity injected. 

t Blood volume estimated as 10% of body weight. 


Ten cc. per kilogram of body weight of the radio- 
active fat emulsion were injected subcutaneously 
into each of four dogs. In three of these dogs 
5-10 mgs. of hyaluronidase were injected into 
the same site just before injection of the emulsion. 
The tissues were massaged following injection of 
the emulsion. The results were similar to those 
with liquid radioactive oil. At no time during the 
following week was more than 0.5% of the total 
radioactivity injected found in the circulating 
blood (Table II). Analysis for radioactivity of 
the major tissues three to five days after injection 

® Hyaluronidase is said to increase the rate of absorp- 
tion of substances injected subcutaneously (21-24) by 
virtue of the increased surface area made available by its 
hydrolytic action on the hyaluronic acid gel of the con- 
nective tissues. Hyaluronidase was provided through the 
courtesy of Schering Corp. The assay of each milligram 
was 50 turbidity reducing units. 
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TABLE II 


Radiaactivily* circulating in the bloodf of dogs after the subcutaneous injection of radioactive oil emulsion 


Dos 

Dose of 
hyaluro- 
nidase 

Hours after injection 

1 

no. 

m 



8 

12 

16-18 

23-24 

28 

33-36 

48 

54 

72-75 

90 

120 

140 

160 

180 


VltS. 

B 

















3 

10 

0 

0.07 

0.04 

0.10 

0.22 













4 

s 

0.02 1 

0.01 

0.03 

0.06 

0.11 




0.48 

0.39 


0.12 

0.07 



0.25 

0.23 

6 

10 


0.04 


0.08 





0.14 

0.11 

0.12 

0.13 

0.20 

7 

0 


0.02 



0.05 




0.06 

0.14 


0.25 

0.33 

0.28 





* Radioactivity exfjressed in per cent of total radioactivity injected, 
t Blood volume estimated to be 10% of body weight. 


revealed that less than 0.5% of the total radio- 
activity injected was present in all the tissues 
combined. The thyroid gland also contained the 
same low order of radioactivity as other tissues. 
Only a trace of radioactivity was found in the 
feces and urine. The injection site contained 
nearly all of the emulsion. Therefore, neither 
emulsification nor hyaluronidase improved the 
absorption of radioactive fat from the subcutaneous 
tissues. 

Intraperitoneal injection of radioactive iodized oil 

Ten cc. per kilogram body weight of radioactive 
fat emulsion were injected intraperitoneally into 
six dogs. In five of these dogs (Nos. 9, 11-14), 
5-10 mgs. of hyaluronidase in 50 cc. of saline were 
injected intraperitoneally five to 10 minutes prior 
to the administration of the oil. The results are 
summarized in Table III. 

In Dog 10, which did not receive hyaluronidase, 
less than 0.5% of the total radioactivity injected 
was found in the circulating plasma. The same < 
was true in Dogs 11, 12, and 14, which did re- 
ceive hyaluronidase. Dog 11 was first given the 


fat emulsion without hyaluronidase ; but six weeks 
later, he received it again with hyaluronidase. 
The circulating radioactivity was not increased by 
the hyaluronidase. 

In Dogs 9 and 12, by the 12th day after injec- 
tion, 8% and 3% respectively of the total radio- 
activity injected was found in the circulating 
plasma. 

The tissues of Dogs 10, 12, 13 and 14, sacrificed 
12-15 days after injection, failed to reveal any 
radioactivity, except in the peritoneal cavity, which 
was free of any noticeable reaction to the presence 
of the fat or hyaluronidase. 

DISCUSSION 

Our finding of a low order of radioactivity in 
plasma and tissues, including the thyroid, con- 
firm the view that the subcutaneous route is un- 
satisfactory for the parenteral administration of 
fat or fat emulsion. The absorption is too slow 
and is not noticeably accelerated by hyaluronidase, 
which does speed up the absorption of water, elec- 
trolytes, and plasma (24, 25). 


TABLE m 


Radioactivity* circulating in the plasma^ of dogs after the intraperitoneal injection of radioactive oil emulsion 


1 

M 

Days after injection 

\Vt. loss 
or gain 
by the 
nth day 

llil 



I 

2 

2.6 

3 

4 

s 

6 

7 

7.5 

8 

9 

12 

13 

14 

16 

17 

21 

26 























tis. 

9 

5 

0.27 

0.24 

0.24 

1.5 


2.9 

3.2 


5.5 

4.5 


5.2 

7.2 

8.1 

7.7 

7.4 


6.3 

7.2 

0.2 

-8 

10 

0 

0.06 

0.07 

0.08 

0.14 


0.16 

0.16 


0.16 

0.26 


0.21 

0.22 

0.06 

0.04 






•fO.S 

11 

% 

0.09 

0.08 

0.14 

0.27 


0.46 

0.72 

0.76 

0.36 

0.44 





1.38 



1.02 

0.46 

0.21 

-3.5 

tl 

5 



0.08 

0.11 


0,17 

0.14 

0.17 

0.13 


0.13 

0.2 




0.1 





+2 

12 

5 



0.19 

0.40 


0.75 

0.52 

0.43 



1.35 



3.26 

2.7 


1.6 




-7 

13 

10 



0.08 


0.33 


0.43 

0.31 

0.24 



0.19 


0.11 







0 

14 

5 



0.04 

0.05 


0.05 

0.06 

0.07 

0.11 


0.12 


0.17 

0.12 


0.09 





■f2 


* Radioactivity is e.\-pressed in per cent of total radioactivity injected. 
T Flasma volume estimated to be 5% of the body weight. 
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Absorption of fat from the peritoneal cavity 
is also unsatisfactory. In two of the five dogs 
which received hyaluronidase, a relatively high 
level of circulating radioactivity was present from 
the third day up to the 21st (Dog 9), and the 16th 
(Dog 12) day respectively following injection of 
the emulsion. Since injected ionic iodine is rapidly 
excreted (18), the continuous presence of radio- 
active iodine in the plasma of these dogs is due 
either to the continuous slow absorption of the 
iodized fat or to slow liberation of from the 
iodized fat in situ. How much of the circulating 
radioactivity was ionic iodine cannot be stated. 
In another publication (16), data are presented 
showing that 24 hours after intravenous injection 
of emulsified radioactive fat, only 10% of the 
radioactivity in plasma is in the form of ionic 
iodine, while 60% is in the lipid fraction. We did 
not make this fractional determination in Dogs 9 
and 12, but one might postulate a similar distribu- 
tion in these dogs. A possible relationship between 
the nutritional state of the animal and the rate of 
absorption from the peritoneal cavity is suggested, 
since there was a weight loss of 7-8 lbs. in the 
course of the experiment in Dogs 9 and 12, 
whereas Dogs 10, 13, and 14 either maintained 
or gained weight. Dog 11 showed greater ab- 
sorption in the second experiment, in which there 
was a weight loss of 3.5 lbs., than in the first ex- 
periment in which there was a weight gain of 2 lbs. 

Although virtually all the fat injected intraperi- 
toneally remained there at least 16-17 days, in- 
traperitoneal adhesions did not form in dogs which 
received hyaluronidase. Since adhesions have 
been observed from intraperitoneally injected fat 
without hyaluronidase (5), these observations sug- 
gest that this enz 3 mie may be useful to prevent 
adhesions. 

CONCLUSIONS 

A method for preparing radioactive iodized oil 
is described. 

Following subcutaneous or intraperitoneal in- 
jection of emulsions of this oil, absorption was 
slow and nearly all of it remained at the site of 
injection. 

Hyaluronidase did not increase the rate of ab- 
sorption of tagged fat from the subcutaneous or 
peritoneal space. 
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The rate of absorption of emulsified fat labelled 
with radioactive iodine from the subcutaneous 
tissues and the peritoneal cavity in animals is too 
slow to serve as a source of current caloric re- 
quirements (1). Since parenteral administration 
to patients for this purpose would require that the 
fat be given in high concentration intravenously, 
it is necessary to prepare a stable, non-toxic emul- 
sion. This has not yet been accomplished (2-7). 
Pending the availability of such an emulsion, it is 
desirable to study the metabolic fate of fat given 
intravenously. One of the first steps in such a 
study is the distribution of the injected fat. Nu- 
merous studies of fat, tagged with non-radioactive 
iodine, given by vein, fail to agree as to its distri- 
bution (8-19). The conflicting results are in part 
due to variations in particle size and to lack of re- 
liable techniques for determining tissue localization 
and quantitative distribution. 

In this communication, we report the quanti- 
tative tissue distribution of the radioactivity found 
after the intravenous injection into dogs and mice 
of an emulsion of radioactive iodized soya bean 
oil. The oil was labelled with radioactive iodine 
by a technique reported in a preceding paper ( 1 ) . 
It was then prepared as an emulsion as follows : 

Preparation of the emulsion 

Radioactive iodized soya bean oil (1) was emulsified 
in water with the aid of “Demal 14.” - Twenty-five gms. 
of tliis detergent were dissolved in 50 gms. of the oil, 
and the resulting solution was warmed to 80° C. and 
slowly added to 425 cc. of warm distilled water in a 
rotating Waring blender. The blending was continued 
for ten minutes after the oil mi.\-ture had been added. 
The resulting crude emulsion (10%) was then homo- 
genized by recirculation for 60-90 minutes in a two-stage 

1 .‘\ided by a grant from the Patrons of Research, Beth 
Israel Hospital, Boston. 

= A blend of di-tri and higher polyglycerols, partially 
esterificd with oleic acid. Supplied by the Emulsol Corp., 
Qiicngo. Illinois. 


homogenizer at 3300-3500 lbs. of pressure per square inch. 
The temperature rose to 70-85° C. The final product 
appeared blue by reflected light and reddish by trans- 
mitted light, an indication of fine particle size (20). 
On microscopic examination the oil globules ranged from 
approximately 0.5 to 2.0 micra in diameter. The emul- 
sion was stable at room temperature for one to two 
weeks. Since sterilization by autoclaving destroyed the 
emulsion and decreased its pH from 8.0 to 4.3, it was 
passed through a Seitz filter before use. The emulsion 
was found apparently non-toxic and well tolerated when 
given orally and intravenously to mice and dogs. 

ANIMAL EXPERIMENTS 

Intravenous administration in dogs 

Each of eight mongrel dogs (weight range 8-12 
kgs.) was given a single slow intravenous injec- 
tion (1. 2-4.2 cc./kg.) of the emulsion. Venous 
blood samples were drawn at intervals. Two cc. 
of blood or 1 cc. of plasma was used for radioac- 
tivity measurements. Standards consisted of 
highly diluted aliquots of the emulsion, to which 
2 cc. of normal blood or 1 cc. of normal plasma was 
added. The technique of radioactivity measure- 
ment has been described elsewhere ( 1 ) . 

The results, listed in Table I, show that at the 
end of the first hour following injection about 2% 
of the total injected radioactivity was circulating 
in the blood of Dog 8, and about 1 % in the plasma 
of Dogs 8, 20-24. There followed a slow increase, 
so that some 24 hours later the maximum con- 
centration of circulating radioactivity was reached 
(some 3% to 7.5% of the total injected radio- 
activity). This maximum, with some variation, 
persisted for another 24-48 hours and gradually 
declined thereafter. 

Plasma Fractionation Experiments 

The distribution of the circulating radioactivity among 
the plasma components was examined by fractionation of 
plasma specimens drawn from several dogs 24-30 hours 
after injection of the emulsion. 
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TABLE I 


Circulaling radioaclivUy* al various intenals after injection 
of radioactive fat emulsion in dogs 


Dog no. 

8 

i 

1 8 

20 

21 

23 

24 

22 

Specimen 

Blood 

1 Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Plasma 

Volume 

emulsion 

injected 

ujkg. 

4,2 

4.2 i 

1 

1 

1.2 

I 

2.S 

1 

3.1 

3.2 

3.8 

Hours after 


Circulating radioactivity in per cent 


injection 



of total activity injected 


0.25 




0.8 


1 

1.2 

0.50 



1.8 

1.4 

i 

1 

0.9 

0.75 

2.0 

0.7 

0.9 





1 



1.1 

1.1 



1.2 

2 

1.9 

1.1 

1.6 





3 

2.3 

1.3 

2.0 

1.1 



1.7 

5 

2.2 

1.4 

2.1 

1.6 


1.3 

2.6 

7 

2.0 

1.2 






8 



3.6 

3.8 



2.4 

12 

2.2 

1.5 

4.2 

2.4 



3.0 

20 

4.5 

2.7 




3.5 


24-26 

5.5 

3.2 

7.4 

7.0 

6.5 


6.1 

28-30 

4.6 

2.3 

7.5 



3.0 

1 

45-54 

4.4 

1.9 

6.3 

10.5 

7.8 

2.9 


63 

3.6 

2.0 






68-72 

3.1 

1.7 

4.3 

12.4 

7.0 



84-88 


1.7 

2.6 


i 


1 

102 


1.5 






112 


1 

0.7 


1 

1 


120 




9.0 

6.7 



170 



1 


5.2 



216 





4.2 



243 





1.2 



252 





0.2 




* Assuming blood volume to be 10% and plasma vol- 
ume to be 5% of body weight. 


The isolated fractions or their aliquots were transferred 
to aluminum cups (2 cm. in diameter), evaporated to 
dryness and the radioactivity measured (1). The results 
were calculated in per cent of the radioactivity of the 
plasma which was fractionated. 

Four types of fractionation experiments were performed 
as follows: 

Experiment 1. — Analysis of lipoid fractions of plasma by 
alcohol-ether extraction 

Total lipoids and phospholipids were isolated from the 
plasma according to the method of Bloor (21). The 
plasma proteins precipitated by the alcohol-ether mixture 
were also collected. The total protein and phospholipid 
fractions contained only traces of radioactivity, while the 
total lipoids contained 50-65% of the radioactivity. 

Experiment 2. — Analysis of the alcohol-ether extract of 
plasma 

An alcohol-ether (lipoid) extract of plasma -was evap- 
orated to diymess and the lipoids in the residue redis- 
solved in hot petroleum ether. The petroleum ether ex- 
tract contained 609b of the total radioactivity of plasma. 


The residue, after lipoid extraction, was redissolved in 
water. An aliquot of this solution showed that it con- 
tained 20% of the total radioactivity of whole plasma. 

The aqueous solution remaining after extraction with 
alcohol-ether was acidified with nitric acid. Carrier 
sodium iodide and a solution of silver nitrate were added 
in that order. The yellow silver halide precipitate was 
collected, washed thoroughly with water, acetone and 
ether. The radioactivity of this precipitate (i.c., ionic 
iodine) was 9-12% of the total radioactivity (standard 
prepared with the same quantity of silver halide). 

Experiment 3. — Further analysis of the alcohol-ether ex- 
tract of plasma 

A sample of plasma was extracted with alcohol-ether. 
The extract was divided into two portions. These were 
treated as follows: 

(a) Isolation of ionic iodine from alcohol-ether ex- 
tract: 

To one portion nitric acid, carrier sodium iodide, and 
silver nitrate in aqueous solution were added in that 
order. The yellow precipitate was collected, dried, and 
washed thoroughly with ether and petroleum ether. The 
halide fraction contained 25-30% of the radioactivity of 
the alcohol-ether extract. 

(b) Isolation of ionic iodine from lipoid-free alcohol- 
ether extract; 

Another portion was evaporated to dryness and ex- 
tracted with water. Silver halides precipitated from the 
extract contained approximately 10% of the total activity. 

Experiment 4. — Analysis of the protein and lipoid-free 
filtrate of plasma 

Protein was precipitated with sodium tungstate from an 
aliquot of plasma by the method of Folin and Wu (21). 
The filtrate was evaporated to dryness, extracted with 
ether and the residue dissolved in water and filtered. 
Ionic iodine was precipitated with silver nitrate as above. 
The precipitate of silver chloride and silver iodide was 
collected, washed thoroughly with water, acetone, and 
ether, and its radioactivity determined. The protein pre- 
cipitate had no measurable radioactivity. The silver pre- 
cipitate {f.e., presumably the ionic iodine fraction) con- 
tained 15-20% of the activity in plasma. 

The results for fractions extracted by organic solvents 
are somewhat high (error approximately 15%) and those 
for the silver halide precipitates somewhat low (error 
approximately 10-20%), because of differences in the 
dry weights of these samples as compared with standard 
plasma specimens. Corrections were not made for such 
variations in weight except to determine the per cent of 
error given above by suitable control experiments. 

These experiments (Table II) show that 24 
hours after the injection of the emulsion approxi- 
mately 60% of the circulating plasma radioactivity 
was in the total lipoid fraction and approximately 
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injection, the liver, lungs, plasma, muscle and 
spleen, in decreasing order, contained the largest 
fractions of the total radioactivity. Mesenteric 
fat and thyroid showed the lowest radioactivity 
content of all tissues examined. Some 41% of 
the total radioactivity injected was recovered in 
the tissues examined. 

In Dog 24, sacrificed two days after injection, 
only 17% of the total radioactivity injected was 
recovered in these same tissues. The same amount 
was recovered from the same tissues in Dog 21, 
sacrificed five days after injection. In Dog 23, 
sacrificed ten days after injection, only some 2% of 
the amount injected was found in these tissues. 

The spleen, lungs and liver, in decreasing order, 
showed the highest specific radioactivity one day 
after injection (Dog 22). The same was true 
after two days (Dog 24) although a substantial 
decline was obvious in all these organs, while the 
thyroid showed a very large increase in specific 
activity. This was all the more striking after 
five days (Dog 21), The spleen exhibited the 
slowest decline in specific activity. The continu- 
ously very low total and specific radioactivity of 


mesenteric fat is noteworthy. This is all the more 
so, in view of the fact that every other tissue stud- 
ied showed a higher specific activity, at least dur- 
ing the first five days after injection. Ten days 
after injection very little activity was found in any 
of the tissues except the thyroid. 

Specimens of urine were collected at various 
intervals after injection. The total urine collected 
in one of the dogs (Dog 20) during the first eight 
hours following injection contained 2%% of the 
total activity injected. By the third day, the 
specific^ activity of the urine averaged 0;S% in 
all dogs. It remained at that level for the dura- 
tion of the experiment in Dogs 20, 21 and 23. 

B. In Mice 

White stock mice, injected with 0.25 cc. of emul- 
sion via a tail vein, were killed by decapitation at 
specified intervals. Blood collected in heparin 
during decapitation, and various tissue specimens 
taken immediately thereafter, were examined for 
radioactivity. The specific activity of each tissue, 

® Radioactivity in 1 cc. of urine, expressed in per cent 
of the activity circulating at zero time in 1 cc. of plasma. 


PERCENT OF 
RADIOACTIVITY OF 
CiRCyUTtNG BLOOD 
AT ZERO time 



Fig. 1 


TIME CHOURS> 
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PERCENT 
OF TOTAL 
BAOIOACnviTV 
INJECTED 

«« 


RADIOACTIVITY EXCRETED IN URINE AND FECES DURING 
PERIODS INDICATED AT VARIOUS INTERVALS IHRS.) AFTER 
INJECTION OF RADIOACTIVE FAT EMULSION IN PERCENT 
OF TOTAL INJECTED 


□ 



TIME (HOURS) 

Fig. 2 


in per cent of the activity circulating at zero time, 
was determined by a technique previously de- 
scribed (1, 22, 24). This experiment was per- 
formed in three groups of eight to 12 mice each. 

The results of a representative distribution 
study (Figure 1), calculated according to meth- 
ods reported elsewhere (22) are expressed in 
per cent of total activity injected. Errors in ra- 
dioactivity determinations due to differences in 
dry weights of different tissues were not cor- 
rected, but the dry weight of the same tissue in 
different animals was remarkably uniform (22). 

Following injection, the radioactivity disap- 
peared rapidly from the blood. Three hours after 
injection, lung, liver, and spleen showed high levels 
of specific radioactivity, that of lung being ex- 
traordinarily high. 

Twenty-four hours after injection, however, the 
level of radioactivity was highest in spleen, next 
highest in lung, and next in liver. The level in 
spleen increased thereafter, and continued at a 
high level for six to eight days, but that in liver 
and lung slowly declined. The specific activity in 
tliyroid was high, but the cumulative increase with 
time, observed in the dog, did not occur. Intestine 
and fat showed a xcry low level of activity. Brain, 
muscle and skin showed no measurable activity. 

In another group of some 20 male mice, similarly 
injected, specimens of urine and feces were col- 
lected at various intervals after iniection and 


measured for radioactivity. The urine specimens 
were obtained by aspiration of the exposed bladder 
of these mice, sacrificed ten to 24 hours following 
ligature obstruction of the penile urethra (22). 
This was done at varying intervals from zero to 
140 hours after injection. The urine and feces 
were transferred to aluminum cups for evapora- 
tion to dryness and radioactivity determination 
(Figure 2). The radioactivity in urine, which 
was still considerable four to five days after in- 
jection (Figure 2), as already stated above for 
dogs, was presumably in the form of ionic iodine 
cleaved from the fat. The low activity in the feces 
may have been due to a small amount of labelled 
fat excreted into the intestine. 

DISCUSSION 

Other investigators (8-19) have studied the 
immediate distribution of intravenously injected, 
non-radioactive, iodized fat emulsion in dogs and 
rabbits by determining the total iodine content of 
various organs. The injected fat left the blood 
stream rapidly (10, 13) and was retained in part 
by the lungs (9, 18, 19) or by the liver (8, 11, 
12, 14) depending on particle size. Nearly all of 
an emulsion of greater particle size was deposited 
in the lungs (14) while most of an emulsion of 
smaller particle size was deposited in the liver 
(8, 11, 12, 14) or in the spleen (10, 11). Block- 
ade of the reticulo-endothelial system by colloidal 
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silver, according to one investigator, resulted in 
diversion of the fat to the lungs and the liver par- 
enchyma (10), while in similar experiments by 
others (11) such blockade was said to have had 
no effect on the distribution of the injected fat, 
which was reported to be retained by the liver 
( 11 ). 

More reliable indication of the initial distribu- 
tion of intravenously inj'ected fat is 'provided by 
determining the radioactivity of tissues soon after 
inj'ection of radioactive iodized fat. This is so 
because the liberation of iodine from the fat mole- 
cule is relatively slow, as indicated ( 1 ) by the fact 
that iodine, which appears in the urine as soon 
as it is liberated, is not found in the urine in any 
quantity until an hour after the injection of iodized 
fat, and (2) because the urine shows a continu- 
ously high level of radioactivity for five to six days 
after injection of the emulsion. The metabolic 
cleavage of iodine from the fat molecule therefore 
appears to take place gradually and continuously. 

From our data, it is not possible to determine the 
rate of metabolism of the iodinated or deiodinated 
fat. But the data on specific activity of various 
tissues are interesting in respect to this question 
(Table III). The very high specific activity in 
liver, lung and spleen 24 hours after injection 
probably reflects the storage function of the retic- 
ulo-endothelial system for particulate matter. 
Comparison of these data from Dog 24 with those 
of Dog 21 suggest that the spleen and lungs con- 
tinue to act as depots, steadily, though slowly, 
giving up their stores, while the liver loses its 
stores much more rapidly, either by catabolism or 
by delivery to fat depots. The latter destination 
of the fat before deiodination has occurred seems 
unlikely in view of the continuously negligible 
lack of specific activity of mesenteric fat in five 
successive experiments. One may hazard the in- 
ference that fat depots cannot store any but struc- 
turally normal fat or that fat for which there is- 
current need does not participate in the metabolic 
activit}'^ of fat depots. The latter possibility is un- 
likely in view of Schoenheimer and Rittenberg’s 
study of fat labelled with deuterium (25). 

The excretion of radioactivity into the urine, 
beginning within one hour after injection, repre- 
sents ionic iodine liberated continuously over a 
period of several days. 


CONCLUSIONS 

An emulsion of radioactive iodinated fat in- 
jected intravenously in dogs and mice leaves the 
circulation rapidly. , 

Approximately 60 % of the radioactivity still 
present in the circulation 24 hours after injection 
is contained in the lipoid fraction of the plasma 
and 20% in the ionic iodine fraction. 

Immediately after injection, the highest con- 
centration of radioactivity in the tissues of dogs 
is found in the spleen, lung and liver, in that or- 
der, and decreases slowly. In tissues of mice the 
concentration of radioactivity immediately after 
injection is highest in the lungs. There it drops 
rapidly, while the concentration of radioactivity 
in the spleen increases rapidly and remains high 
for six to eight days after injection. 

Iodine is gradually and slowly liberated from 
the iodinated fat and excreted. Iodinated fat is not 
stored in mesenteric fat depots. 
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The principle substances in use to date as indi- 
cators of the extracellular water volume do not 
fulfill the basic requirement of exclusive distribu- 
tion in the extracellular space. 

Sodium is normally present in erythrocytes 
(1-3), striated muscle (4, 5), spinal cord, car- 
tilage and bone (4, 6, 7). Chloride penetrates 
erythrocytes, connective tissue, pyloric mucosa, 
testes, salivary glands and cells of the central 
nervous system (6, 8). Bromide interchanges 
freely with chloride in all tissues except the cen- 
tral nervous system (9, 10) and therefore prob- 
ably shares with chloride the property of cell 
penetration. Thiocyanate is bound to lipid and 
penetrates erythrocytes, gastric mucosa and other 
tissues (7, 11-14) and in bacteremia, spotted fever 
and malaria, and following artificial hyperpyrexia 
thiocyanate space may approach the value for 
total body water (15-17). Apparently, therefore, 
these ions may be used in normal individuals only 
for approximation of the volume of extracellular 
water, and in pathological states altered cellular 
permeability may invalidate even such approxi- 
mate measurements. 

Inulin, -sucrose and mannitol are distributed 
throughout a consistently lower fraction of body 
water than are the electrolytes (18-23). Al- 
though these substances appear to circumvent the 
problem of cell penetration, they raise the question 
of how may plasma-interstitial fluid equilibrium be 
assured in the face of rapid elimination, slow dif- 
fusion, or both? 

Any substance distributed in some fixed frac- 
tion of the body water will approach a uniform or 
equilibrium concentration throughout that com- 
partment under conditions where its rate of in- 
fusion (in milligrams per minute) and its clearance 
or specific rate of removal (in milligrams per min- 

^ Aided by grants from the Gjmmonwealth Fund and 
the U. S. Public Health Service. 

- National Institutes of Health Postdoctorate Research 
Fellow. 


ute per unit plasma concentration) remain constant 
for a sufficiently long period of time. After uni- 
form distribution is attained, if the infusion is 
stopped and the total amount of the substance 
present in the body water is recovered quantita- 
tively in the urine, its volume of distribution is the 
amount recovered divided by the equilibrium 
plasma water concentration. The use of inulin in 
the constant infusion method in dog and man has 
been reported in a preliminary paper (23), and 
more definitive data are available in the dog (24). 
The studies described here were undertaken to 
supplement our preliminary observations and to 
develop a standard constant infusion method for 
the measurement of inulin space in man. 

METHODS 

Twenty-nine studies were carried out in ten normal 
male subjects ranging from 21 to 55 years of age, and 
in five elderly male patients with congestive heart failure ® 
ranging from 45 to 60 years of age. In six of these 
studies a single intravenous injection of 50 to 75 cc. of 
10 per cent inulin was given from a syringe calibrated 
at 20° centigrade with mercury or water at arbitrary 
marks. For the next 24 hours samples of blood and 
serial urine collections were obtained. 

In the remaining 24 studies a priming injection of 
inulin was followed by a constant sustaining infusion for 
1.7 to 30 hours. Assuming a distribution volume of 18 
per cent of body weight, the prime was calculated to yield 
a plasma concentration of 10 to 30 mg. per cent and the 
concentration of sustaining infusion was calculated on an 
assumed filtration rate. Inulin solutions were made up 
in sterile isotonic saline except those for the cardiac 
patients where 5 per cent dextrose in distilled water was 
used. Constancy of the infusion rate in the first five 
studies was maintained by adjusting a Murphy drip 
every five to ten minutes. In all other experiments this 
was achieved with a constant infusion pump. The rate of 


®The five patients with congestive heart failure were 
subjects who had been infused with inulin during the 
course of studies conducted by Dr. David Baldwin, Dr. 
Herman Villareal, and Dr. Jonas Sirota, who kindly 
allowed us to utilize these infusions in order to deter- 
mine the inulin space. 
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infusion used was 1.3 cc, per minute in all normal subjects 
and 0.3 cc. per minute in the cardiac patients. Calibra- 
tion of this pump in successive 15, 30 and 60 minute 
periods revealed variation of less than 1 per cent at the 
higher rate and less than 3 per cent at the lower rate. 

Varying lengths of infusion were utilized in the same 
individual whenever possible in order to determine the 
minimal time for equilibration of plasma water and inter- 
stitial fluid and to observe the reproducibility of the 
measurement of inulin space. 

No preparation of the subject was made other than an 
attempt to maintain adequate and uniform hydration with 
a urine flow of 2 to 4 cc. per minute during the infusion. 
Before the priming injection a control blood and timed 
urine sample were obtained for determination of plasma 
blank concentration, Bo, and the rate of urinary excretion 
of inulinoid blank, UoV, which quantities were subtracted 
respectively from subsequent plasma concentrations and 
from the total inulin excretion during the post-infusion 
recovery period. Two or more blood samples were taken 
during the infusions to ascertain constancy of the plasma 
concentration. Shortly before stopping the infusion, the 
bladder was catheterized and a final blood sample was 
drawn. The bladder was washed well with isotonic 
saline and air. At completion of the wash-out the in- 
fusion was discontinued and all subsequent urine was 
collected in 0.5 to six hour long periods for the next 22 
to 48 hours. In the subjects used for repeated studies 
blood samples were drawn at periodic intervals during 
this post-infusion period so that the decrement in plasma 
concentration with time might be compared in the same 
individual following varying periods of infusion. Blood 
samples were drawn from an antecubital vein using 0.1 
cc. Liquaemin (Hoffmann-La Roche) per 10 cc. of whole 
blood as an anticoagulant. The patients with congestive 
heart failure were given 2 cc. of mercupurin intravenously 
shortly after the infusion was discontinued. 

Our present criterion for equilibrium distribution of 
inulin throughout the extracellular fluid is attainment of 
a maximal and constant volume of distribution as the 
duration of infusion is successively increased in the same 
individual. 

In some subjects, thiocyanate, bromide and Na"‘ spaces 
were also determined by the single injection method. 
Blood samples were drawn after one hour for thiocyanate 
and after three to four hours for bromide and Na"‘ deter- 
minations. Thiocyanate was determined by the method 
of Crandall and Anderson (11) adapted to the Beckman 
Spectrophotometer, model DU. Readings were made at 
a wave length of 460 mM using cuvettes with a light patli 
of 10 mm. Bromide was determined by the method of 
Brodie and Friedman (25), inulin by Harrison’s modi- 
fication (26) of the method of Alving, Rubin and Miller 
(27), and Na’‘ was measured with a Geigcr-Muller 
counter. The plasma concentrations of inulin, thicej-anate, 
bromide and sodium are corrected for a plasma water 
content of 94 per cent and the concentrations of thio- 
cyanate, bromide, and Na*‘ arc corrected for the Donnan 
factor k: for thioc>-anatc and bromide, /b = 1.05 and for 


Na'‘, k = 0.95. No correction was made for plasma pro- 
tein or lipoid binding of thiocyanate. 

Urines were yeasted and precipitated in the same 
manner as the plasma. In some cases urines were 
yeasted both before and after dilution to a U/P ratio 
of 1, in which case the determinations compared within 
2 per cent. Analyses were checked frequently by recov- 
eries of known amounts of inulin added to water and 
plasma. The pH of the plasma filtrate was kept at or 
below 7. 

The rate of excretion of inulinoid blank, UoV, was 
determined in 30 successive one to three hour urine pe- 
riods for eight to 24 hours in four normal subjects at 
urine flows varying from 0.4 cc. per minute to 10 cc. per 
minute, both in the fasting state and during unrestricted 
dietary intake. Blank excretion showed no relation either 
to urine flow or time after eating. The average UoV of 
53 periods including the above, was 0.16 mg. per minute 
with a standard deviation of +0.055 mg. per minute. 
Inulin space errors due to variation in UoV become less 
significant as the equilibrium plasma concentration is 
elevated. In a normal subject with a plasma concentra- 
tion of 30 mg. per cent and an inulin space of 10 liters, 
the average error to be expected from variations in UoV 
during a IS hour recovery period is 1.7 per cent, and the 
error to be expected from complete neglect of UoV is 
4.8 per cent. 

results 

Equilibration Time. The inulin volume of dis- 
tribution was not increased significantly when 
the infusion was extended beyond 4.5, 3.3, 3.8, 7.5 
and seven hours in five normal subjects, respec- 
tively, as compared with a minimal infusion pe- 
riod of 1.7 hours (Table I). In one of these sub- 
jects determinations were made with infusion 
periods varying from 1.7 to 17.5 hours. Inulin 
space increased asymptotically with the duration 
of infusion approaching a limiting value of 13.7 
liters, as calculated by a first order differential 
equation applied to a curve drawn through the 
obser\'ed points (Figure 1). In this subject the 
inulin space after five hours of infusion was 95 
per cent of the limiting value. The curves of de- 
clining plasma concentrations following cessation 
of infusion at 4.5, 5.5 and 17.5 hours were virtually 
superimposable when plotted on the same scale 
(Figure 2). We conclude that for all practical 
purposes plasma-interstitial fluid equilibrium was 
established in this subject by five hours. 

After a single intravenous injection of inulin 
the cun'e of plasma concentration plotted against 
time shows two phases : an early rapid decrement 
followed by a period of more gradual decrement. 
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TABLE I 


Volume of distributioji of imdin, thiocyanate, bromide and radioactive sodium in man 









Volume of distribution 

Subject 

Age 

Date 

Weight 

Duration 
of equili- 
brating 
infusion 

Equilibrium 
inulin con- 
centration in 

Duration 
of urin- 
ary re- 
covery 


■ 


Radio- 

Percentage of body weight 





plasma ^vater 

Inulin 

Bromide 

active 

sodium 

Inulin 

Thiocy 

Bromid( 

Radio- 

active 



umi 









Hli 






sodium 


yrs. 


ks- 

hours 

mg. i)er cent 

hours 

liters 

liters 

liters 

liters 

per ceil 

per cent 

per cent 

per cent 

I.S. 

29 


86.4 

1.7 

16.0 

24 

9.9 




11.4 






11/13/48* 

86.2 

2.8 

32.9 

24 

12.3 


21.4 

22.7 

14.3 


24.8 

26.4 




87.3 

3.3 

16.9 

23 

11.6 




13.3 






9/ 6/48 

86.9 

4.5 

25.8 

22 

12.9 

19.3 



14.9 

22.2 





10/16/48 

86.5 

5.5 

24.1 

36 

13.6 




15.8 






8/24/48 

' 

88.5 

17.5 

13.7 

24 

13.5 




15.3 




D.S. 

21 


72.7 

3.3 

18.3 

26 

12.1 




16.6 






8/28/48 

72.2 

8.3 

22.8 

34 

12.2 

17.4 



16.8 

24.1 





8/11/48 

72.5 

26 

16.1 

28 

12.4 




17.1 




N. F. 

24 

11/ 5/48 

73.3 

3.8 

25.9 

24 

10.4 

15.9 

• 15.1 

19.8 

14.2 

21.6 

20.6 

27.0 



11/12/48 

73.4 

7.0 

28.5 

22 

10.9 




14.9 




G. F. 

51 

9/22/48 

84.5 

4.7 

27.1 

21.5 

12.0 




14.2 






6/24/48 

83.5 

7.5 

22.5 

22.5 

13.2 

18.1 

17.8 


15.8 

21.6 

21.3 




9/29/48 

84.6 

15.3 

22.6 

25 

13.5 

20.7 


22.4 

16.0 

24.5 

26.4 

M. P. 

43 


63.2' 

7.0 

8.64 

12 

10.4 

17.0 

■i 


16.5 

26.8 

■i 





63.0 

17 

18.2 

17 

10.6 




16.8 



D.C 

38 

6/29/48 

63.7 

8.5 

10.6 

12.4 

11.5 

16.1 

B 


18.0 

25.3 

B 


V. s. 

SO 

7/ 7/48 

62.3 

16.5 

4.9 

17 

10. 1 

17.2 

16.0 


16.1 

27.5 

25.7 


J.T.t 

52 

5/12/48 

53.3 

29 

10,3 

23 

16.3 




30.5 




F. Cf 

49 

9/19/48 

61.0 

26 

18.6 

31 

19.0 




31.2 




T. N.f 

67 

10/ 5/48 

62.8 

26.5 

9.8 

48 

24.8 




39.4 




A. D.f 

68 

10/19/48 

60.0 

28 

16.4 

45 

11.5 




18.5 




T. P.t 

60 

11/ 2/48 

70 

30 

8.1 

43 

15.9 




22.7 





* No catheterization, bladder emptied by spontaneous voiding when infusion stopped. 

t Patients with congestive heart failure: J. T., Rheumatic heart disease, + + peripheral edema, enlarged tender liver, 
moist rales at both lung bases. F. C, Rheumatic heart disease, + + + peripheral edema, enlarged tender liver, right 
pleural effusion. T. N., Corpulmonale, + + -1-+ peripheral edema, advanced congestive heart failure. A. D. Arterio- 
sclerotic heart disease, no phcripheral edema, dyspneic, orthopneic, depressed breath sounds and moist rales at both lung 
bases. T. P., Arteriosclerotic heart disease, generalized anasarca on admission to the hospital, digitalized on the ward 
with good response, + edema on 11/3/48 when infusion stopped. 


Two similar phases are seen in the falling curve 
observed after stopping a constant intravenous 
infusion, but the initial period of rapid decrement 
is less prolonged. The duration of this initial 
phase decreases progressively with increasing du- 
rations of infusion until a minimum is reached at 
equilibration time. Following longer periods of 
infusion, the curves are identical (Figure 2). 

Estimation of equilibration time by serial de- 
terminations on the same individual was not 
feasible in patients with congestive heart failure. 


In Patient F. C., who had extensive edema and a 
right pleural effusion, equilibrium between pleural 
fluid and plasma was not achieved 20 hours after 
starting the sustaining infusion. Simultaneous 
pleural fluid and plasma water inulin concentra- 
tions were 13.0 mg. per cent and 17.7 mg. per cent 
respectively. 

Recovery of inulin in urine after single infec- 
tion. When 5 to / gm. of inulin were injected into 
six normal subjects, urinary recovery accounted 
for 98.0, 97 .6, 91.5, 94.4, 98.7, 101 per cent of the 
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TABLE II 


Quantitative urinary recovery of injected inulin 


Subject 

Amount of 

Urine collection 

inulin in- 
jected 

Time after 
injection 

Total amount 
recovered 

Total amount 
injected 


mg» 

hours 

per ctnl 

per cent 

D. S. 

7285 

1.6 

64 




4.6 

87.5 




8.9 

96.5 




18 

99.4 




20 

100 

98.0 

N. F. 

5942 

0.5 

36.8 




1.1 

52.4 




1.7 

63.1 




2.2 

69.0 




4.7 

84.9 




22.3 

99.8 




23.4 

100 

97.6 

D. L. 

2613 

0.6 

37.5 




1.3 

53.6 




1.8 

66.9 




2.5 

74 




4.4 

87.6 




7.3 

96 




10.2 

98.6 




19.4 

99 




25.4 

100 




28.6 

100 

91.5 

I. S. 

5340 

1.4 

65.2 




2.3 

71.8 




3.4 

82.4 




4.4 

87.0 




6.4 

92.0 




9.4 

95.6 




18.5 

98.0 




26.3 

99.0 




31.4 

100 

94.4 

M. R. 

5030 

3.3 

83.6 




5.4 

92.4 




13.4 

99.2 




15.8 

99.5 




24 

100 

98.7 

H. L. 

6280 

24 

100 

101 


amount injected. Over 95 per cent of the total 
amount recovered was excreted in nine hours 
(Table II). 

Recovery time following infusion of inulin. In 
the normal subjects, analysis of the cumulative 
post-infusion recoveries shows that over 95 per 
cent of the ultimate total recovery was collected 
at the end of 12 hours, and over 98 per cent of 
the ultimate recovery was collected at the end of 
15 hours (Figure 3). In the patients with edema 
of congestive failure the quantity of inulin recov- 
ered in 22 to 30 hours was 98 per cent of the ulti- 
mate total amount recovered in 48 to 72 hours. 

Inulin volume of distribution. In the seven 


normal subjects the inulin space ranged from 14 to 
18 per cent of body weight, with an average of 
16.2 per cent. No attempt was made to correlate 
inulin space with body surface area, but it was 
noted that higher values in terms of per cent of 
body weight w'ere obtained in lean individuals. 
Precision of the measurement may be judged by 
the reproducibility of values in repeated determina- 
tions on the same individual. In the five subjects 
in whom long infusions (exceeding five hours) 
were repeated, the largest inulin space difference 
observ'ed in successive measurements was 0.5 
liters and the smallest difference was 0.1 liters. 

Inulin space in five patients with congestive 
heart failure ranged from 18.5 to 39.4 per cent of 
body weight and correlated directly with the de- 
gree of edema, as judged clinically. These val- 
ues, however, may still be low because of failure 
to attain equilibrium despite infusion for 26 to 30 
hours. 

Comparison with other methods. Simultane- 
ous thiocyanate, bromide and Na®* spaces were 
all significantly higher than inulin space (Table 

I). 

DISCUSSION 

That inulin does not penetrate cells seems prob- 
able a priori because of its high molecular weight 
and elongate configuration (28, 29). It does not 
enter erythrocytes (30, 31), bile (21, 32), gas- 
tric juice (31, 32) or cells of the renal tubule (30, 
33), and no enzymes are known to be present in 
man which are capable of hydrolyzing it (30, 33). 
It is neither metabolized nor stored in the body 
as evidenced by its rapid quantitative urinary ex- 
cretion (Table II). Our six urinary recoveries 
of inulin are in accord with the observations of 
others (34-36). 

Our present values for the volume of distri- 
bution of inulin average 16.2 per cent of body 
vveight as compared with significantly higher val- 
ues obtained for the volume of distribution of 
thiocyanate, bromide and Na-‘. The volume of 
distribution of mannitol is estimated to be 16 
per cent of body weight in man when allowance is 
made for the metabolism of this compound (20). 
It appears, therefore, that inulin and mannitol oc- 
cupy some constant fraction of body water which 
is smaller than the fraction occupied by any of the 
electrolytes used for the measurement of extra- 
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HOOfiS 

TIME AFTER STOPPIMG. INFUSION 

Fig. 3. Rate of Ukinary Recovery of Inulin Following Cessation of Inultn Infusion in Eight 

Normal Subjects 


cellular fluid (4, 7-10, 12, 14, 37-40), This 
smaller fraction of the body water conforms better 
with the values to be predicted from recent total 
body water measurements in man (41, 42). For 
these reasons we believe that the volume of distri- 
bution of inulin better approximates the true vol- 
ume of extracellular fluid than the thiocyanate, 
bromide, chloride or Na-'* space. 

A study of the transcapillary movement of inulin 
indicates that the time required to establish equi- 
librium between plasma and interstitial fluid might 
be reduced if a higher priming dose relative to 
the sustaining infusion were used. Berger, Far- 
ber and Earle (43) have pointed to the importance 
of adequately estimating the filtration rate, and 
have shown that only one to one and one-half 
hours are required to achieve constant plasma in- 
ulin levels in normal subjects. Our experience 
confirms this point. It appears, therefore, that 


variations in plasma concentration falling within 
the analytic error are compatible with incomplete 
saturation of remote phases of the interstitial fluid. 

Extracellular fluid expansion increases the time 
required to establish plasma-interstitial fluid equi- 
librium and the time required for recovery of 
inulin in the urine. This constitutes a serious lim- 
itation of the application of the measurement of 
inulin space in edematous states, especially where 
there are large accumulations of pleural or peri- 
toneal fluid into which inulin must diffuse. In 
these cases a similar infusion technique utilizing 
more rapidly diffusible substances may prove to 
be more suitable. 

Failure of equilibration between plasma and 
interstitial fluid may result from variation of the 
filtration rate, the extracellular fluid volume or 
the infusion rate. For example, in Subject D. S. 
a pyrogenic reaction accompanied by an elevated 
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filtration rate was encountered, and the calculated 
inulin space was higher by 1.4 liters than any 
other observation of this subject. Infusion of sa- 
line over long periods of time may alter the filtra- 
tion rate or the extracellular fluid volume ; there- 
fore, 5 per cent dextrose in distilled water is a 
preferable diluent for inulin in prolonged infusions. 

The presence of inulin in the renal tubules, col- 
lecting ducts, pelves and ureters at the moment of 
stopping the infusion results in an error which 
raises the calculated inulin volume of distribution. 
This dead space error varies in the same direction 
as the renal delay time and inversely with the rate 
of urine flow at the time of stopping the infusion; 
however, if urine leaves the renal pelves and 
ureters in intermittent spurts, an assumed relation- 
ship between the renal delay time and rate of urine 
flow may not afford a reliable correction of the 
inulin space in this method. The data presented 
here are not corrected for the renal dead space; 
but during the infusions in our normal subjects 
the urine flow was maintained at 2 to 4 cc. per 
minute in order to minimize this source of error. 
In patients with congestive failure, where the rate 
of urine flow is less than 1 cc. per minute, the 
renal dead space error may increase the calculated 
inulin space considerably. Direct measurement 
of the volume and concentration of the urine con- 
tained in the renal calyces, pelves and ureters of 
a dog accounted for 7.6 per cent of a previously 
determined inulin space. The rate of urine flow 
in this animal at the time the ureters and renal 
blood vessels were ligated was 0.8 cc. per minute 
(31). 

The determination of inulin space in patients 
with edema and oliguria involves both the error 
from failure to effect equilibrium distribution of 
inulin and the error of the renal dead space. Al- 
though these errors tend to cancel each other to 
some degree, it is necessary in such cases to prove 
that plasma and interstitial fluid concentrations 
are the same by anatysis of the edema fluid and 
to minimize the renal dead space error by insti- 
tuting diuresis shortly before the infusion is 
stopped. 

SUMMARY 

1. In normal human subjects after a priming 
dose and a constant intravenous infusion of inulin : 


(a) A period of five hours is sufficient for es- 
sentially homogenous distribution of inulin 
throughout the volume of distribution. 

(b) A period of 12 to 15 hours is required for 
quantitative urinary recovery of the in- 
ulin present in the body after the infusion 
has been discontinued. 

2. The volume of distribution of inulin, de- 
termined by dividing the total amount recovered 
in the urine after stopping the infusion by the con- 
centration in plasma water at equilibrium, averages 
16.2 per cent of body weight. This value is signifi- 
cantly lower than the volumes of distribution of 
thiocyanate, bromide and Na^* determined simul- 
taneously with the inulin space or in successive 
experiments. 

3. Inulin space is reproducible in the same indi- 
vidual with different durations of infusion in ex- 
cess of the minimum infusion time required for 
equilibrium. 

4. The calculated inulin volume of distribution 
in five patients with congestive heart failure ranged 
from 18.5 to 39.4 per cent of body weight and 
correlated qualitatively with the observed degree 
of edema. 

5. Extensions and limitations of the constant 
infusion principle for the determination of ex- 
tracellular fluid volume are discussed. 
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The recent development of methods for the esti- 
mation of the blood flow and metabolism of the 
liver in man has made it possible to investigate the 
role of this organ in the normal and deranged 
metabolic processes of the human being. Previous 
studies have been concerned with the role of the 
liver in the carbohydrate metabolism of the normal 
human being (1). Similar investigations of pa- 
tients with decompensated diabetic ketosis are re- 
ported in the present paper. 

METHODS 

Hepatic venous blood was obtained by a catheter passed 
through the right antecubital vein into a right hepatic 
vein. Blood was drawn from a Cournand needle lying in 
the femoral artery. The hepatic blood flow was esti- 
mated by the bromsulfalein extraction method of Bradley 
et al. (2). The technics of analysis have been discussed 
previously (1). In addition to studies of glucose and 
urea, ketone bodies were determined by the method of 
Weicliselbaum and Somogyi (3). Throughout this paper, 
ketone bodies are expressed as the sum of acetone plus 
acctoacetic acid plus beta-hydroxybutyric acid {i.e., total 
ketone bodies). The standard errors of the various tech- 
nics in our laboratory have been as follows; Glucose, 
+ 1.0 mg. per 100 ml. at a level of 100 mg./lOO ml.; 
urea, ±0.1 mg. per 100 ml. at a level of 30 mg./lOO ml.; 
ketone bodies, ±8.2 mg. per 100 ml. at a level of 100 
mg./ 100 ml. 

After several pretreatment obsen^ation periods, insulin 
was injected intravenously. In one case, an infusion was 
given, at a rate of 1 unit per minute. All other patients 
received 25 or 50 units everj’ 30 minutes. All insulin 
used was Lilly “regular” insulin. Samples were collected 
simultaneously from the femoral arterj’ and the hepatic 
vein at 15 minute inteivals. No glucose was adminis- 

1 Presented at the meeting of the American Society for 
Clinical Investigation, May 3, 1948, Atlantic City, New 
Jersey. 

Part of the data presented in this paper have pre- 
viously been published in abstract form (J. Clin. Invest., 
194S. 27. 526). 


tered during the test. All patients had been fasting for 
at least 18 hours before the beginning of the observations. 
An accurate voided urine was collected for the 180 minute 
period of the experiment, and analyzed for glucose and 
ketone bodies. 

CLINICAL MATERIAL 

Five patients with diabetes mellitus were studied. 
These patients had been well controlled on insulin and a 
diet containing more than 150 grams of carbohydrate 
prior to the study, but had received no insulin for periods 
of 36 to 72 hours before the investigation was begun. 
No disease other than diabetes was evident, and none of 
the subjects were obese. Urine tests for ketone bodies 
were positive in all patients at the time the observations 
were started. 

CALCULATIONS 

The arterio-hepatic venous difference (A-HV) was 
obtained by subtracting the hepatic venous concentration 
from the arterial concentration. A positive value for this 
difference indicates that the splanchnic system was re- 
taining the substance in question. By multiplying A-HV 
by the estimated hepatic blood flow (EHBF), the total 
splanchnic balance could be obtained. The relationship of 
this value to the hepatic balance is discussed below. 

In the case of the ketone bodies, the large standard 
error of the method made it impossible to determine the 
value of A-HV with confidence in a single observation. 
The mean value of A-HV for the entire period was 
estimated by plotting graphically the arterial and hepatic 
venous concentrations against time, and integrating the 
difference with a polar planimeter. It was thus possible 
to obtain the mean difference of several estimations. 

The rate of formation of glucose precursors from pro- 
tein was estimated from the rate of urea production, 
assuming that the synthesis of 1 gram of urea releases 
1.4 grams of glucose. The justification for this assump- 
tion has been discussed previously (1). 

The rate of peripheral utilization of glucose and ketone 
bodies was calculated by subtracting the urinary excre- 
tion from the hepatic output. The caloric equivalents of 
these substances have been estimated by multiplying the 
value for glucose by 4.0 and for ketone bodies by 5.0 
calories per gram. This has been compared with the 
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“normal” basal metabolic requirement obtained from the 
tables of Aub and DuBois. 

RESULTS 

Hepatic blood flow: The mean hepatic blood 
flow appeared to he slightly higher than normal 
(Table I) ; however the difference was not 
significant chiefly because of the wide scatter of 
the values in the diabetic patients. Inspection of 
the table, however, indicates that the estimated 
hepatic blood flow varies directly with the total 
arterial ketone level. The correlation coefficient of 
this relationship is 0.86, and the value of p ® less 
than 0.01. There was no significant relationship 
between the hepatic blood flow and the carbon di- 
oxide combining power (Figure 1 ) . 

Hepatic glucose output in diabetic ketosis: The 
mean rate of glucose release by the splanchnic 
system in this group of patients was 6.9 dr 1-73 
mg./kg-/iiiffi* (Table I). This may be compared 

® P from Fisher’s tables. A significant value is con- 
sidered to be one less than 0.02. All calculations were 
based on the technics for evaluation of small samples. 



Fic. 1. Relationship of Hepatic Blood Flow to 
Arterial Ketone Body Concentration (Left) and 
Carbon Dioxide Combining Power (Right) 


with the value of 3.4 d: 0.7 mg.fkg./mm. in a 
group of normal individuals (1). The difference 
is significant (P less than 0.02). 

It was possible to calculate the amount of glu- 
cose lost in the urine of three of the patients. In 
Table I it may be seen that in all cases the hepatic 


TABLE 1 


Glucose, urea and ketone body production by the liver in diabetic ketosis 


Patient 

Age 

Sex 

Area 

Mr 

Wt. 

kg. 

EHBF 

CO: 

comb. 

power 

Arterial 

ketone 

bodies 

Glucose 

output 

Urea 

output 

Glucose 

from 

protein 

Ketone 

body 

output 

Normal 

BMR 

Glucose 

calories 

i 

Portion 
of normal 
from 
BMR 
glucose 

Ketone 
calories i 

1 

Portion 
of normal 
BMR 
from 
ketone 
bodies 

J. L. G. 

15 

M 

1.35 

38.5 

ml./ 

min./ 

M» 

930 

900 

vol. 

per 

cent 

38.5 

ntg./ 
100 ml. 

mg./ 

min./ 

kg, 

8,1 

mg./ 

min./ 

kg, 

2.70 

per cent 
of total 
glucose 

42.5 

mg./ 

min./ 

kg. 

cat./ 

min./ 

.766 

mtn./ 

Mq 

.926 

1 

1 

Per cent 

121 

mm./ 

Mn 

per cent 

J. P- 

21 

F 

1.53 

55.0 

2040 

21.5 

162.0 

13.1 

2.70 

29.2 

\ 

.616 

1.889 

306 



W. B. 

1 

16 

M 

1.39 

*43.4 

894 

842 

37.2 

90.6 

3.8 

0.32 

11.8 

1 

: 3.1 

.743 

i 

; .311 

42 

.479 

58 

J. W. 

51 1 
M 

1.72! 

67.0 

956 

1095 

22.5! 

137.7 

4.6 

0.51 

8.2 

4.0 

I .623 

.479 

77 

.779 

118 

J. W. C. 

24 

M 

1.75 

61.2 

526 

430 

482 


27.1 

4.7 

0.52 

14.1 i 

0.12 

.658 

.444 

67 

.016 

2 

Mean 

St. error 

■ 

I 

910 

145 

■ 

m 

6.9 

1.73 

1.35 

o.ss 

21.2 

6.4 



.810 

.289 



i 

Normal 
mean* 
St, error 


1 

851 
, 71 


■ 

■ 

0.21 

0.05 

7.3 

1.0 



.459 

.094 




P 

■ 

■ 

>0.50 

I 

IB 

<0.02 





>0.10 


1 

1 


• From previously reported nornaal human subjects (1). 

t Total hepatic output, less loss in urine. This is equivalent to peripheral utilization. 
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output was sufficient to account for the entire uri- 
nary glucose loss, and also to supply from 42% 
to 77% of the normal basal energy requirement. 

Urea production in diabetic ketosis: The rate 
of formation of urea in the five diabetic patients 
averaged 1.35 .55 mg./kg./min, as compared 

with 0.21 ± 0.05 mg./kg./min. in the normal hu- 
man being (1), a significant difference. 

The increased rate of urea formation reflects 
an increased rate of protein catabolism, which 
contributes to the glucose produced by the liver. 
The calculated amount of glucose produced from 
protein in the diabetics ranged from 8.2% to 42% 
of the total hepatic glucose output, with a mean of 
21.2 rt 6.4%. In normal fasting human beings, 
the mean conversion percentage was 7,3 rt 1.0% 


(1). The difference is significant. No relation- 
ship could be established between the rate of pro- 
tein breakdown and the hepatic blood flow, the 
arterial ketone body level, the arterial glucose level 
or the carbon dioxide combining power. 

Hepatic ketone body production in diabetic 
ketosis: The output of ketone bodies by the 
splanchnic system varied from 0.12 to 4.0 mg./kg./ 
min. After subtracting the urinary ketone body 
loss, these substances were found to supply a ca- 
loric equivalent to the peripheral tissues of from 
2% to 118% of the calculated total basal metabolic 
requirement (Table I). 

The effect of insulin on the carbohydrate metab- 
olism in diabetic ketosis: The protocols of the 
five patients during treatment are shown in Table 


TABLE n 


Effect of insulin on the splanchnic glucose balance in decompensated- diabetic patients 


Patient 

Pretreatment 

IS Minutes 

30 Minutes 

1 

45 Minutes 

A 

HV 

EHBF 

Balance 

m 

HV 

EHBF 

! Balance 

1 

A 

HV 

EHBF| 

Balance j 

A 





m./ 

ms./ 

ml./ 

1 mg./ 

! mg./ 

mg./ 

1 ml./ 

! mg./ 

mg./ 

mg./ 

Vil./ 

mg./ 

mg./ 

mg./ 

ml./ 

mg./ 


100 ml. 

100 ml. 


min. 

100 ml. 

100 ml. 

min. 

1 min. 

100 ml. 

100 ml. 

min. 

7nin. 

100 tnl. 

100 ml. 

min. 

min. 

J. L. G. 

313 

330 

1255 

-219 

248 

277 

1215 

-474 

220 

245 

1340 

-335 

202 j 

218 

1132 I 

-182 


285 

331 

1255 

-576 














310 

322 

1215 

-148=^ 













J. P. 

436 

466 

3120 

-718t 

424 

448 

1865 

-485 

390 

420 

1470 

-442t 

364 

367 

1222 

-37 

W. B. 

241 

255 

1170 


239 

242 

1292 j 

-40 

212 

224 

1274 

-153t 

186 1 

202 

1200 

-192§ 

J. w. 

610 

646 

1640 

-591 

572 

628 

1950 

-1092 

550 

603 

2820 

-1495t 

466 

487 

2184 

-458 


651 

630 

iraia 

-1-163 














626 

652 

1885 












i 


J. w. c. 

416 

432 

1612 

-258 

408 

412 ^ 

1205 

-48 

362 

357 

1178 

+m 

1 310 

313 

1224 

-37 


450 

474 

1318 

-3l7t 









1 

1 





TABLE II, Continued 


patient 

60 Minutes 

75 Minutes 

90 Minutes 


n 

HV 

EHBF 

Balance 

B 

HV 

EHBF 

Balance 

A 

HV 

EHBF 

Balance 

J. L. G. 

mg./ 
100 ml. 

196 

mg./ 
100 ml. 

183 

ml,/ 

min. 

2430 

mg./ 

min, 

-327 

mg./ 
100 ml. 

158 

mg./ 
too ml. 

165 

ml./ 

min. 

2430 

mg./min. 

-170 

mg./ 
200 ml. 

mg./ 
100 ml. 

ml./ 

min. 

mg./ 

min. 

J. P. 

342 

340 

1251 

-f-25 

332 

329 

1251 

-b38 

324 

291 

1251 

-f-413 

\V. B. 

164 

164 ' 

1920 ‘ 

0 

142 

147 

1920 

-96 

141 

131 j 

1920 

-fl92 

J. W. 

483 

476 

1730 

+ 121t 

491 

484 

2322 

-fl63 

402 

393 

2322 

-f-209 

J. C. 

282 

265 

1278 

-f215t 

248 

243 

1467 

-b74 

1 

227 

217 

1467 

-fl47 


* .After this obser\'ation, a clysjs of insulin, 1 unit/minute was given intravenously, 
t .After this observation, 50 units of insulin were given intravenously. 

4 .After this observation, 25 units of insulin were given intravenously. 

5 .At this time, the pauent received 50 ml. of water by mouth. 
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TABLE in 


Arterial, hepatic venous and arterio-venous differences of urea following treatment of diabetic ketosis with insulin 

{ingflOO ml.) 


Patient 

Pretreatment 

IS Minutes 

30 Minutes 

45 Minutes 

60 Minutes 

75 Minutes 

90 Minutes 


A 

HV 

A- 

HV 

A 

HV 

A- 

HV 

A 

HV 

A- 

HV 

A 

HV 

A- 

HV 

1 

A 

1 

HV 

1 

A- 
1 HV 

1 

A 

! 

HV 

A- 

HV 

A 

HV 

A- 

HV 

J. L. G. 

40.4 

30.0 

38.0 

43.1 

38.6 

3S.4 

-2.7 

-8.6 

-2.6» 

33.9 

35.8 

-1.9 

32.9 

33.2 

-0.3 

32J 

31.0 

+1.3 

i 

30.8 

29.1 

+1.7 

29.3 

27.9 

+2.4 




J. P. 

44.8 

49.6 

-4.8t 

45.5 

47.6 

-2.1 

44.8 

50.0 

-S.2t 

44.5 

47.2 

-2.7 

44.6 

47,3 

-2.7 

40.8 

45.2 

- 4 , 4 ! 

44,8 

42.8 

+2.0 

W. B. 

34.1 

35.2 

-l.lt 

30.8 

32.5 

-1.7 

28.9 

31.6 

-2.7t 

29.3: 

31.5 

-2.25 

30.5 

30.3 J 

-0.2 

29,3 J 

29.7 

-0.4 

28.9 

28.1 

+0.8 

J.W. 

8S.fi 

87.8 

86.6 

89.4 

88.4 
88.4 

-0.8 

-0.6 

-1.8t 

87.0 

88.4 

-1.4 

86.6 

86.2 1 

1 

+0.4t| 

89.8: 

i 

87.8 

1 

+2.0 

87.2 

85.4 

! 

+1.8t 

85,6: 

84.0 

+1.6' 

81.6 

86.S 

-4.0 

J. w. c. 

36,2 

37.4 

38.2 

37.8 

-2.0 

-0.4t 

34.6 

37.2 

-2,6 

34.8 

34.6 

-0.2{ 

33.4 

33.4 

0.0 

32.6 

33.2 

-0.6t 

30.2 

31.8 

-1.6 

29.8 

30.8 

“LO 


* After this observation, a clysis of insulin, 1 unit/minute, was given intravenously, 
t After this observation, SO units of insulin were given intravenously, 
t After this observation, 2S units of insulin were given intravenously. 

§ At this time, the patient received 50 ml. of water by mouth. 


II. Within IS minutes after the first injection 
of insulin a decrease in the arterial glucose level 
occurred. The decline was maintained throughout 
the entire treatment period, except in the case 
of J. W., after 45 minutes, and W. B., after 75 
minutes. In the latter case, no insulin had been 
administered for 45 minutes when the arterial 
concentration of glucose levelled off. 

In all cases except one, the splanchnic glucose 
balance remained negative, i.e., the liver con- 
tinued to pour out glucose into the circulation, un- 
til at least 45 minutes after the beginning of 
therapy. In the case of J. W. C., a temporary 
positive balance was established at 30 minutes. 
This patient had very mild ketosis, sho^Yn by a 
total arterial ketone body level of only 27 mg./lOO 
ml. 

In tivo cases (W. B. and J. W.), there was a 
temporary increase in the rate of glucose produc- 
tion shortly after the institution of insulin therapy. 

The effect of insulin on the ketone body metabo- 
lism in diabetic ketosis: The ketone body level in 
the blood fell during treatment with insulin. The 
inaccuracies of the analytical method used make 
it impossible to ascertain the role played by the 
liver in this decline. 

The effect of insulin on the urea metabolism in 
diabetic ketosis: Before treatment, all patients 
had negative values for A-HV, indicating that the 
splanchnic system was adding urea to the blood. 
In each instance, as treatment progressed, at least 
one observation was made in which A-HV was 


positive (Table III) . It was not possible to cor- 
relate this occurrence with the status of the glucose 
balance, although in two patients, the urea and 
glucose balance patterns were nearly parallel (J. 
L. G. and J. P.). The significance of this ap- 
parent retention of urea by the splanchnic system 
is discussed below. 

DISCUSSION 

The hepatic venous catheter technic permits one 
to estimate the metabolism of the entire splanchnic 
system. Since it is impossible at present to obtain 
portal blood from the intact human subject, it is 
not feasible to separate the activity of the liver 
from that of the extra-hepatic splanchnic organs. 
It is possible, however, to predict in some degree 
the direction and magnitude of the error which 
is introduced if one assumes that the splanchnic 
metabolism is equivalent to that of the liver. 

It has previously been shown (1) that in the 
normal human subject, the error introduced by 
lack of data pertaining to portal glucose concentra- 
tion is small under basal conditions. Because of 
the utilization of part of the glucose traversing the 
digestive organs and the spleen, there is a tend- 
ency to minimize the apparent amount of glucose 
contributed to the circulation by the liver. In the 
diabetic individual, however, the uptake of glu- 
cose by most tissues is reduced (4). This would 
decrease the magnitude of the error. In diabetic 
dogs, for example, the portal venous glucose con- 
centration has been observ-ed to be 3 mg./lOO ml. 
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lower than the arterial, at an arterial concentration 
of 336 lug./lOO ml. (5). This small difference 
could not be observed by the methods used for the 
present study. For the uncontrolled diabetic pa- 
tient, therefore, splanchnic and hepatic glucose 
balances are probably essentially the same. 

After increasing the utilization of glucose, by 
the administration of insulin, the hepatic and 
splanchnic balances can no longer be considered 
equivalent. As in the case of the normal subject, 
however, the error will always tend to minimize 
the glucose contribution of the liver. No data are 
available from which the magnitude of this effect 
can be estimated. The terms “splanchnic” and 
“hepatic” may therefore be used interchangeably 
in speaking of the glucose metabolism of the un- 
treated diabetic, but the results of observations by 
the liver catheter technic after the administration of 
insulin must be considered only as reflections of 
the glucose metabolism of the entire splanchnic 
system. 

The extra-hepatic splanchnic organs neither 
utilize nor produce urea. It is, however, impos- 
sible to estimate the amounts of urea which may 
be withdrawn from the blood and released into 
the intestinal tract in the bile, gastric, pancreatic 
and intestinal juices. This loss of urea into the 
gut may explain the apparent retention of urea by 
the splanchnic system in the treated diabetic pa- 
tient. It should be noted, however, that the 
digestive juices contain urea in a concentration 
approximating that of the blood (6), The secre- 
tion of these juices would not, therefore, be ex- 
pected to alter the concentration of urea in the 
blood traversing the splanchnic system. 

The apparent splanchnic urea balance might also 
be altered by dilution of the blood passing through 
the gut, cither by absorption of ingested water or 
by release of water formed by the oxidation of 
hydrogen-containing foodstuffs. The first source 
was eliminated by examining the patients in a 
post-absorptive state. In one instance, a patient 
received a drink of water by mistake during the 
procedure. A definite depression of the hepatic 
venous urea level occurred in the next specimen 
(Table III, W. B., 60 minutes). 

Water of oxidation is not sufficient to produce 
a perceptible alteration of hepatic venous concen- 
tration. The splanchnic oxidation of 180 mg. of 
glucose per minute (0,72 calories, equivalent to 


about one-half of the basal metabolic requirement) 
would reduce the hepatic venous urea concentra- 
tion by only about 0.1 mg./lOO ml., a difference 
within the error of the method of determination. 

Although the quantitative relationships between 
the splanchnic balance and the hepatic balance of 
the substances studied is somewhat complicated, 
it should be emphasized that the chief cause of the 
alterations observed in the splanchnic balance is 
the activity of the liver. 

The large error of the method for determining 
ketone bodies prevented the estimation of the 
small A-HV differences directly, and therefore 
no attempt was made to draw conclusions about 
the hepatic or splanchnic balances in short obser- 
vations in the present study. Considerable con- 
servatism should be exercised even with regard 
to the estimation of A-HV by planimetric meth- 
ods. The results obtained in this manner are prob- 
ably of the right order of magnitude, but cannot 
be considered as reliable as the glucose or urea 
determinations. 

In spite of the small number of observations, 
a significant direct correlation has been found 
between the hepatic blood flow and the arterial 
ketone body level. It is not possible to determine 
whether the elevated ketone body concentration 
causes the increased blood flow, or whether both 
reflect some more basic derangement. This ob- 
servation is consistent with the findings of How- 
arth, McMichael and Sharpey-Schafer (7) that in 
severe diabetic acidosis the cardiac output is nor- 
mal or increased, and the peripheral vascular re- 
sistance is diminished. It is possible that the en-. 
hanced hepatic blood flow merely reflects the re- 
duced vascular resistance of the extra-hepatic com- 
ponents of the splanchnic system. In view of the 
increased liver oxygen requirement for carrying 
on deamination and ketone body formation, how- 
ever, it seems probable that the augmented hepatic 
blood flow is of importance in supplying oxygen 
needed for the pathologic metabolic activities. 

The small number of observations probably ac- 
counts for the fact that the correlation between 
hepatic blood flow and the carbon dioxide com- 
bining power was not significant. 

Calculation of the glucose balance showed a 
higher rate of release from the liver of the un- 
treated diabetic patient than the normal human 
being. This finding is somewhat more definite 
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than the findings of Crandall and Lipscomb (8) 
in dogs. These authors found that pancreatecto- 
mized dogs released more glucose from their livers 
than did normal dogs, but the increase was not 
significant statistically. The apparent difference 
between the results in humans and dogs may be 
caused in part by the very high value of EHBF 
in patient J. P. 

It has frequently been shown that the rate of 
peripheral glucose utilization is increased when 
the blood glucose level is raised (9). In spite of 
the high dextrose concentrations found in the dia- 
betic patients, however, carbohydrate utilization 
was not increased as compared to normal subjects 
previously studied by the same technic ( 1 ) . These 
data, therefore, indicate an increased hepatic glu- 
cose output and a relative under-utilization of 
carbohydrate in the decompensated human dia- 
betic patient. It seems probable that the increased 
arterial glucose level, made possible in part by the 
high rate of glucose release by the liver, permits 
the diabetic tissues to utilize normal quantities of 
glucose. 

It has been shown in diabetic human beings (10) 
and in animals made diabetic by pancreatectomy 
(11) or by alloxan (12) that the liver glycogen 
is usually decreased when the subjects are in severe 
ketosis. The increased glucose output could not, 
therefore, be explained merely on the basis of in- 
creased glycogenolysis. It can, however, be ac- 
counted for almost entirely by increased proteoly- 
sis. The finding of increased urea production and 
protein breakdown by the decompensated diabetic 
liver agrees with the findings of others by means 
of balance studies in man (13) and in animals 
(14). The increased formation of glucose ac- 
companied by an increased rate of urea formation 
is consistent with Stetten’s observations (15) 
that in alloxan-diabetic rats or rabbits there is a 
normal or increased rate of glycogen formation 
from substances smaller than hexose. In our pa- 
tients, it appears that an increased availability of 
such glucose precursors occurred as a result of 
the deamination of amino acids in the liver. 
The resulting nitrogen-free fragments of amino 
acids appear to have been incorporated into carbo- 
hydrate and to' account in large part for the in- 
creased glucose production. 

Ketone bodies were also found to contribute to 
the metabolic pattern of the decompensated dia- 


betic patient. As might have been anticipated, the 
percentage of the metabolic needs supplied by 
ketone bodies was proportional to the degree of 
ketosis. 

The metabolic pattern presented in Table I is 
expressed in terms of percentage of normal basal 
metabolic rate supplied by glucose and by ketone 
bodies. In each case, except that of J. W. C., the 
mildest case, these percentages add up to more than 
100%. This is probably chiefly because patients 
in diabetic ketosis are not in a basal condition. 
It should also be emphasized that the fact that a 
material is being retained by the tissues does not 
necessarily mean that it is immediately being used 
for the production of energy. It is not' possible 
by the technics used to estimate the importance 
of substances previously stored as fat, muscle gly- 
cogen, etc., in supplying the metabolic require- 
ments of the organism. Moreover, the actual 
metabolic rate was not determined in these patients 
at the time of observation. The percentages pre- 
sented, therefore, do not reflect the portion of the 
actual metabolic needs supplied by each of the 
components. 

Presumably, the glucose retention following the 
injection of insulin reflects the formation of gly- 
cogen by the liver, although an enhanced forma- 
tion of fat in the liver and viscera probably also 
takes place. The effect of the extra-hepatic vis- 
cera, as mentioned above, is to cause an apparent 
increase in the retention of glucose by the splanch- 
nic system. The delay in the retention of glucose 
by the splanchnic viscera is therefore shortened 
by the effect of the activity of the extra-hepatic 
splanchnic system. The apparent delay of one 
hour before glucose was retained by the splanchnic 
system therefore implies that an even longer time 
was necessary before the liver began to retain 
glucose. Direct observations of the liver gly- 
cogen of diabetic patients (10) have shown that 
after treatment with insulin the glycogen concen- 
tration increases slowly at first and accelerates as 
therapy proceeds. This is consistent with the ob- 
ser%'ations in the present series of patients. 

In two patients, there was actually a considerable 
increase in the rate of release of glucose by the 
liver after the administration of insulin. The pres- 
ence of glycogenoljtic substances in commercial 
insulin has recently been emphasized (16). The 
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effect noted in these patients may have been due 
to the presence of this material in the insulin. 

After the administration of insulin, there was a 
decrease in the rate of urea formation until all pa- 
tients, at one time or another, had a positive 
splanchnic balance. As discussed above, some 
part of this retention of urea may have been arti- 
fact. In certain instances, however, the retention 
was of such magnitude that this effect seems in- 
sufficient to account for them (Table III, J. L. G., 
45, 60, and 75 minutes; J. W., 45, 60, 75 minutes; 
J. P., 90 minutes). One is therefore tempted to 
consider the possibility that urea may have re- 
entered the body economy of these patients. 
Schoenheimer (17) has shown that in normal fed 
rats 96% of orally administered nitrogen-labeled 
urea is recovered unchanged in the urine. Leifer 
et al. (18), however, have shown that up to 20% 
of the radioactivity of injected carbon-labeled 
urea may be recovered in the expired carbon diox- 
ide within three hours. Certainly the period of 
recovery from diabetic acidosis should be one of 
the best times to see any anabolic activity of urea 
which is perceptible by ordinary chemical methods 
of study. The effect of insulin on protein metab- 
olism, in any case, appears to be dramatic. The in- 
hibition of hepatic urea formation occurs so 
early that it preceded or paralleled the carbohy- 
drate effects in all cases. J. L. G., for example, 
had a positive splanchnic urea balance after 45 
minutes of treatment, but did not begin to retain 
glucose even after 75 minutes. 

SUMMARY 

Five patients with uncontrolled diabetes mellitus 
have been studied by the liver catheterization 
technic. There was an increased rate of splanch- 
nic glucose and urea production as compared with 
normal subjects. As the arterial ketone body 
concentration rose, the hepatic blood flow also 
increased. There was a normal rate of utilization 
of glucose in the peripheral tissues. Ketone bodies 
were also utilized. 

After the admimstratfon of insulin, the arterial 
glucose level fell and the rate of splanchnic glu- 
cose production decreased. After latent periods 
of from 45 to more than 75 minutes, the splanch- 
nic system began to retain glucose, presumably 
chiefly as glycogen. In two instances, there was 
a considerable temporaiy increase in hepatic glu- 


cose production immediately after the injection of 
insulin. This may have been due to the effect of 
the insulin glycogenolytic factor. 

The rate of urea production was rapidly re- 
duced by insulin. In all instances, the splanchnic 
system retained urea for one or more experimental 
periods while under the influence of insulin. This 
effect occurred at least as rapidly as the effects 
on carbohydrate metabolism. 
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The measurement of the volume of blood con- 
tained within the vessels of the lungs has excited 
considerable interest for many years. A direct 
method of measurement by clamping the pulmo- 
nary vessels, removing the lungs and determining 
the amount of hemoglobin contained therein has 
been used on laboratory animals (1). A method 
that is applicable to intact animals and to human 
beings was developed by Stewart (2), using the 
TV 

formula Q = where V represents the minute 

volume of the heart, Q the volume of the blood 
in the lungs and T the mean pulmonary circulation 
time in seconds. By measuring V and T, Stewart 
found that the average pulmonary blood volume 
(O in a group of dogs amounted to 16 per cent 
of the total blood volume. 

Blumbart and Weiss (3) determined the pul- 
monary circulation time in normal human subjects 
using an active deposit of radium. The material 
was injected into an antecubital vein of one arm 
and the time of arrival in the right heart and the 
brachial arter}’- was noted. The term “crude pul- 
monary circulation time” was used to refer to the 
difference between the time of arrival of the ra- 
dium in the right heart on the one hand, and the 
time of its arrival in the brachial artery on the 
other. From the “crude pulmonary circulation 
time” and the cardiac output the pulmonary blood 
volume was estimated. 

The assumption was made both by Stewart (2) 

^ Published with permission of the Chief Medical 
Director, Veterans Administration, who assumes no re- 
sponsibility for the opinions expressed or conclusions 
drawn by the authors. 

- Presented in part at a meeting of The American 
Society for Clinical Investigation in .'\tlantic City, N. J., 
May 3, 194S. 


and by Blumgart and Weiss (4) that the most 
rapid circulation time does not differ significantly 
from the mean circulation time. Hamilton, Moore, 
Kinsman, and Spurling (5) measured the dye con- 
centration in serial samples of blood obtained from 
the femoral artery immediately after the injection 
of a dye into a peripheral vein. When the con- 
centration of dye in each sample was plotted against 
the time of collection of the sample, a character- 
istic curve was obtained which demonstrated that 
the mean circulation time differs considerably 
from the most rapid circulation time. By studies 
on artificial models they also validated Stewart’s 
method for determining pulmonary blood volume. 
In addition, they developed a method of esti- 
mating the cardiac output from the concentra- 
tion curve of the dye. By determining the mean 
circulation time (from a peripheral vein to the 
femoral artery) and the cardiac output, the volume 
of blood between the points of introduction and 
removal of dye was calculated from Stewart’s 
formula. 

The rate of peripheral venous flow is variable 
(3) and introduces considerable inaccuracy in the 
estimation of pulmonary blood volume by the 
method of Hamilton et al. (5). The direct in- 
jection of dye into the pulmonary artery through 
a catheter obviates this difficulty by eliminating 
the circulation time from the peripheral vein to 
the pulmonary artery. Catheterization of the pul- 
monary artery also permits accurate determination 
of the cardiac output (6, 7). 

METHOD 

Thirteen normal fasting male adults between the ages 
of 30 and 40 were studied. One was eliminated from 
the series because of the development of marked anxiety 
during the procedure resulting in an extremely high car- 
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diac output. The subjects were either physicians or lab- 
oratory workers. A No. 8F or No. 9F catheter was 
introduced into the pulmonary artery by the method of 
Cournand, and a No. 18 needle with stylet was inserted 
into the femoral artery (8). The oxygen consumption 
was measured with a closed circuit spirometer and sam- 
ples were drawn from the pulmonary artery and femoral 
artery' for the determination of oxygen content by the 
method of Van Slykc and Neill (9). Immediately there- 
after, 5 cc. of a solution of the dye T-1824 containing 300 
mg. of dye per 100 cc. were introduced as rapidly as 
possible through the catheter into the pulmonary artery, 
the average time required for the injection of the dye 
being 0.8 seconds. Time intervals were recorded on a 
direct writing electric kymograph by an assistant. In 
order to permit more accurate timing of the initial ap- 
pearance of the dye in the circulation, 1 cc. of the dye 
was introduced into the catheter before beginning the 
injection.® Consecutive samples of blood were collected. 

For the determination of the dye curve, the serum was 
separated and 0.1 cc. was diluted with 2 cc. of saline 
solution. The dye concentration was then determined in 
the Evelyn photoelectric micro-colorimeter using a con- 

® The No. 9F catheter contains a volume of about 1.8 cc. 
from the femoral artery in small glass tubes which were 
arranged in series in a wooden rack. The blood spurting 
from the needle was allowed to flow directly into the 
sampling tubes. The average time required for collec- 
tion of a sample was 1.9 seconds, each tube receiving 0.3 
to O.S cc. of blood. After completion of the sampling 
fiom the femoral artery, the dye remaining in the catheter 
was washed into the circulation and a sample of blood 
was taken 10 minutes later. The plasma volume was 
determined from the concentration of dye in the plasma 
(10), and the total blood volume from the plasma vol- 
ume and hematocrit reading. 


trol sample of serum similarly diluted with saline as a 
blank. 

To determine the mean circulation time, the concentra- 
tion of dye in each sample was plotted against the time 
of collection of the sample on linear graph paper. The 
time of each sample was determined by measuring the 
interval between the mean time of the injection of the 
dye and the mean time of the collection of the sample. 
After the curve tvas plotted, the area subtended by the 
primary dye curve was measured with a planimeter. The 
vertical line that divides this area into two equal parts 
represents the mean circulation time. 

The cardiac output was calculated by the Fick principle 
(6). The quantity of blood contained in the pulmonary 
vessels, left heart, aorta and certain larger arteries (Q) 
is equal to the 

cardiac output (cc./min.) X mean circulation time (sec.) 

60 

according to the formula of Stewart (2). 

RESULTS 

The results are given in Table I, and a typical 
dye curve is illustrated in Figure 1. In all the 
experiments, the concentration of the dye in the 
blood obtained from the femoral artery was at or 
near zero before recirculation began. In those 
cases in which recirculation began before the pri- 
mary curve was completed, the curve was ex- 
tended to the base line for purposes of calculation 
(Figure 2). The average circulation time in the 
12 subjects was 10.2 seconds with a standard de- 
viation of rfc 1.6, and the average duration of the 
primary curve was 12.3 rfc 2.4 seconds. 


TABLE I 


Subject 

Surface 

area 

Oxygen 

consumed 

Arterio- 

venous 

oxygen 

difference 

Cardiac 

output 

i ... 

Cardiac 

index 

Mean 

circulation 

time 

Duration 
of curve 

0 

Total 

blood 

volume 

B.G. 

m. 

cc./min. 

tol. Per cent 

L./min. 

L./min./sq,. m . ! 

sec. i 

sec. 

u. 

cc. 

1.78 

233 

4.01 

5.81 

3.26 

10.5 

13.5 

1010 

5780 

A. F. 

1.79 

193 

4.91 

3.93 

2.19 

12.1 

12.8 

790 

5320 

J. W. 

1.80 

272 

3.58 

7.60 

4.20 

11.8 

14.8 

1490 

5800 

A. L. . 

1.83 

239 

3.17 

7.54 

4.12 

9.5 

11.2 

1190 

5710 

D. N. 

1.86 

287 

3.80 

7.55 

4.05 

7.7 j 

11.0 

970 

5000 

R. W. 

D. B. 

C. C. 

F. W. ! 

L. Z. 

H. F. 

1.89 

2IS 

4.15 

5.18 

2.74 

10.4 

15.0 

900 

5050 

1.92 

266 

3.25 

8.18 

4.26 

12.1 

15.8 

1650 

5760 

1.93 

235 j 

4.15 

1 5.66 

2.94 

11.4 

11.0 

1080 

6200 

1.95 

304 j 

3.37 

9.02 

4.61 

7.6 

8.5 

1140 

5980 

2.07 

311 ’ 

4.39 

7.08 

3.42 

9.4 

11.0 

1110 

6690 

2.08 

292 

3.63 

8.04 

3.86 

9.2 

8.7 

1230 

6250 

O. r. 

J.H.* 

Mean 

2.14 

282 

3.79 

7.44 

3.48 

10.9 

14.0 

1350 

7860 

1.80 

251 

2.58 

9.74 

5.41 

7.6 

5.1 

1230 

6400 

1.92 

261 

3.85 

6.92 

3.59 

10.2 

12.3 

1160 

5950 

Standard 










deviation 

±0.38 

±0.37 

±0.50 

±1.46 

i ±0.72 

±1.6 

dr2,4 

±246 

±776 


^Omitted in the calculation of mean values because the subject showed ewdence of marked anxiety during the 
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Dye Conco ntratlon 
Mfl./ 10 0 cc. 



Fro. 1. Dye Concentration Curve in Normal Subject 
The dye concentration reached zero before recirculation began. The mean circula- 
tion time is represented by the broken vertical line. 


The cardiac output for the group was 6.92 ± 
1.5, and the cardiac index was 3.59 ±: 0.72 liters 
per minute. The mean value for Q, calculated from 
Stewart’s formula, was 1160 ± 246 cc. Correct- 
ing the individual values for Q to 1.73 sq. m. of 
body surface, gave a mean value for the group of 
1045 ± 200 cc. Expressed as per cent of total 
blood volume, the mean for the group was 19.5. 

DISCUSSION 

As emphasized by Hamilton (5), the mean 
circulation time differs from the most rapid cir- 
culation time. The primary dye curve from which 
the mean circulation time is calculated is pro- 
duced by dye particles travelling from the pul- 


monary artery to the femoral artery at different 
rates of speed. In the study by Blumgart and 
Weiss (4), the most rapid circulation time rather 
than the mean circulation time was determined. 
If the apparatus for detecting the arrival of the ' 
radium in the brachial artery were extremely sen- 
sitive, the most rapid circulation time would differ 
considerably from the mean circulation time. If, 
however, the time recorded really represents the 
peak concentration of the substance, the value 
should correspond closely to the mean circulation 
time. As can be seen in Figure 1, the mean cir- 
culation time differs little from the time required 
to attain the maximum concentration of dye in the 
normal subject. It is of interest that the circula- 


Dye Concenfrallon Meon CIrculotion Time 11.8 sec. 



Time in Seconds 

Fig. 2. Dye Concentration Curve in Normal Subject 
The dy '(5 concentration did not reach zero before recirculation began. 
The mean circulation time is represented by the broken vertical line. 
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tion time from the right auricle to the brachial 
artery, as measured by Blumgart and Weiss (3), 
is quite similar to the circulation time from the 
pulmonary artery to the femoral artery, as meas- 
ured by the dye method, the average value for the 
former being 10.8 seconds and for the latter 10.2 
seconds. 

The value for Q, calculated from the formula 
of Stewart, represents the amount of blood con- 
tained within the pulmonary vessels, left heart, 
and certain of the larger arteries. Hamilton (5) 
has pointed out that on the systemic side of the 
circulation, Q includes the blood in the aorta and 
iliac arteries together with all the blood contained 
within the other branches of the aorta to points 
where dye arrives no later than it does at the fe- 
moral artery. It is apparent that in the pulmonary 
vessels, Q includes only blood which is circulating. 

In comparing the value of Q in the present 
study with that obtained by Hamilton, it should 
be pointed out that in his experiments, the dye 
was injected into an arm vein. Thus, the mean 
circulation time included the time required for 
the dye to travel from the arm to the pulmonary 
artery in addition to the time of passage from the 
pulmonary artery to the femoral artery. Blum- 
gart and Weiss (3) found that the circulation time 
from the antecubital space of the arm to the right 
heart was 6.7 seconds. This fact explains the 
considerably higher value for Q obtained by Ham- 
ilton and colleagues in normal subjects (5). The 
value for Q in their studies was 2 liters as com- 
pared with 1.16 liters in the present experiment. 

In order to determine the true pulmonary blood 
volume, it is necessary to know the mean circula- 
tion time from the pulmonary artery to the left 
auricle, a value which was not determined in the 
present experiments. From the studies available 
in the literature it is difficult to estimate the true 
pulmonary circulation time. Nevertheless, it is 
apparent that the true pulmonary blood A'olume 
is less than the value for Q. A more accurate 
estimation of the true pulmonary blood volume 
must await a method for determining the mean 
circulation time from the pulmonary artery to the 
left auricle. 

SUMMARY 

1. The mean circulation time from the pulmo- 
nary arterj" to the femoral arterj’’ was determined 
by injecting the dye T-1S24 into the pulmonarj' 


artery and measuring the concentration of the dye 
in consecutive samples of blood obtained from the 
femoral artery. The mean circulation time in 12 
normal subjects was 10.2 ±1.6 seconds. 

2. The volume of blood contained in the pul- 
monary vessels, left heart, aorta, and certain of 
the larger systemic arteries was calculated from 
Stewart’s formula using the mean circulation time 
and the cardiac output as measured by the direct 
Pick method. The mean volume for the group of 
12 normal subjects was 1160 ± 246 cc., or 19.5 
per cent of the total blood volume. 
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The pathogenesis of dyspnea in left ventricular 
failure and in mitral stenosis is not entirely under- 
stood but it is generally conceded that pulmonary 
vascular congestion is involved (1). Preceding 
the congestion there is probably an elevation in the 
left auricular and pulmonary venous pressures 
but to date it has not been possible to measure such 
pressures in the human being. Accurate quantita- 
tion of the pulmonary vascular congestion itself is 
difficult and the use of the vital capacity for this 
purpose is far from satisfactory. Much more 
promising in this connection is a method, described 
in a previous paper (2), which measures the vol- 
ume of blood in the lungs, left heart, aorta, and 
certain systemic arteries. The method is based 
on the measurement of the mean circulation time 
from the pulmonary artery to the femoral artery, 
and the simultaneous determination of the cardiac 
output. An increased volume of blood in the pul- 
monary vessels should result in a corresponding 
increase in the total volume of blood (Q) meas- 
ured by the technique. The results of studies 
based on this premise are presented in the follow- 
ing account. 

MATERIAL AND METHODS 

A group of 10 men with rheumatic heart disease and 
mitral stenosis were studied. All these patients had 
dyspnea on exertion and some degree of pulmonary hy- 
pertension. As examples of left ventricular failure, 18 

1 Published with permission of the Chief Medical Di- 
rector, Veterans Administration, who assumes no respon- 
sibility for the opinions c.xprcssed or conclusions drawn 
by the authors. 

= Presented in part at a meeting of The American 
Society for Clinical Investigation in Atlantic City", N. J., 
May 3, 1948. 


men with disease of the aortic valve or hypertensive heart 
disease were chosen. All had dyspnea on exertion and 
had suffered from several episodes of paroxysmal dyspnea 
in the past, but none were severely orthopneic at the 
time the study was performed. Two of the patients with 
rheumatic heart disease and two with left ventricular 
failure previously had evidence of right ventricular failure 
manifested by hepatomegaly, peripheral edema and an 
elevated systemic venous pressure. 

A catheter was introduced into the pulmonary artery 
by the method of Cournand and co-workers (3). The 
mean circulation time from the pulmonary artery to the 
femoral artery was measured and the cardiac output was 
determined as previously described (2), The volume of 
blood in the pulmonary vessels, left heart, aorta, and iliac 
arteries, together with all the blood contained within the 
other branches of the aorta to points where dye arrives 
no later than it does at the femoral artery (Q) was 
determined from Stewart’s formula (4). The pressures 
in the pulmonary artery, right ventricle, and right auricle 
were measured with a Hamilton manometer. The level 
of the right auricle was determined by the method of 
Lyons, Kennedy, and Burwell (5). The pulmonary arte- 
rial diastolic pressure was measured immediately before 
auricular systole to avoid artifacts which occur in the 
pulmonary arterial tracing during auricular systole. The 
systolic pressure was determined from the right ven- 
tricular tracing, since artifacts due to motion of the 
catheter interfered with this measurement in the pul- 
monary arterial tracings. 

Heart volumes were determined from the teleroent- 
genogram by the method of Keys et al. (6). The pre- 
dicted normal frontal area of the heart for the individual 
was estimated from the nomogram of Ungerleider and 
Gubner (7). The predicted heart volume was obtained 
by the use of the tables of Keys et al. (6). 

The vital capacity was measured in the sitting position 
with a spirometer. The predicted normal figure for the 
individual was obtained by applying the formula of 
Baldwin, Cournand, and Richards (8). Four and four- 
tenths per cent were added to the value obtained by this 
formula to correct for the difference between the supine 
and sitting position (9). 
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Fig. 1. Dye Concentration Curves in Patients with Heart Disease 
(a) The chart above is the dye concentration curve in a patient with 
mitral stenosis (Subject R. C.), and (6) the chart below is the dye con- 
centration curve in a patient with left ventricular failure (Subject J. K.). 


table I 

Cardiac output, mean circulation time and Q in a group of patients with rheumatic heart disease and mitral stenosis 


Subject 

Surface 

area 

Oxygen 

con- 

sumed 

Arterio- 

venous 

oxygen 

dvff. 

Cardiac 

output 

Cardiac 

index 

Mean 

circu- 

lation 

time 

r Duration 
i of curve 

Q 

1 

Total 

blood 

volume 

Vital 
capacity , 

Pulm. ' 
artcr. , 
press, 
systolic 

Pulm. 

alter. 

press. 

diastolic 

Right 

ventric. 

press. 

diastolic 

J. K. 

I sq. m. 

cc./min. 

vol. 

iter cent 

1 L./min. 

L,/min./ 
5g. tn. 

sec. 

sec. 

rc. 

cc. 

per cent 
normal 

mm. Hg. 

mm. Jig. 

mm. Ug. 

1.58 

220 

3.36 

6.55 

4.15 

9.2 

14.2 

1000 

5340 

95.5 

31.9 

15.6 

1.7 

H. H. 

1.69 

245 

8.43 

2.91 

1.72 

24.1 

26.0 

1170 

7726 

57.2 

83.5 

38.5 

5.9 

M. 0. 

1.70 

253 

8.75 

2.89 

1.70 

33.4 

45 2 

1610 

— 

60.4 

83.5 

36.2 

13.8 

V. S. 

1.74 

206 

4.13 

4.99 

2.87 

13.6 

17.4 

1130 

5060 

102.8 

33.6 

16.5 

6.9 

M. M. 

1.77 

284 

8.98 

3.16 

1.79 

21.7 

32.7 

1140 

— 

47.8 

78.1 

46.0 

1.4 

E. M. 

1.77 

286 

5.79 

4.94 

2.79 

15.7 

22.0 1 

1290 

7710 

86.8 

43.0 

20.3 

6.1 

F. M. 

1.77 

272 

5.92 

4.59 

2.59 ' 

19.6 

26.1 

1500 


50.4 

113.5 

61.7 

8.6 

L. N, 

1.79 

242 

5.30 

4.57 

2.SS 

14.0 

13.2 

Hinr/iH 


52.9 

64.0 

43.0 

7.3 

K. C. 

1.84 

249 

4.72 

5.28 

2.87 

12.6 

17.8 

Biiiil 

6510 

79.3 

68.0 

31.0 

1.0 

G. W. 

1.93 

270 

4.82 

5.60 

2.90 

13.5 

20.0 


6930 

89.3 

40.4 

22.3 

2.8 

Mean 

1.76 

253 

6.02 

4.55 

2.59 

17.7 ’ 

23.5 

MHSim 


71.2 

64.0 

33.1 

5.6 

Standard 














deviation 

: dbO.lO 

±26 

±2.01 

±1.22 

±0.74 

±7.1 

±9.7 


Bi 

±19.0 

±27.6 

±14.9 

±3.9 
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RESULTS 

In order to determine the significance of the 
findings in the patients with heart disease it was 
necessary to compare them with the findings pre- 
viously obtained in a group of 12 normal sub- 
jects (2). The dye concentration curves in pa- 
tients with heart disease differed in most instances 
from the normal cun^e in that they were more 
prolonged than the normal and the maximal dye 
concentration was lower in the former than in the 
latter (Figure 1). Because recirculation usually 
began before the completion of the primary curve, 
a small error may have occurred in the determina- 
tion of the mean circulation time. The mean cir- 
culation time was prolonged in the group with 
mitral disease and in the group with left ventricular 
failure, the increase being greater in the latter 
group (Table I). The mean cardiac index was 
significantly reduced in both groups as compared 
with the normal subjects. 

The mean value for Q in 10 patients with mitral 
stenosis was 1230 cc. as compared with 1 160 cc. in 
the group of 12 normal subjects ([2] Table I). 
This difference is not significant statistically. Ad- 
justing the individual values to 1.73 sq. m. body 
surface resulted in a larger difference between the 
two means but the statistical significance of the 
difference remained doubtful. 

The mean value for Q in the group of 18 patients 
with left ventricular failure was 1750 cc. which is 


Htorf 


Votumt ft. 


« 





F r I \ 

'500 tooo isoo 0 ee 

Fig. 2. Chart Showing Correlation Between 
Heart Volume and Q in Patients with Left Ven- 
tricular Failure 


TABLE m 


Comparison of mean increase in Q with mean increase in 
volume of the heart in 18 patients with 
left ventricular failure 


\ 

Left 

ventricular I 
failure ■ 

Predicted 

normal 

Mean 

increase 

Volume of heart (cc.) 




Estimated from 




teleroentgenogram 

1251 

675 

576 

Q (cc.) 

1750 

1160 

590 


significantly greater than the mean value for Q in 
normal subjects (Table II). It was immediately 
apparent that the increase in Q in the group with 
left ventricular failure could be due to an increase 
in volume of blood in the left ventricle. In order 
to evaluate this possibility, the volume of the heart 
in the individual cases was plotted against Q 
(Figure 2). There was a moderate correlation 
(r = 0.6954 p < .01 ) . In Table III the difference 
between the mean volume of the heart in the group 
with left ventricular failure and the predicted mean 
normal heart volume for the group is compared 
with the difference between the mean value for Q 
in the group with left ventricular failure and the 
mean value for Q in the group of normal subjects. 
The two values were very similar. 

The pulmonary arterial pressure was moderately 
elevated in the group with left ventricular failure 
and more strikingly elevated in the group with 
mitral stenosis (Tables I and II). There was no 
correlation between Q and the vital capacity in 
either group. 

DISCUSSION 

The prolongation of the circulation time from a 
peripheral vein to an artery in heart disease is well 
kno’wn and is widely used in the clinical assay of 
congestive heart failure. In most studies of the 
circulation time, a method is used which gives a 
single end point. The means of detecting the end 
point differs, both in technique and in sensitivity, 
from method to method. For example, in the de- 
termination of the circulation time by the use of 
radium as performed by Blumgart and Weiss 
(10), the end point depends on the sensitivit}- of 
the detecting device and the concentration of the 
radium in the blood flowing through the brachial 
artery'. Hamilton ct al. (11) have demonstrated 
that this end point does not represent the mean 
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circulation time but merely approximates the earli- 
est circulation time. A study of the dye concentra- 
tion curve determined in patients with heart dis- 
ease, makes it apparent that the measurement of 
the circulation time by the usual method will 
give a value which is quite remote from the true 
mean circulation time. 

The importance of the determination of the 
mean circulation time lies in the fact that it is a 
function of the rate of blood flow and the volume 
of blood contained in a given portion of the cir- 
culation. According to Stewart (4) and Hamilton 
(11), the mean circulation time from the pulmo- 
nary artery to the left auricle should be inversely 
proportional to the cardiac output, and directly 
proportional to the volume of blood in the pulmo- 
nary vessels. Unfortunately, it is impossible to 
measure the circulation time from the pulmonary 
artery to the left auricle so that this approach to 
the estimation of the pulmonary blood volume is 
closed. It is possible, however, to measure the 
mean circulation time from the pulmonary artery 
to the femoral artery. Using Stewart's formula, 
one finds that this mean circulation time is in- 
versely proportional to the cardiac output and 
directly proportional to the value Q, which repre- 
sents the amount of circulating blood in the lungs, 
left heart, aorta, and certain other arteries as de- 
fined above. Hence, if the cardiac output and the 
mean circulation time are known, Q can be calcu- 
lated. If the volume of blood in the aorta and left 
heart remains constant, variations in the pulmo- 
nary blood volume will cause corresponding vari- 
ations in Q. Blood in the lungs which is stagnant 
or circulating very slowly would not be measured 
by this method. 

There was no significant increase in Q in the 
group of patients with mitral stenosis and pulmo- 
nary hypertension as compared with the group of 
normal subjects, and it can be concluded, there- 
fore, that there was no large increase in pulmo- 
nary blood volume. Moreover, a marked increase 
in pulmonary arterial pressure can occur in mitral 
stenosis without an increase in Q and, conse- 
quently, without a large increase in pulmonary 
blood volume. None of the patients studied had 
severe orthopnea or evidence of pulmonary con- 
gestion and edema roentgenologically. It is quite 
possible that a marked increase in pulmonary 


blood volume does occur in patients with these 
findings. 

There was a marked increase in Q in the group 
of patients with left ventricular failure. Gernandt 
and Nylin (12) have observed a relationship be- 
tween increase in circulation time from peripheral 
vein to peripheral artery and increase in size of 
the heart. All patients with left ventricular fail- 
ure in this study had varying degrees of left ven- 
tricular enlargement, and the largest increase in Q 
occurred in those patients with the largest hearts. 
A positive correlation existed between the heart 
volume and Q. If the mean increase in heart vol- 
ume is compared with the mean increase in Q, the 
similarity of the two values suggests that they have 
a common cause, namely, an increase in the amount 
of blood in the left ventricle. In roentgenological 
studies of heart volume, it is impossible to distin- 
guish between the effects of hypertrophy and dila- 
tation but it is generally conceded that the increase 
in the size of the heart in heart failure is primarily 
due to cardiac dilatation (13, 14). Because of the 
contribution of the blood in the dilated left ventri- 
cle to Q, it is difficult to evaluate changes in pul- 
monary blood volume in patients with left ventric- 
ular failure. 

The reduction in vital capacity in patients with 
heart disease has been attributed to pulmonary 
congestion with consequent changes in pulmonary 
distensibility and elasticity (15, 16). It has been 
suggested that prolongation of the circulation time 
in association with reduced vital capacity is due 
to an increase in the volume of blood in the lungs 
(17). From the present study, it does not appear 
that reduction of vital capacity is of necessity ac- 
companied by a large increase in pulmonary blood 
volume, nor does it appear that an increase in pul- 
monary blood volume is the major factor in pro- 
longing the circulation time. 

SUMMARY AND CONCLUSIONS 

1. The mean circulation time from the pulmo- 
nary artery to the femoral artery and cardiac out- 
put were determined on 10 patients with mitral 
stenosis associated with pulmonary hypertension 
and 18 patients with left ventricular failure. 

2. From the mean circulation time and the 
cardiac output the volume of blood in the pulmo- 
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nary vessels, left heart, aorta and certain other 
arteries (Q) was calculated. 

3. The mean circulation time was prolonged 
and the cardiac output was reduced in both groups 
as compared with normal subjects. The value 
for Q in the group of patients with mitral stenosis 
and pulmonary hypertension did not differ sig- 
nificantly from the value in normal subjects and 
hence, there was no evidence of a large increase 
in circulating blood in the lungs. 

4. A marked increase in Q was present in the 
group of patients with left ventricular failure. 
Because of evidence which suggested that the in- 
crease in Q was largely due to an increase in the 
amount of blood in the left ventricle, it was im- 
possible to evaluate changes in pulmonary blood 
volume in this group. 

5. There was no correlation between the reduc- 
tion in vital capacity and Q. This suggests that 
the reduction in vital capacity in patients with 
heart disease is not a direct function of increase in 
pulmonary blood volume. 
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Evidence has been presented by several investi- 
gators that functional capacity of the kidney in the 
premature and young infant is lower than in older 
children and adults. Schoenthal (1) using urea 
clearance, McCance and Young (2) urea and inu- 
lin clearances, Barnett (3) inulin clearance, and 
Gordon, Harrison and McNamara (4) urea clear- 
ance, showed that the infant had a lower glomeru- 
lar function when compared to the adult on the 
basis of a unit of surface area. Recently West 
et al. (5) reported a study of renal function in 
infants during the first two years of life and 
Barnett et al. (6), a study in premature infants. 
This present study was begun in 1945 to deter- 
mine the rate of maturation of certain of the kid- 
ney functions from the newborn period through 
childhood. The following functions were esti- 
mated: glomerular filtration rate, maximal tubu- 
lar excretory capacity for para-amino-hippurate, 
urea clearance, and effective renal plasma flow.® 
Sixty-lhree normal well children between the ages 
of two days and 12 years were studied. 

METHODS 

G.F. was determined as mannitol clearance by the single 
injection technique. A 20 minute period was allowed for 

I Presented before the Society for Pediatric Research, 
Stockbridge, Mass., May 1947, and exhibited at the Fifth 
International Congress of Pediatrics, New York City, 
July 1947. 

- The mannitol and para-amino-hippurate used in these 
studies were kindly furnished to us through the courtesy 
of Sharp & Dohmc, Inc., Glcnolden, Pennsylvania. 

s These abbreviations are used throughout the paper : 
G.F. = glomerular filtration rate 
P.F. = eficctive renal plasma flow 
Tmriii = maximal tubular excretory capacity for para- 
amino-hippurate 
F.F. = filtration fraction 
P.AH = para-amino-hippurate 


equilibration before the first specimen was collected. The 
blood levels were plotted against time on semi-logarithmic 
paper ; the blood level at the midpoint of each urine col- 
lection period, minus two minutes, read off the resulting 
curve. The mannitol levels in the blood when so plotted 
always formed a straight sloping line (a minimum of 
three and in the majority of instances four levels were 
determined). There was no evidence of lack of equi- 
libration of mannitol in the body fluids after the period 
allowed. P.F. was determined simultaneously as the 
clearance of sodium para-amino-hippurate (PAH) at low 
plasma levels (between 0.5 and 3 mg. per 100 cc. of 
plasma) ; the tubular excretory capacity was determined 
by the excretion of PAH at high blood levels (between 
50 and 100 mg. per 100 cc. of plasma). In several in- 
stances the TmrAH was calculated using the values for 
glomerular filtration rate determined in previous periods. 
In 27 instances where the TnipAu was determined simul- 
taneously with the last period of mannitol clearance, the 
value for glomerular filtration rate was not influenced 
by the high concentration of plasma PAH. The blood 
level of PAH was maintained by a priming injection and 
a continuous intravenous infusion. The priming solution 
of PAH for Tm determination was always diluted in the 
syringe to three to four times its volume, either with the 
dilute solution remaining in the infusion tubing or with 
saline, and injected as slowly as possible. In larger chil- 
dren, where the volume might have been too large for a 
syringe, the priming solution was allowed to run in 
through the infusion tubing from an open burette flask. 
When injected rapidly and in concentrated form, this 
amount of PAH solution may cause a sensation of intense 
heat, involuntary defecation, nausea, vomiting, abdominal 
pain or pain in the extremity used for injection. With 
the technique just described, these reactions were usually 
mild or absent; with one exception they ceased shortly 
after completion of the priming injection. They seemed 
to be milder in infants than in older children. The test 
was started in the morning, after the child had had a 
light breakfast or, in the case of infants, a bottle one to 
three hours previously and was well hydrated. 

The laboratory determinations of mannitol and PAH 
were carried out according to the methods outlined by 
Smith et al. (7, 8). Two modifications were used: (i) 
The deproteinization was performed by the Somogyi 
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method (one part plasma or, for mannitol, two parts 
yeasted plasma dilution, 10 parts distilled water, two 
parts 0.3 N barium hydroxide solution, two parts 5% 
zinc sulfate solution). (2) For the determination of 
mannitol the mixtures of plasma filtrate and acid perio- 
date solution were left at room temperature overnight 
instead of being heated in a boiling water bath for 20 
minutes prior to titration.^ 

The standard error of the mannitol clearance deter- 
mination in a combined series of 75 tests with four periods 
each plus 60 tests with three periods each was 5.7 cc. with 
a mean error of 4.73 cc. + 0.49. The standard error of 
103 determinations of renal plasma flow by PAH clear- 
ance with three periods each was 55.2 cc./min. with a 
mean error of 39.75 cc. + 6-44. The standard error of 
112 determinations of the tubular excretory capacity for 
PAH, with three periods in each test, was 5.85 mg./min. 
with a mean error of 3.75 mg. + 0.55. These errors include 
both the laboratory determination and the bedside tech- 
nique, such as urine collection, timing of specimens, etc. 

The urea clearance was determined simultaneously with 
the mannitol clearance for three periods in each test. 

* Note : Incidentally this modification, which in our 
hands gave more constant results than the original 
method, may account for the fact that there is no evi- 
dence in our figures of the interference of high levels of 
PAH with the mannitol determination. Other investiga- 
tors have recently reported such an interference (9). 


Urea was determined in blood and urine with urease by 
the aeration method of Van Slyke and Cullen (10), but 
with boric acid substituted for the standard mineral acid 
in the receiving flask. Toward the end of this study, 
Conway’s micro-method with urease, as modified by 
Steinitz (11), was substituted for the Van Slyke and 
Cullen method. Both methods give identical results. 

It must be made clear that these tests were performed 
with a relatively high urine flow, resulting from the 
diuresis produced by mannitol and the intravenous infu- 
sion. This high urine flow does not alter the clearance 
rates greatly, with the exception of the urea clearance 
which may be somewhat higher than under ordinary con- 
ditions. Most of the tests were performed on quiet or 
sleeping children and, therefore, were presumably not 
unduly influenced by circulatory changes. Prolonged 
periods of starvation before performing the test were not 
deemed necessary. We found that the children were 
much quieter during the test if they were not hungry. 

RESULTS 

In Figure lA we have graphically presented 
the glomerular filtration rates obtained at different 
ages throughout the first year. In Figure IB the 
glomerular filtration rates of the children over 
one year of age are recorded in a similar fashion. 
Table I, column 11, gives the actual values for 


momeraiar Filfreut'e in InJ^ants. 



Fig. 1A. Glomerular Filtration Rate in Infants 
Each dot represents the average -value in an individual child. The horizontal 
line represents the mean adult value of the glomerular filtration rate of an adult 
with a surface area of 1./3 sq.m. The broken lines represent one standard devia- 
tion from tins mean, as determined in adults (12). 
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Glomerular Fillrate in Older Children. 



Fig. IB, Glomerular Filtration Rate in Older Children 
Symbols as in Figure lA. 


Renal Plasma Flow in Infant's. 



Fig. 2A. Effective Renal Plasma Flow in Infants 
Symbols as in Figure lA. 
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G.F. in cubic centimeters per minute and in column 
10 the figures are corrected for surface area. The 
individual periods are listed in column 21 to show 
the variability from period to period. It is ap- 
parent from these data that the G.F. is very low 
in the very young infant, averaging about SO cc./ 
min. per 1.73 sq.m., and slowly rises during the 
first year, reaching adult values of about 130 cc./ 
min. some time between the first and second year of 
life. Under six months of age none of the values 
were within the adult range when corrected for 
surface area and only a few in the last six months 
of the first year. In the second year many were 
found within the adult range, some still below. 
After the third year all values were found to be 
within the adult range. 

Table I, column 14, shows the actual values ob- 
tained for P.F. in cubic centimeters per minute as 
measured by the clearance of PAH at low blood 
levels in the same group of infants and children, 
and column 13 gives the values per 1.73 sq.m, sur- 
face area. Figure 2 A graphically presents the 
rate of effective renal plasma flow corrected to 
standard surface area as the child matures through- 
out the first year of life, and in Figure 2B the same 


data are given for the older children. As in tl 
case of G.F., the P.F. (corrected for surface 
area) is also low in the young infant, increasing 
gradually and reaching the average adult value 
around the second year. 

Table I, column 17, lists the actual values ob 
tained in estimating the maximal tubular excre- 
tory capacity in these children, and in column 16 
the values are corrected for standard surface area. 
In Figure 3A the TmpAH in mg./min. per 1.73 
sq.m, is shown for the first year of life, and in 
Figure 3B the same data are given for the older 
children. It is apparent that there is much greater 
scatter of the values for TmpAH than of those 
for G.F. or P.F. While the lowest figures ob- 
tained, around 3 to 15 mg./min. per 1.73 sq.m, 
surface area, are seen in the youngest infants 
(under one month of age), relatively high values 
are obtained in other infants of the same age. 
Several already have adult values within the first 
six months. After 15 months of age the values 
are comparable to adult values with very few 
exceptions. 

On casual inspection the graphic charts of the 
data for G.F. and P.F. appear similar, as if 


Renal plasma Flow in Older Children. 



Fig. 2B. Effective Rekal Plasma Flow in Older Children 
Symbols as in Figure lA. 
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Tubular Excre^ory CapacUy for PAH in Inj^ants. 



Age In monHii 

Fig. 3A. Maximal Tubular Excretory Capacity eor PAH in Infants 

Symbols as in Figure lA. 

the rate of increase of these two physiological age span (Figure 4, upper section). If the rate 
factors with aging were identical. Actually, this of increase in these two values were identical, 
is not the case as can be seen from the figures then the F.F. would be a constant value and sim- 
on the F.F. (100 X G.F./P.F.) throughout this ilar to the average adult value of 19.6%. As can 


Tubular Excretory Capacity [or PAH in Older Child ren. 



Agt in years 

Fig. oB. M.vximal Tubular Excretory CAPAaTY for PAH in Older Children 

SjTTibols as in Figure lA. 
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be seen, this is not the case ; for there is a consid- 
erable variability of the F.F. throughout the age 
groups. While several of the values are within 
the adult range early in life, and occasionally 
the F.F. is even low in the latter half of the first 
year, on the average a larger number of higher 
values are obtained in the first two years. In 
fact, some high values are found up to the eighth 
year of life. The average value for the F.F. in 
children is thus higher than that reported for 


adults. It might be stated that the fluctuations 
rate of P.F. are normally wider than those 
G.F., being subject to situations which affect 
general circulation, and might thus account i 
some of the variations of the G.F./P.F. '< 

It must be pointed out that our clearance peric 
are short and represent “spot” clearances. 1 ■ 
remains the possibility of error in estimating 
P.F. in the very small infants, an error ■ A ’< 
would produce false low values. If the blc 



Fig. 4. Ratios of Renal Functions to One Another in Individual Cases, Plotted 

Against Age 

Upper section: F.F. (100 X G.F./P.F.). 

Middle section: G.F./Tiiipin. 

Lower section: P.F./Tm 

The ordinate scales are logarithmic, so that equal deviations of the numerator and of the 
denominator of each ratio from the average will produce equal distances from the line represent- 
ing the mean. The solid line in each section represents the mean obser\-ed in adults (12) ; the 
broken line in each section represents the mean observed in the series of children here reported, 
calculated separately for infants under one year and for children over one year of age. The 
dotted lines represent one standard deviation from the mean, calculated for the present series. 



Renal functions in children, absolute and corrected for surface area, according to age {months) 


1154 


MITCHELL I. RUBIN, ERIKA BRUCK, AND MILTON RAPOPORT 


1 




CMt^O 

b-NOO 

OtOOO 


t>*OON 

COP'CM 

^*>►10 

26 



00 'O 

O O CMWO 

CO wo 

•Nt«^ON 

to 

CM^OtO 



*S 

HVd 


CM ^ ^ CO 

^^^I^OOOn 

CMCM wONt*- w 

tJncMIO 

CO CM CM WIO 


W •H O d W^ 

« ag 


NO 'Cf 

*0*0 NO 

COOn w 

w w 

toco 




IE'S 

lOlIUU^P^ 

Tj-O 


»/) 

l^CO 

ONO^to 

OnOOO 

lOCOb' 

CMCM-rlNNO 

O WNO 


o 

CMO>*^ 

NO to 

t^^CNJI^ 

wt^lO 

to CM On 

CO WONTf 

©t*»to 






^ WH 



^ •H 











to to 






CO Cn 

li^ PN CO po 

CM coo WON 

00t>-.0 

On CM w NO NO 

NO^rtNOONOtO 

-+NOO wroCM 



CM CM 

O^^nOOn 

Cn O CO w 

ONOrJ^OCN w 

O to CM 

NO C' CO rMO 

00 to rj* CM CM 




.A\Op 

CM 

CM ^ *H CM «-< 

^ w fO CM <<1* 

CMw*-«tOCM^ 

CO W,H 

w 

w^-HfOCOCO 

CO CM CM to to CO 


cn 




to to 



to to 


00 to to 

fO 

fS 

XS 

HVduix 


CM 

V)\fi 

WCM 

COrfTjN 

O 

CM CM CM 


dto* 

©WON 

totO'^f 

dto CM 
© © © 


0} • 





















rf 




r- CM 

NOO'Ni* 

CMOtO 

wcO^ 

NO wtM 

NO CO© 

©NOt^ 


*.*T 'fT 

CO Tj< 

^NOCO 

CnCO 

00 On ^ 

On CM NO 

O w — ) 

00 CO 00 

CO © CO 




lo m 

tO-^NO 

to tort* 

coco-cj* 

CO CO CO 

to to to 

Tj'tO'4' 

r- NO 


> h 
v> 












'O 

OO 

^CMOO 

rHoO 

to wto 

On WON 

wto 00 

t^O wt^ 

00 -i^© 





^CMCO 

COCO 

O W^w 

00 00 00 

w O O* 

CO ^ ^ CO 

o o o 




•M 

^ »-H 


^ ^ w ^ 


^ W 

^ ^ ^ 

CM CM CM 

O 


"0 

OO 

CM »^0 

tOI^O 

Tj<tOO 

NO On NO 


to NO to 

WNO to 

cs 


\0 o 

NO NO NO 

t^NOtO 

NO NO NO 

CO CM CM 


NO NO NO 

CO CM CM 











^ 

Ov 

HVdiux/'il "O 1 



'i* 

Cn 


rj* 

TJN 

CO 

P«. 

o 



1 


CM 

CO 

CO 



CM 

CM 

00 

HVduix/-R •<! 1 


CO 

On 



O 







o' . 

CO* 




O* 






NO 


to 








o 

CO 





© 





to 

Cn 








•uitii/Siu 

a 





CM 


CM 


(nvdiux) X^ptJdtJo 

CO 









itiO]3J3X9 acjnqnx 



o 

CO 


CO 

O 





V. Jj* 

wo 


CM 



to 

© 













Cd'd/'d’OXOOI) 1 

wo 

WO 

o 

CM 

«3 

NO 

NO 

NA 


ju?:> U3(f 1 

O* 

CO 


00 

CO 

d 


00 


UOlptSJJ UOpCJ^ltjJ 1 







CM 

CM 




CO 


to 









8 ui 

o 

d 

O 

d 

CM 

00 





•o ^ 

NO 

CO 


OO 

to 





•UfUl/'}} 

C3 





•H 


IN 


Cd 'd) ^'OB iiiuscia 

rt 









tCUOi OAUDOUTT 

!S 00 

Cn 


NO 


o 





•N fO 

CM 

to 

On 

NO 


o 





V. c^ lO 

to 

to 

CO 

CO 

to 

to 





<4. 













to 

to 








CO 


CM 







SOI ixumou todois 


•Nf 

CM 

o 


CM 

CM 

NO 





q 

q 

q 


q 

q 

q 




o' «. 

NO 

« 

On 

ts 


00 





CN 



d 

On* 


d 




•uiut/'p? 

a ^ 

CO 


to 


CO 

rp 

to 


Cd ’O) 'lopcjny 

ro 










JCJIUDUIOIO 




to 





o 


o 


NO 


NO 

to 






w ^ * 

CM 

CO 


00 

o 













CM 







to 

CM 




CN 



O PM 

•Q 'C 

q 

CO 

q 

to 

tT 

r«« 

NO 


O 

On 

q 



'U}\a/'oo 

urjroibrajfi 








CO 

CO 

(lV3);a3 

CO 

O 



CO 

o 







fc. VO 


NO 

NO 

CO 


NO 

CM 




■Cv 











lO 

o 

CM 

CM 



© 



tuaSoJim roin pooifl 

o' 

PM 

NO 




© 

© 



■jux)ii:;uOH 

2; 


= 

39 

ON 

12 

40 

36 





•P 

to 

Cn 







•tu 

coji? ODCUns 


CM 

W^ 

o 


CO 

q 

q 

o 

q 

.477 

•r 


•1!13 :5qS;3H 


CN 

r- 



NO 

!>► 

NO 






*o 


1 








•y.V --v.iSp.w 

CN 

C' 

- 

7.5 

\0 

d 

6.5 

rn 

10.5 

9.5 

i 



r>j 

1 






17.5 

! 

I 



ri 

1 

CO 

CO 

wi 

r*. 

c: 

1 

1 



O 

'o 

'o 

C* 

O 

'b 

'b 

o 

- 



<• 





N 

d 


* 



S> 


t; 

y5 

K 

c— 

•A 

d 


















1158 


MITCHELL I.' RUBIN, ERIKA BRUCK, AND MILTON RAPOPORT 


level of PAH is too high for complete extraction 
in one circulation through a kidney with a very 
low TmpAH, complete extraction of the PAH cir- 
culating through the kidney would not occur, thus 
the PAH clearance in an immature child may be 
lower than the actual renal plasma flow. It is 
possible that in some of our small infants, as well 
as in some of the cases published by others, the 
PAH load exceeded the tubular excretory capac- 
ity, so that falsely low values for P.F, were pro- 
duced. Data on the PAH extraction ratio in the 
very small infant are needed to clear this point. 
The PAH loads were calculated for the 10 young- 
est infants on whom the plasma flow has been 
determined in the present study. All the chil- 
dren older than these ten had a TmpAH well ca- 
pable of excreting ordinary loads. The infants, 
E. S. (ten days old), K. C. (19 days old), and 
A. Y. (19 days old), had loads which would have 
required a Tiupah of at least 10 mg./min. per 
1.73 sq.m, to assure complete PAH extraction 
(assuming that complete extraction occurs when 

is less than 0.5) ; the loads of L. C, 

TmpAH 


(two days old), R. B. (20 days old), and J. S. 
(81 days old), were low enough to be excreted 
with a TmpAH as low as 2-5 mg./min. per 1.73 
sq.m. The remaining four infants in this group 
had higher loads of PAH, but their TmpAH was 
determined and found to be high. Actually, only 
one infant in the group was observed to have a 
TmpAH below 10 mg./min. per 1.73 sq.m. 

In order to determine the relative rates of matu- 
ration of glomerular and tubular function we have 
calculated the G.F./TmpAH ratio on each child 
(Table I, column 19 and Figure 4, middle sec- 
tion). The scatter of the data is too wide to draw 
valid conclusions as to the comparative rates of 
maturation of these two functions. In general, 
the G.F./TmpAH ratios (normal for adults taken 
as 1.72) show a wider variation in the infants 
under two years of age than seen later. Most 
of our very high values are seen in this younger 
age group. After two years of age the values are 
rarely significantly different from adult values. 

The amount of renal plasma flow per unit of 
tubular excretory capacity as measured by the 
ratio P.F./TnipAH is quite variable and evidences 
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the wide variation found in Tidpah and possibly 
of the normal fluctuations in P.F. (Table I, col- 
umn IS and Figure 4, lower section). In older 
children the P.F./TmpAn ratios are more con- 
stantly near the adult value. 

The urea clearance values of this same group 
of children are listed according to age in Table I, 
columns 8 and 9. The wide variation in urea re- 
absorption accounts for the variable urea clearance 
values. Figure 5 shows the relationship between 
urea clearance and glomerular filtration rate with 
a correlation coefficient of 0.87. In individual 
cases the urea clearance varied between 34% and 
81% of the mannitol clearance. This great vari- 
ability has also been observed in adults. 

DISCUSSION 

It is unfortunate that we could not have col- 
lected maturation data in the same individual over 
the span of childhood, “ so that the comparative 
rates of maturation of the various functions could 
be determined more precisely. Our data lend 
themselves only to comparing the average develop- 
mental state of one renal function to that of an- 
other at a given age. 

While, in general, the G.F., P.F. and TmpAH. 
when corrected for surface area, reach adult 
values somewhere around the second year of 
life, there are exceptions and, as would be ex- 
pected, these various functions mature at differ- 
ent rates, so that in one child one function has 
reached maturity while another is still immature 
and the reverse may occur in a second child. 
Examination of the simultaneous ratios for these 
three variables shows certain trends in compara- 
tive maturation. It is apparent from the high 
F.F. (Table I, column 15 and Figure 4, upper 
section) that G.F. is at a higher level of maturity 
than P.F. in many of the younger children, 
though not all. This tendency toward a high 
^•F./P.F. ratio persists through the second or 
third year and in some instances later. West 
and his group (5) have also shown that this ratio 
IS high in most of their infants under t^vo years of 

Two infants in the group were studied on repeated 
occasions; B. K. at 10 and 55 days of age, and E. D. at 
22 and at 54 days of age. In both infants the TmrAH 
(absolute values) remained stationary over the interim 
period, while the G.F. increased slightlj' in B. K. and 
considerably in E. D. 


age and Barnett et al. (6) in examining p*- ■ 
ture infants found the F.F. to be even more con 
sistently above that of the normal adult than 
apparent in the series of full-term and older 
fants reported here. Elevation of the intraglc 
merular capillary pressure (as seen in est ■ 
hypertension [12] ) may exist in infants to 
for the high F.F., but this has not been demt 
strated. Whether the low serum protein con. -i 
tration in the small infant is a factor in the 1 ■ 
creased F.F. can only be conjectured. 

The G.F./TmpAH ratios (Table I, column '' 
and Figure 4, middle section) show a wide scatt 
As with F.F., most of the extremely high and lo 
values occurred within the first two years i 
life. After that time there is less irregularity an 
only an occasional high value. The few reall 
high values occur in the first eight months of I'T 
However, because of the irregularity of the da* 
one would hesitate to draw a curve to show ' . 
trend of relative maturation of G.F. and Tmp# 
The scatter in the ratios is chiefly dependent ui 
the very variable figures for TmpAH as the vah 
for G.F. follow a much smoother growth • > v 
The data obtained by Barnett et al. (6) ..f -g - 
that in premature infants high G.F./TmpAH ratio 
may be a more consistent occurrence. The 
high figures obtained by West and his co-worl* 
(5) were also observed in the youngest infai.' 
These data suggest that a higher order of matui 
tion of G.F. than of TmpAH exists in the 
months of life but this is by no means const-n* 
for in fact, none of our children under six mont’ 
of age had a G.F. within the adult range, whc. : 
several had a TmpAH within the adult range L 
this time. 

The irregularity in early life of the other ratio 
discussed is also apparent in the P.F./Tmp-, 
ratio. No definite trend in relative rates of 1 ■ 
crease in the P.F. and TmpAH can be nc ■ 
from the data (Table I, column 18 and Figure 
lower section). The data of West el al. (5) als, 
show greater variability in the younger infan*- 
Whereas, there is a gross correlation between th 
ra’te of increase in P.F. and the maturation o 
TmpAH, both reaching adult values at about tv,’ 
years of age, the maturation rate of the plasu 
flow seems steadier and follows a smoother a ■ 
The tubular function of excreting PAH in 
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young infant does not seem to be limited by an 
inadequate blood supply. 

The urea clearances were done simultaneously 
with mannitol clearances (under the influence of 
mannitol diuresis) ; therefore, the urea clearance 
values are probably higher than would be usual 
for these children. 

It has been suggested (4) that the low G.F. in 
the young infant is dependent upon the resistance 
to filtration offered by the visceral layer of Bow- 
man’s capsule, which in the small infant is com- 
posed of cuboidal cells in contrast to the thin flat 
cells of the adult membrane (13, 14). The finding 
of high F.F.’s in many of these infants indicates 
that, contrary to the above assumption, a higher 
proportion of the plasma flow is filtered through 
the infantile glomerulus than through the adult 
one and, therefore, the thicker cell of the mem- 
brane in itself presumably does not reduce the 
rate of filtration. It is not unreasonable to postu- 
late that the small size and number of capillary 
loops in the immature glomerulus (13) may ac- 
count for the decreased blood flow through the 
glomerulus and thus the decreased G.F. The 
smaller number and size of capillary loops also 
offer a smaller filtering surface than the glomeru- 
lar tufts of the adult, although in relation to the 
volume of the capillary bed (which influences the 
blood flow) the filtering surface in these immature 
glomeruli may be larger than in mature glomeruli. 
Whether the anatomical difference is the total or 
even a prime factor responsible for the low G.F. 
is not known. It is interesting, nevertheless, that 
both the functional maturation and the anatomic 
maturation of the kidney glomerulus occur at 
about the same time, around the second or third 
year of life ( 14) . Low blood pressure in the small 
infant could possibly influence the G.F. but G.F. 
increases over a period of several months when the 
arterial blood pressure is more or less constant, 
indicating a lack of correlation between these 
two. Salmi (15) and Taussig (16) have shown 
that the arterial blood pressure in infancy changes 
very little from one week of age until four years 
of age. The anatomical fact that throughout 
childhood, and particularly in infancy, the ratio 
of the renal cortex to the medulla is lower than 
in the adult (14) might lead us to expect a low 
G.F./Tmr-.\n ratio. However, our figures do not 
substantiate such an expectation; an indication 


TABLE II 


Glomerular fiUraiion rate related to various body measurements 
in individual patients, arranged according to age 





G. 

F.. cc ./ ntm . per 


Patient 

Age 

Wt. 

Ht. 

S.A. 

Av. 

kidney 

wt. 

Av. 

B.M.R. 

L. C. 

R. S. 

E. S. 

B. K. 

J. K. 

B. M. 

G. K. 

K. C. 

A. Y. 

R. B. 

E. D. 

E. D. 

B. K. 

P. C. 

E. J. 

C. P. 

J. s. 

D. K. 

L. W. 

C. M. 

J. M. 

E. S. 

R. M. 

A. G. 

L. T. 

B. S. 

K. M. 

H . B. 

K. T. 

D. M. 

R. L. 

J. F . 

J. L. 

V. A. 

M. P. 

E. T. 

S. P. 

R. M. 

T. Z. 

J. D. 

D. M. 

J. M. 

D. T. 

A. B. 

I . R. 

R. S. 

K. E. 

A. S. 

D. G. 

E. M. 

S. C. 

J. D. 

J. C. 

H. M. 
M. W. 
M. T. 

J. K. 

C. W. 

A. R. 

C. M. 

B. T. 

D. M. 
iM. J. 

Mo . 

1/15 

1/4 

1/3 

1/3 

1/2 

1/2 

1/2 

2/3 

2/3 

2/3 

3/4 

1.8 

1.8 

2.0 

2.1 

2.5 

2.6 

3.3 

3.5 
3.9 

4.5 

4.5 

6 

6.2 

7.0 

7.3 
7.3 

7.5 

7.6 
8.8 

9.0 
10.0 

11.7 
12.2 
12.3 
13 

13.7 
15 

17 

17 
17.5 

18 

19 

19 

25.7 
27 

30 

30 

31 

34 

45 

47 

50 

75 

76 

78 

S 3 

84 

102 

108 

120 

138 

142 

Kg . 

2.15 

1.87 

2.14 
2.35 

1.97 

1.41 

1.89 

2.58 

2.31 
1.33 
2.20 

3.14 
2.54 

2.15 
2.54 

2.04 
2.70 
2.66 
2.37 

1.94 

2.98 
2.47 
3.18 
4.56 

1.59 

2.90 
3.46 

4.15 
2.96 
2.06 

3.68 
2.98 
3.92 
3.22 

3.42 
4.24 
3.22 

2.95 
2.76 

3.90 
6.00 

1 3.49 

2.78 

3.69 

2.60 
3.41 

3.41 

4.05 
2.20 
2.40 

3.79 
4.10 

3.74 

3.06 
3.39 
2.76 

3.32 
2.76 

2.43 
3.26 

2.75 
2.95 

2.42 

cm , 

0.103 
0.123 
0.126 
0.147 
0.104 
0.103 
0.135 
0.137 
0.13 
0.08 
0.125 
0.207 
0.156 
0.197 
0.188 
0.187 
0.188 
0.165 
0.195 
0.111 
0.326 
0.275 
0.24 
0.29 
0.19 
0.33 
0.42 
0.454 
0.34 j 
0.25 
0.45 
0.305 
0.36 
0.38 
0.475 
0.40 
0.39 
0.25 
0.413 
0.49 
0.68 
0.57 
0.37 
0.58 
0.33 
0.37 
0.39 
0.53 
0.36 
0.41 
0.675 
0.58 
0.62 
0.64 
0.53 
0.47 
0.55 
0.49 
0.53 
0.62 
0.505 
0.51 
0.57 

sg . m . 

24.8 

27.1 

30.3 

33.5 

26.6 

21.4 

28.9 

35.2 

32.4 

18.5 

31.8 

48.4 

37.5 

36.6 

39.8 

35.8 

42.1 

41.1 
40.5 

28.8 

55.4 

45.1 

54.5 

73.9 

30.0 

54.4 

66.2 

77.5 

56.0 

39.9 , 

71.6 

55.5 

71.6 

63.8 

71.9 

78.5 

64.5 

49.6 

60.9 

80.5 
119 

78.0 

56.6 

82.0 

53.0 

69.5 

72.0 

88.0 

50.3 

59.0 

91.5 

92.0 

93 0 

84.3 

80 

77.8 

80 

69.5 

68.0 

84.5 

69.5 
74.0 

69.4 

Gm . 

0.224 

0.262 

0.268 

0.313 

0.213 

0.215 

0.28 

0.28 

0.27 

0.16 

0.25 

0.39 

0.29 

0.37 

0.35 

0.33 

0.34 

0.28 

0.33 

0.18 

0.55 

0.44 

0.36 

0.44 

0.27 

0.48 

0.60 

0.66 

0.49 

0.35 

0.61 

0.41 

0.47 

0.48 

0.61 

0.50 

0.48 

0.28 

0.44 

0.57 

0.78 

0.65 

0.37 

0.65 

0.31 

0.39 

0.40 

0.53 

0.375 

0.43 

0.66 

0.53 

0.59 

0.63 

0.525 

0.41 

0.53 

0.475 

0.49 

0.55 

0.43 

0.32 

0.46 ; 

cal ./ hr . 

1.03 

1.1 

1.1 

1.25 

0,88 

0.9 

1.17 

1.17 

1.15 

0.65 

0.95 

1.3 

0.99 

1.14 
1.10 

1.0 

1.0 

0.77 

0.90 

0.5 

1.41 

1.15 
0,91 
1.10 
0.69 
1.22 
1.54 

1.7 

1.25 

1 0.90 

1.6 

1.1 

1.3 

1.35 

1.7 

1.4 

1.3 

0.8 

1.2 

1.6 

2.2 

1.8 

1.0 

1.8 

0.86 

1.1 

1.1 

1.5 

1.05 

1.2 

1.9 

1.6 

1.7 • 

2.0 

1.6 

1.3 

1.7 

1.5 

1.65 

1.9 

1.6 

1.3 

! 1.9 

Adult 


2.0 

0.8 

76 

0.44 

2.0 
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that even the mass of tissue in the early months 
of life is not closely correlated with function. 

Throughout these calculations of renal clear- 
ance we have correlated the data collected in the 
infants and children to adult values using surface 
area as the basis for comparison, as the principle 
of correlating renal function to surface area has 
been widely accepted (5, 17-19). Since this may 
not be the best point of reference, we have also 
given the absolute values. In order to determine 
if surface area is the best basis of comparing the 
G.F. in the growing child to that of the adult, we 
have related in Table II the G.F. (in cubic centi- 
meters per minute) at different ages throughout 
childhood to several different measurements of 
reference: such as (1) body weight in Kg., (2) 
body height in cm., (i) body surface area in 
sq.m., (4) average kidney weight in Gm., and (5) 
average basal metabolic rate in calories per hour, 
and have compared these ratios to the adult values. 
The values for average kidney weight in the dif- 
ferent age groups were obtained from the data of 
Peter (14), and the average values for basal ca- 
loric expenditure per hour were obtained from 
Washburn and Iliff (20). It is apparent that 
when body weight is used as the measurement of 
reference, the data are very irregular. In many 
of the smallest infants the values are above the 
adult range and after six months of age they are 
considerably above this level with a gradual decline 
of the values from a high point during the sec- 
ond and third years of life. When body height is 
used as reference, there is a gradual increase in 
the G.F. with growth and the irregularity is less 
marked than with body weight. However, under 
these circumstances the values in older children 
are still much below adult values and this seems 
unreasonable in the face of other evidence of 
renal functional maturity in this age group. 
When surface area is used as standard, occasional 
adult values are reached around six months of 
age but the values are not consistently in the adult 
range until about the second year. Using basal 
caloric expenditure as reference, there is little 
change throughout the first six months. After 
this age the trend is irregularly upward. This in- 
crease is slower than the rise seen when surface 
area correction is used, as might be expected con- 
sidering the fact that children have a higher basal 
metabolic rate per sq.m, surface area than adults. 


When kidney weight is used as reference, there i 
gradual increase of the G.F. per unit of kidne 
mass, with maturation being reached between th 
fourth and fifth months of life. After this ag 
and throughout childhood the values more closel 
parallel the adult values than when any othe 
measurement of reference is used. This is th 
more remarkable since the values for kidney weigh 
and basal metabolic rate at different age level 
represent average values obtained from the litera 
ture, whereas, the weight, height, and surface are 
were measured in the individual patients, who i 
many instances deviated considerably from averag 
standards. 

It has been shown that the mannitol/inuli 
clearance ratio may be less than one (21). Thi 
fact does not invalidate the above data since th 
same procedure (mannitol clearance) was used i 
all the age groups and the values were compare 
to adult values obtained with the same substanc 
( 12 ). 

SUMMARY 

1. The glomerular filtration rate, effective ren 
plasma flow, tubular excretory capacity for PA 
and urea clearance have been measured in 63 no 
mal infants and children between the ages of riv 
days and 12 years in order to determine the mat 
ration rate of these individual renal functions. 

2. In general, when corrected to standard adu 
surface area, the clearance values were lowest i 
the smallest infants and gradually rose to reac 
adult values around the second year of life. Matu 
ration was most rapid in the first six months, the 
proceeded more slowly. The youngest child i 
whom all functions were within the adult rang 
was seven months of age. The average chil 
however, did not show complete maturation 
all functions studied before the end of the secon 
year, although individual functions, particular! 
TmpAH, were often found to be mature at a muc 
younger age. 

3. G.F. was found to be closely correlated t 
adult values after the first few months of life whe 
kidney weight is used as the basis for compariso 
When body weight and height are used as th 
basis for comparison, the data are very variabl 
and show no regular maturational trend. Whe 
the surface area is the basis of reference, the matu 
ration rate seems slower than when kidney weigl 
is used. Since in the literature the surface arc 
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is most commonly used as the basis for compari- 
son with adult values, our graphic charts have 
been constructed using surface area correction. 

4. Simultaneous ratios of the various functions 
were calculated to show relative rates of matura- 
tion. In general, it might be said that the ratios 
show wider variability in the early part of life 
than later on. The data indicate that these indi- 
vidual functions develop at irregular rates; one 
function might reach maturity in a given child 
earlier than another, and in a second child the re- 
verse may occur. 

a. There is a tendency toward high filtration 
fractions (G.F./P.F.) in the early months of life 
which continues through the second and third 
years. 

b. The rate of TmpAH maturation is extremely 
irregular, resulting in great irregularity in the 
ratios in which TmpAH is involved. 

c. Several of the children under two years of 
age had a rate of P.F. closer to the adult range 
than was the TmpAH (high P.F./Tiupah ratio) 
but this high ratio was also occasionally seen in 
older children. In most of the determinations 
even in the very young infants the P.F./TmpAH 
ratio was close to adult values to show roughly 
parallel rates of maturation. 

d. The various ratios estimated would suggest 
that there is a tendency for G.F. to be more ma- 
ture in the youngest infants than the other func- 
tions measured. 
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The nitrous oxide technique for the semiquanti- 
tative measurement of cerebral blood flow devised 
by Kety and Schmidt (1, 2) has made it desir- 
able to restudy the cerebral circulation in man in 
various physiologic states. By measuring ar- 
terio-internal jugular differences of oxygen and 
glucose, the relation between changes in cerebral 
blood flow and cerebral metabolism can be ob- 
served. The purpose of this report is to record 
our findings in the use of the nitrous oxide tech- 
nique in 33 observations on 20 normal young men ; 
in the comparison of certain cerebral metabolic 
functions on 14 normal young men in the supine 
and erect postures; and in observations on the 
effects of apprehension on the cerebral circulation. 

METHOD 

Seventeen of the 20 subjects were normal, male medi- 
cal students ; the other three (W. Me., D. M,, and R. H. 
in Table I) were hospital patients who showed no evi- 
dence of disease. All the subjects were studied in the 
fasting state. Following local procainization, a 19 gauge, 
6.5 cm. needle was inserted into the right internal jugular 
bulb in the manner described by Myerson (3), and an 
arterial needle was inserted in the right femoral artery. 
Following this the patient was allowed to lie quietly for 
40 to 50 minutes before the procedure was continued. 

The essential nature of the experiments ascribed in all 
theoretical details to the nitrous oxide method described 
by Kety and Schmidt (1, 2), but the mean arterio-venous 
nitrous oxide difference for the 10 minute period was 
measured differently. Instead of drawing five separate, 
simultaneous samples from the artery and vein for the 
plotting of the nitrous oxide curves, simultaneous con- 
tinuous samples (called integrated samples) were drawn 
from the artery and vein into heparinized, oiled syringes 

^ This work was supported by a grant from the Anna 
M. Hanes Research Fund. 

-Holder of American College of Physicians Clinical 
Fellowship 1948-1949. 


at the rate of 0.25 ml. every 7,5 seconds for the enti 
10 minute period of gas inhalation. That this can 
done accurately was demonstrated by drawing simil 
integrated samples simultaneously from the two femo 
arteries in four subjects while the subject breathed t 
nitrous oxide mixture; the mean nitrous oxide conte 
of these samples were identical in each subject, Wh 
the collection of the integrated samples is complete, t 
gas is continued for another 20 seconds while simulta 
ous samples of 6 ml, each are drawn from the artery a 
vein. These are used for the determination of the le% 
of the arterial and venous nitrous oxide contents, resp 
tively, at the end of 10 minutes of inhalation. The veno 
sample represents the cerebral nitrous oxide concent 
tion per gram of brain, since after 10 minutes the inter 
jugular blood and brain nitrous oxide should be in eq 
librium and the solubility coefficient for nitrous o,xi 
between blood and brain has been shown to be ab 
1.0 (4). The arterial sample serves as an internal che 
on the accuracy of the procedure. It should closely ag 
with the venous sample at that point, since in nor 
subjects the arterial curve has almost always flatten 
out at 10 minutes, and equilibrium between arterial a 
cerebral venous blood is approaching; lack of agreem 
indicates technical error, poorly-placed venous needle, 
unsteady gas administration, any of which would inva 
date the observation. In our experience, the agreemc 
in each instance has been close, the greatest variati 
being 0.44 volumes % nitrous oxide in a subject with 
relatively slow flow, and the average variation in 49 
terminations being 0.24 volumes %. The nitrous o,xi 
mixture is always given in such e,xcess that only 
extremely gross leak could alter the determination, 
is felt that this is probably of small import actually, f 
our figures have not varied in subsequent patients, 
whom a self-retaining mask was used. The potent 
advantages of the integrated sample technique will 
dealt with at the end of this section. 

The blood samples were placed in ice immediately 
being collected, the usual precautions having been tak 
to assure the absence of air bubbles. The pH of 1 
integrated arterial sample was measured with a gl; 
electrode by means of a Beckman pH meter immediati 
after each blood flow. 
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The subject was allowed to remain supine for 20 to 25 
minutes following the first blood flow ; then the table was 
tilted so that the subject stood erect at an angle of 65° 
to the horizontal. In this position the weight was sup- 
ported partially by the legs and partially by leaning 
against the table. When the subject’s blood pressure and 
pulse stabilized, and he showed no signs of ensuing syn- 
cope, the same procedure of gas inhalation and blood 
withdrawal was performed. The patient was then put 
supine, and if he was not uncomfortable or tired, a third 
flow was done after a wait of 25 minutes. 

The arterial pressure was measured by auscultation 
every two minutes during the supine flows and every 
minute during the erect. In both positions measurement 
was always done with the subject’s arm held at approxi- 
mate heart level. From these readings average mean 
pressures were computed by adding one-third of the 
pulse pressure to the diastolic pressure. This method is 
in use in other laboratories, and observations here have 
shown that the mean pressure calculated in this way is 
about the same as that measured by the Hamilton manom- 
eter. In 91 observations in this laboratory the mean 
pressure calculated by adding one-third of the pulse 
pressure to the diastolic pressure on the manometer trac- 
ings varied on the average of 3 mm. Hg from the mean 
pressure calculated by the planimeter method. In order 
to have altered the accuracy of our comparisons of cere- 
bral vascular resistance in the supine and erect posture, 
the error in mean arterial pressure would have had to 
be in the neighborhood of 25 mm. Hg, and consistently 
so. The pulse rate was measured every two to three 
minutes. Internal jugular venous pressures were meas- 
ured by means of a spinal fluid manometer; the zero 
point was considered to be the needle level. 

Arterial and venous samples were drawn simultane- 
ously before and after each flow for glucose determina- 
tions, which were done by Nelson’s photometric adapta- 
tion of the Somogyi method (5). The average of the 
two A-V glucose differences for each flow is used as 
the result. 

In seven instances, single samples, drawn before and 
after the flows, were analyzed for oxygen by the Van 
Slyke manomctric method (6) and averaged. In all 
other instances, oxygen determinations were made on the 
integrated blood samples by means of the Beckman spec- 
trophotometer, using the method described by Hickam 
and Frayser (7). 

The blood samples were analyzed for nitrous oxide 
by Kety’s modification (2) of the original method of 
Orcutt and Waters (8). Here again certain modifica- 
tions were made to suit our needs. The determinations 
were done on two different machines by two technicians, 
serving as checks on each other. The results were dis- 
carded if the calculated cerebral blood flows from the 
two machines did not agree within 10%. In all but 
three instances the flows agreed within 7%. Five ml. 
blood samples were used in the analyses on the inte- 
grated arterial and venous samples. This was done in 
order to give a larger volume of gas and thus render the 
difference of the manometer readings between the arterial 


and venous samples 2.5 times as great as with 2 ml. sam- 
ples, and accordingly reduce the percentage error of the 
individual determinations. The mean arterio-venous ni- 
trous oxide difference must be determined carefully, for 
a variation in this difference of 0.01 volumes % is equiva- 
lent to a variation of 0.09 volumes % in the final venous 
nitrous oxide sample. Samples of internal jugular blood, 
drawn immediately before each flow, were used for the 
blank determination. The difference between the blank 
samples on the same individual were negligible; it never 
varied more than 0.25 volumes %. A sample determina- 
tion is as follows; 

Blank =1.23 volumes %, 

Integrated arterial sample = 5.34 volumes %, 

Integrated venous sample = 4.53 volumes %, 

Mean arterio-venous nitrous oxide difference for 10 
min. = 0.81 volumes %, 

Single venous nitrous oxide sample at 10 min. (Ft) = 
5.05 volumes %, 

Single arterial nitrous oxide sample at 10 min. (At) = 
5.19 volumes %. 

The cerebral blood flow can be calculated simply from 
these data; 

CBF = Q gj y ]^Q X 100 = 62 ml./min./lOO gm. brain. 

The factor 100 is to convert the answer to units of per 
100 gm. of brain, to be consistent with other data in the 
literature. The factor 10 converts the mean arterio- 
venous nitrous oxide difference per unit time (one min- 
ute) into the total mean arterio-venous nitrous oxide 
difference for the entire 10 minute period. The denomi- 
nator is thus equivalent to Kety’s expression Jl^'^(A-V)dt 
In 49 complete cerebral blood flow analyses done by two 
technicians on different Van Slyke machines, on normal 
supine subjects, the following mean figures were obtained 
for the integral parts of the formula; ft^°(A-V)dt — 7.ll 
volumes per cent; F. =4.68; At=A.92 with standard 
errors of 0.30, 0.05, and 0.09 respectively. 

In this study the direct measurement of the mean 
arterio-venous nitrous oxide difference has the following 
advantages over the calculations of the mean difference 
from five separate samples; (1) Since only five Van 
Slyke analyses (and checks) are required for each blood 
flow (11 analyses [and checks] are required for the 
original method), several blood flows can be done the 
same day without straining the laboratory facilities. (2) 
It seemed more accurate to allow the body to integrate 
the samples than to draw curves through individual 
points. (S) Smaller quantities of blood can be used if 
necessary. 

It is important to keep in mind that the nitrous oxide 
method measures only the mean cerebral blood flow over 
the 10 minute period of gas inhalation. Results ob- 
tained when the flow might be changing must be inter- 
preted in that light; otherwise erroneous conclusions may 
be made. For example, if a subject had an abnormally 
rapid blood flow during the first five minutes of the 
o serration, the nitrous oxide content of the cerebral 
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venous blood may have reached or approached equi- 
librium with the nitrous oxide concentration of the brain 
at five minutes rather than 10 minutes, so that even if 
the blood flow fell to a very low level during the second 
five minutes, the analyses of the bloods would show a 
small mean arterio-venous nitrous oxide difference, and 
the flow would be calculated as being rapid. In studies 
on erect subjects, it is possible that the cerebral blood 
flow was falling progressively during the entire time, in 
which case an accurate mean flow for that period could 
be calculated. If, however, the flow was stable for the 
first six to eight minutes, and then fell rapidly during the 
last two to four minutes, the recorded blood flow would 
be calculated falsely high. It would seem, therefore, that 
if there is a mistake in our comparison of the supine and 
erect flows, it is that the average flow in the erect 
posture was actually lower than we have recorded it, 
and that the difference between supine and erect flows is 
even greater than our figures indicate. This can be 
checked by drawing cerebral arterio-venous oxygen dif- 
ferences before and after the flow, which we did in five 
instances, as mentioned in the results. If the flow falls 
progressively the integrated arterio-venous oxygen dif- 
ference will be equal to the average of those drawn 
before and after. In our five subjects this was true. 
The formulae for the calculation of various metabolic 
functions discussed in this paper are given below: 

Cerebral O 2 consumption (CMR O 2 ) = CBF X ^ 
in ml, Oj/min./lOO gm. brain. 


Cerebral glucose consumption (CMR gl.) = 

y, A V^ucose mgm. glucose/min./lOO g 

brain. 

Cerebral vascular resistance 

mean arterial pressure 
(CVR) ggp 

in mm. Hg/ml. blood/100 gm. brain/min. 

RESULTS 

Normal Values. The essential data are given ■ 
detail in Tables I and IL The cerebral blood flo . 
supine varied from 50 to 103 ml./min./lOO g ■ 
brain. Our mean figure for cerebral blood flo 
is 65 ml./min./lOO gm. brain (standard error 2.1} 
this is a significant difference statistically fre 
the mean of 54 (standard error 2.1) reported 1 
Kety (2), as indicated by the small standard " 
rors of the two groups. The reasons for this d! 
ference are not clear : The average age of the si 
jects or differences in the techniques in the Lw 
laboratories may be responsible. The cereb 
arterio-venous oxygen differences supine Vv.i1 
from 4.4 to 7.6 volumes % with a mean of 6.0> 
the mean reported by Kety is 6.3. The cereb . 
oxygen utilization ranged from 3.1 to 5.2 • . 


TABLE I 

Cerebral metabolic functions in normal individuals in the supine and erect postures 


Subject 

Age 

Surface 

area 

Average 
pulse rate 

Angle 

tilted 

Apprehen- 

sion 

Cerebral blood flow 
ml./min./lOO gm. brain 


A-V Oi diff. 
vol. % 



sq. M. 


degrees 

0-^-1- 

Slip. 

Er. 

Sup. 

Sup. 

Er. 

Sup. 

J. G. 

27 

1.92 

90 


2+ 

103 


93 

4 . 37 * 


4.63* 

R. K. 

24 

1.89 

70 


3-f 

50 



7.23* 



J. C. 

24 

2.01 

60 

65° 

0 

64 


65 

7.00* 

6.33* 

6.34* 

L. S. 

24 

1.80 

75 

65° 

0 

78 

51 

56 

5.53 

7.01 

5.42 

R. M. 

29 

1,81 

68 

65° 

0 

62 

S3 

59 


8.83* 

8.84* 

H. D. 

27 

1.82 

76 

65° 

2-1- 

61 

48 


5.85 

7.83 

7.19* 

D. M. 

31 

1.98 

74 

65° 

2+ 

52 

40 


5.91 

9.78 


G. C. 

23 

1.86 

64 

65° 

0 

65 


71 

6.05 

6.66 

6,18 

J. C. 

25 

2.00 

76 


1-f 

66 



5.08 

6.41* 


D. D. 

22 

2.24 

60 

45° 

0 

63 

56 

58 

5.13 

6.13 

5.10 

P. S. 

22 

1.73 

86 

50° 

2-1- 

62 

53 

59 

5.99 

7.20 

5.68 

W. B. 

27 

2.14 

72 

40° 

l-h 

68 

42 

54 

6.07 

9.81 

5.95 

J.T. 

26 

2.03 

80 

45° 

0 

61 

45 

56 

6.33 

7.43 

6.25 

J. R. 

23 

1.93 

60 

65° 

0 

97 

81 

78 

5.09 

5.35 

4.80 

J. S. 

26 

1.72 

72 

65° 

0 

54 

42 

63 

5.75 

6.65 

4.95 

J H. 

28 

1.89 

64 

65° 

0 

65 

57 

61 

5.43 

6.12 

5.67 

T. C. 

21 

2.04 

73 

50° 

2-1- 

58 

51 


6.74 

9.37 

7.64 

W. Me. 

19 

1.69 

100 


2-1- 

55 



7.60* 



D. M. 

18 

2.19 

60 


0 

62 



6.30* 



R. H. 

36 

1.86 

70 


0 

56 



6.70* 



Mean 






64.9 

51.6 

64.4 

6.01 

7.39 

5.98 


Sup. = Supine. 

Er. = Erect. 

* These figures are the averages of Oj determinations on two individual samples, one drawn before the blood fii. 
and the other at the end of the flow. All others are determinations on integrated samples, collected throughout thi 
procedure, as described in the text. 
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TABLE I — Continued 


Subject 

A-V glucose diff. 
mgm. % 

Cerebral Oi utilization 
ml. Ozimin.l 

100 gm. brain 

Cerebral glucose 
utilization 
mgm. glucose/min./ 

100 gm. brain 

Effective mean cerebral 
arterial pressure 
mm. Hg 

Cerebral vascular 
resistance 
mm. Hg/ml. blood/ 

100 gm. brain/min. 


Sup. 

Ur. 

Sup. 

Sup. 

Ur. 

Sup. 

Sup. 

Ur. 

Sup. 

Sup. 

Ur. 

Sup. 

Sup. 

Ur. 

Sup. 

J. G. 

6 


8 

4.50 


4.31 

6.18 


7.43 

94 


80 

0.91 


0.86 

R. K. 

10 



3.62 



5.00 



86 



1.70 



J. c. 

9 

11 

9 

4.48 


4.05 

5.75 


5.84 

86 

56 

90 

1.34 


1.35 

L. S. 

9 

12 

7 

4.31 

3.58 

3.03 

7.00 

6.13 

3.94 

87 

46 

78 

1.11 

0.90 

1.39 

R. M. 





4.68 

5.18 




70 

49 

71 

1.13 

0.93 

1.20 

H. D. 

14 

8 

13 

3.57 

3.77 


8.54 

3.84 


82 

52 


1.34 

1.08 


D. M. 

9 

7 

11 

3.08 

3.90 


4.68 

2.80 


100 

50 


1.93 

1.25 


G. C. 

11 

11 

11 

3.93 


4.32 

7.15 


7.58 

73 

46 

74 

1.12 


1.04 

J. c. 

12 

7 


3.35 



7.92 



81 



1.16 



D. D. 

8 

13 

8 

3.33 

3.43 

3.06 

5.20 

6.72 

4.62 

91 

61 

89 

1.40 

1.09 

1.48 

P.S. 

13 

13 

16 

3.71 

3.82 

3.35 

8.06 

6.90 

9.46 

72 

51 

75 

1.16 

0.96 

1.27 

W. B. 

12 

14 

10 

4.12 

4.12 

3.21 

8.16 

5.90 

5.92 

90 

60 

79 

1.32 

1.43 

1.46 

J-T. 

9 

8 

10 

3.86 

3.35 

3.50 

4.27 

3.60 

5.60 

92 

73 

92 

1.51 

1.62 

1.64 

J R- 

7 

11 

7 

4.93 

4.33 

3.75 

6.30 

8.50 

5.08 

85 

62 

84 

0.88 

0.77 

1.07 

I. S. 

12 

9 

8 

3.11 

2.80 

3.12 

6.75 

4.00 

4.72 

78 

57 

77 

1.44 

1.35 

1.22 

J. H. 

9 

11 

11 

3.53 

3.49 

3.46 

5.85 

6.27 

6.71 

80 

59 

79 

1.23 

1.03 

1.29 

T. C. 

11 

14 

12 

3.91 

4.72 


6.10 

7.15 


84 

50 

87 

1.45 

0.98 

W. Me. 




4.18 






92 



1.67 



D. M. 

7 



3.78 



4.34 



90 



1.45 



R. H. 

9 



3.74 



5.60 



70 



1.25 



Mean 

9.6 

10.6 

10.0 

3.84 

3.83 

3.69 

6.27 

5.61 

6.08 

84.5 

55.1 

81.2 

1.33 

1.12 

1.27 


oxygen/min./lOO gm. brain. The mean figure 
for cerebral oxygen utilization obtained here was 
3.8 ml. oxygen/min./lOO gm. brain, while that ob- 
tained in Kety’s lab was 3.3. The difference is 
due to the difference in the figures for cerebral 
blood flow. The other values are quite similar to 
those reported from other laboratories (9-12). 

The cerebral vascular resistance in the supine 
position ranged from 0.86 to 1.93, with a mean 
of 1.31. The cerebral vascular resistance has been 
. ^ mean arterial pressure 

° ^ cerebral blood flow 


disregarding the internal jugular pressure. Only 
preliminary observations on internal jugular pres- 
sure were made ; further studies are now in prog- 
ress and will be reported at a later date. The 
available measurements indicate that the average 
fall in internal jugular pressure on assuming the 
erect posture is 60 mm. water. 

The cerebral arterio-venous glucose differences 
supine ranged from 6 to 16 mgm. Jo, and the 
cerebral glucose utilizations varied from 3.9 to 9.5 
mgm. glucose/100 gm. brain/min. The ratios of 
cerebral arterio-venous glucose difference to ar- 


TABLE II 

Cerebral inelabolic functions in normal persons in the supine posture 


• Standard deviation ~ s = 


v 


(S.r)’ 



No, of 

determinations 

Mean 

Std, dev.* 

std. errort 

CBF {ml./min./lOO gm. brain) 

A-V 0: difT. {vol. %) 

32 

64.7 

12.1 

2.14 

33 

6.02 

0.81 

0.14 

A — V glucose di(T. {mgm. %) 

32 

9.94 

2.39 

0.42 

CMR 0: {ml. OJmin.llOO gm. brain) 

31 

3.79 

0.55 

0.09 

CMR glucose {mgm. glucose { min. f 100 gm. brain) 

29 

6.20 

1.41 

0.26 

Mean arterial pressure {mm. Hg) 

Cerebral vascular resistance {mm. Hglml. blood/ 

33 

83 

8.32 

1.45 

100 gm. brain/min.) 

32 

1.31 

0.24 

0.04 

A — V glucose/A — V Oi ratio 

31 

1.67 

0.353 

0.06 


Coeff. of 
variation 


19 % 

13% 

24% 

13% 

22 % 

10 % 

18% 

21 % 


n - 1 


t Standard error = 


5 

r** 
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TABLE III 


Relationship of cerebral blood flow to apprehension 


Subject 

Apprehensive 
Ccrcbra! blood flow 

Subject 

Not apprehensive 
Cerebral blood flow 


mU/min./stj. M. 


ml.lmin.lsq. M. 


body surface 


hady surface 

J.G. 

700 

J. c. 

453 

R. K. 

370 

L. S. 

521 

H. D. 

470 

R.J. 

472 

D. M. 

368 

G C 

512 

P. A. 

494 

D. D. 

382 

W. B. 

399 

J.T. 

407 

W. McL. 

452 

J. R. 

638 

J. C. 

462 

J.s. 

480 

T. C. 

398 

J.H. 

467 



D. M. 

397 



R. H. 

422 

Mean 

457 

Mean 

468 


terio-venous oxygen difference varied from 1.10 to 
2.46, a mean of 1.67, The variations are probably 
related primarily to the method of glucose deter- 
mination. It is interesting that, although the ex- 
pected ratio is 1.34, the figure obtained in this 
study corresponds closely to that of 1.62 obtained 
by Gibbs et al. (12) in 50 determinations on 25 
schizophrenic and epileptic patients. There is no 
evidence for altered cerebral metabolism in such 
subjects (13). There is no indication that inhala- 
tion of IS per cent nitrous oxide alters this figure. 
Since our present knowledge of normal brain 
metabolism is incomplete, as recent studies (14) 
have demonstrated, it may well be that the ratio of 
1.34, anticipated from the chemical equation of the 
complete breakdown of glucose to carbon dioxide 
and water is inaccurate. Though oxygen : carbon 
dioxide ratios have indicated a cerebral R.Q. of 
about 1.00, it is entirely possible that other mecha- 
nisms, such as the partial oxidation of glucose to 
pyruvic and lactic acids, and the conversion of 


carbohydrate to fat, may fortuitously place t 
figure at 1.00. 

Apprehension. The effect of apprehension 
cerebral blood flow is summarized in Table II 
The criteria used to determine apprehension wer 
(i) clinical observations, (2) rapid pulse, and {3 
elevated systolic pressure. Those subjects w 
were considered to be apprehensive had a range 
cerebral blood flow from 370 to 700 ml./min 
sq.M. body surface; those who were not consi 
ered to be apprehensive had a range of 382 
638. There is no significant difference between t 
means of these two groups. 

Posture. The effects of changing the subjec 
from the supine to the erect position are su 
marized in Table IV. The mean cerebral arteri 
pressure in the erect position was calculated b 
subtracting from the mean erect brachial arteri 
blood pressure the vertical distance in mm. H 
from the second rib to the mid-cerebrum. Th 
can easily be calculated since the patient’s ang] 
to the horizontal plane is known. Although \\ 
did not make direct measurements of the caroti 
pressure in the erect position, it is felt that t 
application of hydrostatic laws to the circulatio 
justify this assumption. Measurements of co 
mon carotid arterial pressure with the subjects i 
a vertical head-up position by Loman (15 
showed a mean fall of 20 mm. Hg in 23 observ 
tions. This figure closely corresponds with ou 
calculated one of 22 mm. Hg fall, if it is con 
sidered that our subjects were only tilted to 65 
and that the mid-cerebrum is about 15 cm. cephala 
to the point at which Loman and his group wer 
measuring. 

The cerebral blood flow in the erect positio 
varied from 40 to 81 ml./min./lOO gm. brain, wit 


TABLE IV 

Alterations of cerebral metabolic functions on changing from the supine to the erect posture 



No. of 
Comparisons 

Mean 

P value* 

Change 



Supine 

Erect 1 


% 

CBF {ml.lmin.llOO gm. brain') 

A-V Oj diff. {vol. %) 

13 

65.1 

51.6 j 

<0.01 

-21 

13 

6.00 

7.39 

<0.01 

+23 

Slucose diff. {mgm. %) 

14 

10.10 

10.60 

>0.5 

C-Mk U: (ml. VtImin.llOO zm. brain) 

13 

3.84 

3.83 


CMR glucose (mgm. glucose ! min. ! 100 gm. brain) 

11 

6.40 

5.61 

0.2 


Mean Arterial pressure (mm. Hg) 

14 

84.0 

55.0 


-34 

eVk (mm. Mg/ml. blood/100 gm. brain/min.) 

12 

1.33 

1.12 

<0.01 

-16 

A— V glucose/A— V Os ratio 

i 

1.76 

1.54 

0.17 



* P value of 0.02 or less is considered significant. 
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a mean of 52. This represented a 21% fall in 
cerebral blood flow over the supine position. 
This is a highly significant change statistically. 
Observations reported by Shenkin et al. (16) 
using the nitrous oxide technique showed no fall 
in cerebral blood flow in five normal persons 
tilted head-up 20° from the horizontal. 

The cerebral arterio-venous oxygen difference 
in the erect position ranged from 5.4 to 9.8 vol- 
umes %, with a mean of 7.4 volumes %. This 
represents an increase of 23% over the supine 
position, a highly significant change statistically. 

The cerebral oxygen utilization, cerebral ar- 
terio-venous glucose difference, cerebral glucose 

utilization, and ^ y ratio did not change 

A-V oxygen 

significantly. 

The effective mean cerebral arterial pressure 
fell an average of 34% from the supine to the erect 
position. The vertical distance from the second 
rib to the mid-cerebrum in our subjects averaged 
22 mm. Hg ; the average fall in mean auscultatory 
pressure on standing erect was 7 mm. Hg. The 
cerebral vascular resistance in the erect position 
ranged from 0.90 to 1.62, with a mean of 1.12. 
This represented an average fall of 16% from 
the -supine position, a highly significant change 
statistically. 

Because other studies have pointed out the fall 
in cerebral blood flow associated with over-ventila- 
tion (17) the arterial blood pH was measured 
after each blood flow. There was no difference 
between the pH in the supine and that in the erect 
posture, indicating that the observed alterations in 
cerebral metabolism during posture change were 
not related to changes in respiration, insofar as 
these changes could be measured by the blood pH. 

In five instances, cerebral arterio-venous oxygen 
differences were measured when the subject was 
first lilted erect and again just before he was put 
supine, as well as from the integrated samples. 
In every instance the arterio-venous oxygen dif- 
ference increased during the period of the flow, 
indicating the value of the integrated samples 
for accurate calculation of mean cerebral oxygen 
utili'cation. 

COMMENT 

ll'.e values tor tltc various normal metabolic 
fuu.-tions of tltc brain vary over a wide range 


from person to person, and these variations arc 
not altered significantly by relating the values to 
the surface area of the patient. Statistical analysis 
of available anatomical data of brain weight and 
surface area (18) reveals that the correlation co- 
efficient of these figures is between 0.45 and 0.50, 
roughly in the range of correlation of other bio- 
logical variables. The variations from individual 
to individual of the values for cerebral metabolic 
functions seem to be due to two causes : (a) much 
of the variation is probably real, just as there is 
known to be individual variations in other physio- 
logic functions, and (&) technical errors are prob- 
ably partially responsible, as are minor anomalies 
in the anatomy of the internal jugular circulation. 
There seems to be no way of predicting at present 
whether contamination of the jugular blood by a 
vein draining the subcutaneous and deep tissues 
of the face would erroneously raise or lower the 
calculated cerebral blood flow. If arterio-venous 
shunts in the skin were open and contributed to 
the contamination, the figure would be falsely high ; 
if the contaminating vein drained only areas of 
fat, the figure might be falsely low. Studies to 
clarify this problem are’ in progress. 

The accumulated data on normal individuals 
seem to indicate that the rate of cerebral oxygen 
utilization during the time of the experiment is a 
fairly constant figure in any given person, and 
that, lacking clinical signs of cerebral dysfunction, 
the cerebral arterio-venous oxygen difference in- 
creases as the rate of blood flow falls. The altera- 
tions in cerebral blood flow and cerebral arterio- 
venous oxygen difference on assuming the erect 
posture are of similar magnitude (—21% and -f 
23% respectively) but in opposite directions, so 
that the rate of cerebral oxygen utilization remains 
the same. The same relationship would be ex- 
pected to hold for cerebral blood flow and arterio- 
venous glucose difference, but technical inac- 
curacies involved in performing the analyses for 
blood glucose obviate any definite conclusions on 
this score at present. 

The ability to maintain a stable rate of oxygen 
utilization under most conditions exists in the 
liver (19) as well as the brain. The kidney, on 
the other hand, does not behave similarly, but 
maintains a fairly constant arterio-venous oxygen 
difference in the face of a considerable fall in blood 
flow (20) . Under certain conditions of duress, the 



CKKl-llUAL cniCULATION JN VAUIOUS PHYSIOLOGIC STATES 


1169 


brain also behaves clifTcrcntly ; Ket}' and co- 
workers have shown that in insulin hypoglycemia 
the cerebral blood flow remains stable, while the 
cerebral arterio-venous oxygen and arterio-venous 
glucose difTcrcnccs fall strikingly, giving lowered 
rates of cerebral oxygen and glucose consumption 
( 21 ). 

We have compared this group of normals with a 
group of similar individuals studied by Stead et al. 
(22), on whom the cardiac index in the resting 
state was determined. It seemed fair to make this 
comparison because of these reasons: (ct) The 
subjects were, in both instances, mainly normal 
medical students and were studied under similar 
conditions; {h) The average surface area in the 
two groups was almost identical (1.87 sq.M. in 
Stead’s study and 1.92 sq.M. in this study) ; the 
size of the groups was also the same; and (c) 
the addition of another procedure, such as the 
measurement of the cardiac output, to that of 
measuring the cerebral metabolism, would almost 
necessarily obviate the existence of a basal state in 
the subjects. Table V summarizes these cora- 


TABLE V 


Relationship of cerebral blood flow and cerebral O2 
consumption to cardiac output and total 
Oi consumption 


Cardiac index {llmin./sq. M.)* 

Cerebral blood flow {llmin./sq. M.) 

% Cardiac output to cerebral circulation 
Total O2 consumption {ml./min./sq. M.)* 

Cerebral O2 utilization {ml./min./sq. M.) 

Cerebral O2 consumption as percentage of total Oz 
consumption 


3.3 

0.463 

14% 

128 

27.8 


22 % 


* Stead el al. ( 22 ) ; see text for explanation. 


parisons. Our calculations were made on the basis 
of an average brain weight of 1400 gm. Since we 
were comparing two different groups, only com- 
parisons of means could be made. The data indi- 
cate that approximately 14% of the cardiac out- 
put in the resting state is devoted to the cerebral 
circulation, whereas the cerebral oxygen consump- 
tion is about 22% of the total oxygen consumption 
of the body. If the figures given by Kety and 
Schmidt (17) for percentage of cardiac output 
devoted to cerebral circulation and cerebral oxy- 
gen consumption as percentage of total oxygen 
consumption are recalculated using 1.0 as the solu- 
bility coefficient of nitrous oxide between brain 
and blood, the resultant averages of 15% and 19% 
closely approximate our results. It should be 


pointed out that this agreement appears to be 
fortuitous, for their figures for cardiac output, 
measured by the ballistocardiogram, are moder- 
ately lower than those usually given in measure- 
ments done by the direct Fick principle. 

The finding that the cerebral blood flow is not 
altered in apprehension is of considerable physio- 
logical interest. Although Table III includes only 
cerebral blood flow, no correlation was found be- 
tween apprehension and any aspect of cerebral 
metabolic function measured in this study. The 
cardiac output increases about 40% during ap- 
prehension (22, 23) ; it would be interesting to 
know where the blood goes in this condition. 
Apparently it does not go to the brain, kidney, or 
skin. 

Although our studies have not revealed a quan- 
titative relationship between alterations in the ar- 
terial pressure and cerebral blood flow in the same 
person, there was a definite fall in cerebral blood 
flow with the fall in effective cerebral arterial 
pressure on standing. The significance of the 
fall in cerebral vascular resistance in the erect 
posture cannot be interpreted with available data. 
There are at least two possibilities; (a) The 
cerebral vessels may actually dilate in response to 
a fall in arterial pressure or in response to what- 
ever stimuli result from standing erect. Direct 
observations of the pial vessels of the cat through 
a Forbes window have shown that a fall in arterial 
pressure is a strong stimulus for the production of 
pial vasodilatation (24). {h') The fall in cerebral 
vascular resistance may be the result of a decrease 
in pressure on the venous side of the capillaries, 
since blood in the internal jugular system must 
certainly run down-hill when the subject is erect. 

SUMMARY AND CONCLUSIONS 

1. The nitrous oxide method for measurement 
of cerebral blood flow was used in 33 observations 
on 20 normal young men in the supine posture. 
Modifications in the original method are de- 
scribed. 

2. Normal figures are given for cerebral blood 
flow, cerebral arterio-venous oxygen difference, 
cerebral oxygen utilization, cerebral arterio- 
venous glucose difference, cerebral glucose utili- 
zation, and cerebral vascular resistance. 

3. In normal, resting subjects 14% of the 
cardiac output is devoted to the cerebral circula- 
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tion; 22% of the total oxygen consumption of 
the body is cerebral oxygen consumption. The 
significance of this is discussed. 

4. Observations on apprehensive subjects re- 
vealed no difference in cerebral metabolic function 
from those who were not anxious. 

5. Tilting normal subjects to the erect posture 
resulted in a 21% fall in cerebral blood flow, a 
23% increase in cerebral arterio-venous oxygen 
difference, a 34% fall in effective cerebral arterial 
pressure, and a 16% fall in cerebral vascular 
resistance. 

6. Cerebral oxygen utilization is a relatively 
constant figure in the normal person under ordi- 
nary stresses. Its buffer system is flexible, al- 
lowing the cerebral arterio-venous oxygen dif- 
ference to compensate for relatively large changes 
in cerebral blood flow. 

7. The fall in cerebral vascular resistance in the 
erect position may be the result of cerebral vascu- 
lar dilatation or a decrease in pressure on the ve- 
nous side of the cerebral capillaries. 
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In the study of rheumatic fever there has been 
disagreement and confusion as to the level of 
serum complement (C'). Veil and Buccholz (1), 
Coburn (2), Rachmilewitz and Silberstein (3), 
and others have reported a low complement con- 
tent of the serum, which rises to normal with the 
subsidence of activity. This has been cited as 
possible evidence of the occurrence of an antigen- 
antibody reaction in rheumatic fever, perhaps re- 
lated to a preceding hemolytic streptococcus in- 
fection. Predominantly normal or slightly low 
levels of C' in rheumatic fever were reported by 
Kcllctt and Thomson (4), and more recently by 
deGara and Goldberg (5). On the other hand, 
high values during the early period of rheumatic 
activity and low values later were noted by Hadjo- 
poulos and Burbank (6). In this respect, rheu- 
matic fever did not differ from several other febrile 
illnesses which they studied. The variety of re- 
sults obtained by different investigators may be 
attributed in part to the variety of technics em- 
ployed, and the lack of a rcimoducible quantitative 
method. The purpose of the present study was 
to reevaluate complement levels in rheumatic fever 
with the accurate quantitative method developed 
by i^Iayer, Osier, Bier and Hcidelberger (7, 8), in 
which the 50 per cent hemolytic unit is determined 
spectrophotometrically in the presence of ade- 
quate concentrations of Mg** and Ca**. 

METHOD 


The diluent for all reagents was a barbiturate buffered 
sodium chloride solution (8) with the addition of 1.0 gm. 
magnesium chloride and 0.2 gm. of calcium chloride to 
the 2 liter stock solution. The stock solution was diluted 
1 part up to 5 with distilled water to make an isotonic 
solution of pH 7.3-7 .4. Sheep cells were obtained by 
sterile technic from the external jugular vein of sheep 
and preserved in sterile Alsever’s solution (8). The 
suspension was kept at +2 to + 5° C. and although some 
hemolysis occurred after three or four weeks, cells pre- 
served in Alsever’s solution and washed five times with 
buffered saline were no more fragile or susceptible to 
lysis than fresh cells, and yielded the same results as did 
washed fresh cells. After washing five times, buffered 
saline was added to the cells until a standardized suspen- 
sion was obtained. Standardization was performed by 
lysing exactly 1.5 ml. of the cell suspension with 13.5 ml. 
of distilled water in a 15 ml. volumetric flask. The re- 
sulting solution was read in the Coleman Universal Spec- 
trophotometer at 5500 A and, when standardized in a 13 
mm. square cuvette, gave a value of D„oo = .560, corre- 
sponding to an original cell concentration of about 660,000 
cells per cu.mm, or approximately a 2 per cent suspension. 
The amboceptor was rabbit serum containing antibodies to 
sheep red cells (Lederle) titrated for minimal hemolytic 
potency in the presence of an excess of C. Four mini- 
mal hemolytic units of amboceptor, an excess, were em- 
ployed in each test. The amboceptor was appropriately 
diluted with buffered saline so that it could be mixed in 
exactly equal volumes with the standardized sheep cell 
suspension. The resulting mixture was incubated at 
37 C. for 15 minutes. On lysis of 1.5 ml. of the sensi- 
tized and standardized sheep cell suspension with 6 ml of 
d|sullcd water, a value approximating D„„ = .560 was 
obtained. This value, obtained in duplicate, served as the 
standard for the point of 100 per cent lysis and as a ref- 
erence for the degree of hemolysis in the experimental 


Details of the analytical procedure as outlined by 
Mayer et c.L (S, 9) were carefully observed since this is 
cs<*::'.tia( to cl'tain accurate and consistent results. 


' Tresented at the meeting of th.c Eastern Section, 
.'Xtncricr.n I'ederation for Clinical Research, Philadelphia, 
Decetn’er, 1915. 

Life 


It 


done during tlic tenure of 


' ii'.’.s was ..... u. 

Mf'.ical Kcsrr.rci’, Fcllowslup, ailed in part by 
ni: i'oun'!.iti;n Gift for tl:e Study of Rheu 
i' f. cr. 


'f. 






. , . ana ottier indi- 

P”‘'=sbyterian Hospital, Babies Hospital 
and the Pelham Home for Children. After clotting at 
room temperature for about hvo hours, the blood was 
centrifuged for 10-15 minutes at 2,000 RPM and the 
supernatant serum poured off. The serum was frozen 
immediately and kept in the CO= icebox until used By 

no°ss-W determinations were 

possible at different times and reproducible results were 
chained after storage for seven months. 5^ 0 
^ serum in a mechanical deep freeze unit at - 17“ C did 
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not prcscn'c the C activity. A loss of 25 to 33 per cent 
of the original C activity of the sera occurred in one 
week at this temperature. 

Tests were carried out in centrifuge tubes of 40 ml. 
capacity to allow thorough mi.King. The addition of 
reagents to each tube was made with analytical precision 
in the following order: Exactly 1.5 ml. of the standard- 
ized sensitized sheep cell suspension, buffered saline to 
make a final volume of 7.5 ml. after all reagents are in 
the tube, and serum, diluted 1 to 100 with saline, in vary- 
ing quantities from 1.0 to 6 ml. Each test was performed 
with three different concentrations of serum. In the 
majority of tests, amounts of 1.5, 2.0, and 2.5 ml. of 
diluted serum were satisfactory. After incubation at 
37° C. for 40 minutes with frequent shaking, the tubes 
were centrifuged and the density of the supernates read 
in the Coleman Universal Spectrophotometer at 5500 A. 
The density of the experimental tube divided by the 
density of a completely lysed control tube (approximately 
.560) gave the degree of hemolysis. The amount of com- 
plement was then determined by interpolation on the 
curve for the equation .r = (y/1 — y) i/", where -r = the 
amount of complement (C') in 50 per cent hemoljdic 
units, y = the degree of lysis (7, 10). Preliminary tests 
with human complement showed that the factor 1 /h 
equalled 0.2 as it had in the determination of guinea pig 
complement (8). Usually two, and occasionally all three, 
tubes containing the various amounts of test serum gave 
an amount of hemolysis between 10 and 80 per cent, and 
could be used for interpolation of the 50 per cent unit 
of complement. Not only was this a control of the tech- 


nic at two or three different concentrations of serum, 
but it also permitted the detection of anticomplementary 
activity in the scrum when increasing amounts of serum 
consistently showed proportionately less C' activity. This 
situation did not occur in the scries of sera reported here. 

Error of technic: ® Repeated determination of the same 
samples of serum at different times gave values to within 
+ 1.08 units of C' (+ 1 standard deviation) when the 
same concentration of serum was used in the repeated 
tests. The results of determinations at two different 
degrees of hemolysis (between 5 per cent and 80 per 
cent), e.g., with different amounts of the same serum, 
gave values of +1.8 units, as did the results of deter- 
minations at three different degrees of hemolysis in the 
same hemolytic range. Since the test point employed 
was close to the range of 50 per cent hemolysis, the 
standard deviation of + 1.1 units is applicable to the 
determinations reported. 

RESULTS 

The mean value for the C' content of 50 normal 
individuals aged five to 39 was 37.7 ± 3.9 SO per 
cent hemolytic units per milliliter of serum. The 
distribution of the values in the normal subjects is 

® The writers are indebted to Dr. John W. Fertig, 
Professor of Biostatistics, Columbia University School of 
Public Health, who gave assistance in the statistical 
determination of the error of technic. 



Fig. 1. Distribution of the Serum Complement of 50 Normal Individuals and 
Initial Levels of 50 Patients \vith Acute Rheumatic Fever 
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Fig. 2. RErRESENTATivE Curves of the C' Content During the Course of 

Acute Rheumatic Fever 

Complement content in SO per cent hemolytic units per milliliter of serum is 
charted by the open circles. The Westergren sedimentation rate (ESR) is 
ciiartcd by tlic closed circles and broken line. Heavy black lines indicate period 
of salic3'latc administration. 
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represented by the dotted bar graph in Figure 1. 
The C content of the sera of normal individuals 
was maintained over a period of months with little 
variation. 

Serial determinations of C were done on the 
sera from 50 patients with rheumatic fever. The 
initial values of complement in these individuals 
irrespective of the duration of the active disease 
before coming under observation are shown in 
Figure 1. These values, and the subsequent de- 
terminations of C during the course of the illness, 
are presented in Table I. At the time of the initial 
determination, the scrum complement was in ex- 
cess of 50 units and well above normal in 42 of the 
50 patients; three others, with initially normal 
levels, had a subsequent elevation. Twenty-four 
patients were seen within two weeks after the 
onset of symptoms of rheumatic fever (Tables 
I A and B) and 20 of these had C levels in ex- 
cess of SO units per ml. Of the four patients seen 
in the first hvo weeks in which the level was be- 
low SO units, one (D. H.) had a normal level on 
the day of onset (39 units). In this individual, 
an abrupt increase in C was observed four days 
later concomitantly with the development of more 
manifest symptoms and an elevation of the erythro- 


cyte sedimentation rate. Another of the four pa- 
tients seen early in the course of the disease with 
a C' below 50 units died shortly after a single 
determination revealed no C' activity. The other 
two patients with initial low levels (H. L. and 
C. B. in Table IB and Figure 2) presented low 
curves which gradually reached normal with the 
subsidence of activity. These two patients did 
not present any other unusual finding or differ 
clinically from the majority of patients having high 
complement levels. There was no evidence of an 
accompanying acute nephritis, as might be antici- 
pated from the obsen^ation that several cases of 
acute glomerulonephritis presented low curves 
(11). These two patients, therefore, are the only 
ones which presented low C' curves. The comple- 
ment curves of six other individuals are presented 
in Figure 2 and are representative of the curves of 
the 40 patients wdth elevated complement levels. 
It is apparent that complement is high initially and 
falls gradually to normal. This fall accompanies 
the subsidence of activity, as indicated roughly by 
the curve of the erythrocyte sedimentation rates 
(millimeters after one hour, Westergren method). 
Although many patients developed a rise in anti- 
streptolysin “0” titers, there was no correlation 


TABLE lA 


Tolal serum complement in rheumatic fever related to the stage of the disease 
Cases seen before and during acute exacerbation of rheumatic fever 


Patient 

Complement before the attack 

50 per cent units per ml. serum 

Complement after the attack i 

50 per cent units i 

Comments 

Week of disease 

Onset 

2nd 

3rd 

etc. 

J.H. 

1 mo. before sore throat 43 

Sore throat 1 wk. before the 62 

attack 

64 

67 

57, 66 

57, 65, 65.. 
50 

Charted in Figure 3 

A. N. G. 

1 wk. before recrudescence 52 

51 

48 

26 

30, 38, 50, 45 

Diphasic curve 

A. S. 

4 wks. before recrudescence 39 

60 

42 

43 


Charted in Figure 4 

H. G. 

2 mos. after subsidence of 50 

clinical activity. (ESR* 14) 

60t 

70t 

i 



Died of rheumatic 
myocarditis 2 mos. 
after last determina- 
tion 

A. A. 

2 mos. before recrudescence 36 

42 

53 

48 

64 

62, 60, 44, 50 


J. M. 

6 wks. before recrudescence 37 

4 wks. before recrudescence 52 

2 wks. before recrudescence 48 

60 


41 

41 

after 1 mo. 

Charted in Figure 4 


* Westergren sedimentation rate, 
t Asymptomatic but ESR suddenly 100. 
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TABLE IB 

Cases seen within two weeks of onset of acute rheumatic fever 


Patient 


Complement content of serum SO per cent units per ml. 

Comment 

Duration of 

illness before 

Weeks under observation 

observation - 

1 

2 

3 

4 

etc. 

D. H. 

1 day 

39 

76 


48 


C' paralleled rise and fall of ESR 

A. Ek. 

1 day 

76 


66 




V. Jam. 

1 day 

56, 68 

67 

75 


57 43 


V, Ro. 

2 days 

50 


42 


35 


M. P. 

2 days 

70 

72 

60 

53 

45 45 

Developed chronic activity for 4 
mos. with C' of 49 to 53, then 40 

T. W. 

2 days 

62 

71 





H. L. 

3 days 

15, 14 


24 


38 42 

Low curve 

C. B. 

5 days 

17 

27 


i 28 

45 29 

Developed chorea 

Low curve at onset and later 

L. L. 

5 days 

67 

58 

64 

49 

49 45 

Mild thyrotoxicosisafter third week 

G. Jc. 

5 days 

63 

75 

66 

S3 

SO 50 

Continued activity 

L. F. 

I wk. 

63 

66 

63 

59 

48 


L. K. 

1 wk. 

61 

55 

50 

44 

52 48 40 


R. Ar. 

1 wk. 

55 


■■■ 

47 



A. See 

1 wk. 

62 


50 




J. Cam. 

1 wk. 

62 

53 

44 

48 

48 43 


N. Fa. 

2 wks. 

0 





Died 3 days later; acute pulmon- 
ary edema 

F. Aco. 

2 wks. 

56 

52 

80 

70 

80 

Discharged active 

J. Bar. 

2 wks. 

63 

50 

55 


40 46 



with the rise and fall of scrum complement con- 
tent. 

Six patients have been observed with comple- 
tnent detenninations before a recrudescence of 
rheumatic activity (Table lA and Figures 3 and 
4). An elevation of scrum C frequently pre- 
ccv’.e l the onset or exacerbation of rheumatic ac- 
tivity eith.er as a sequence of a sore throat, or as a 
nrusifc'-tation of continuing subclinical rheumatic 
a.c:ivi;y. The change in complement activity from 
t!,e rel nively n.ornul state, with the onset of a he- 
f,', ^’\tie strep'.cvoccu' infection and, subscquentlv, 
f'f rh-mmitic fever i- seen in Figure 3. The pa- 
twr.t. j. n.. va- being o'-'erved rontinelv in the 


c,; 


a: ter an attack of 


upper respiratory 


infection due to an undetermined organism. Two 
months later, the patient experienced a strepto- 
coccus sore throat. The sedimentation rate rose, 
as did the complement level. With the occur- 
rence of acute rheumatic fever ten days later, the 
serum complement remained elevated, with re- 
newed elevation of the sedimentation rate. Obser- 
vations to be reported show that many acute in- 
flammatory illnesses such as acute pharyngitis 
are accompanied by an increase of serum comple- 
ment (11). This increase abruptly subsides ex- 
cept in the few instances where active infection 
persists or, as in this instance, rheumatic fever 
de\ clops. The character of O levels in recurrent 
rheumatic attacks is also illustrated in the chart 
of three patients presented in Figure 4. These 
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children had had activity three to six months be-, 
fore the initial C determinations. Despite the 
apparent subsidence of activity by the usual clini- 
cal and laboratory criteria at least three months 
previously, the first two children, J. M. and A. S., 
were kept on salicylates. Salicylate was then dis- 
continued with recurrent manifestations of activity 
in both children. In the first patient, the C' was 
elevated before cessation of the salicylate and, in 
retrospect, can be considered an indication of 
continuing subclinical rheumatic activity. In the 
second individual a normal C was present at the 


time salicylate was discontinued but was elevated 
four weeks later. In the subsequent recrudescence, 
if such it may be called, no joint flare-ups, fever, 
or tachycardia accompanied the rise in sedimenta- 
tion rate and C'. The third individual, H. G., had 
had an acute attack of rheumatic fever, which sub- 
sided promptly. The first observation of comple- 
ment was done after discharge from the hospital 
and was somewhat elevated but the sedimentation 
rate was normal. After two months the ESR and 
C' were observed to be elevated and a tachycardia 
developed. No other manifestations were ob- 


TABLE IC 

Cases of rheumatic fever seen two or more weeks after onset 


Patient 

Duration of 
illness before 
obser\*ation 

Weeks under observation 

Comment 

1 

1 2 

3 

4 

etc. 

V. H. 

3 wks. 

71 

60 

51 

52 

53 in ISth wk. 

Developed thyrotoxi- 
cosis 

R. P. 

3 wks. 

65 

55 


56, 46, 41 

35 in 9th wk. 


S. Cr. 

3 wks. 

41 

53 

38 



Subsiding activity 

R. Me. 

3 wks. 

22 





Died 6 wks. later 

L. Go. 

3 wks. 

56 

57 

56 

49, 49 

SO 


M. E. 

3 wks. 

64 


50 




M. Do. 

3 wks. 

50 

48 

43 


44 


J. Cul. 

3 wks. 

52 

46 

30 



Died in 4th week 

D. Pa. 

4 wks. 

66 


50 j 

50 

32 in 10th wk. 


M. So. 

4 wks. 

61 

63 

53 

54 


Discharged active 

M. Con. 

4 wks. 

52 

42 


39 

inactive 

39 


B. W. 

4 wks. 

65 

49 

56 

49 

59 

Discharged active 

A. K. 

4 wks. 

55 

55 

! 

1 

29 

42 after 2 mos. 


V. Ack. 

S wks. 

48 

50 

49 

56 

43 


T. Tho. 

5 wks. 

SO 


45 

50 

52 

Continues active 

A. Ada. 

5 wks. 

53 






C. Bre. 

5 wks. 

51 

53, 47 

37 

39 

33 


H. Am. 

2 mos. 

32 


29 

1 

5 mos. later 37 
(inactive) 


J. A. M. 

5 mos. 

73 



1 

1 

1 

37_ 

quiescent 3 mos. 
later 


R. Mad. 

6 mos. 
Low-grade 
activity 

51 

54 
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TABLE ID 


Chronically active rheumatic fever 


Patfent 

Duration of 
illness before 
observation 

Weeks under observation 

1 

Comment 

I 

2 

1 

3 

4 

i 

etc. 

M. Me. 

2 mos. 

1 

64 

52 

57 

41 

56 74 

Rise with reactiva- 
tion 

V. Be. 

3 mos. 

60 

1 

i 


1 

1 

i 


B. Ma. 

8 mos. 

1 

65 



55 

54 

Recurrent nodules, 
elevated, sed. rate 

McR. 

8 mos. 

55 



53 



N. Cl. 

18 mos. 

58 

58 


1 

1 



A. Ei. 

r" 

4 yrs. 

51 

53 

46 

1 

54 ' 

1 

54 after 4 mos. 



served at that time. Subsequently, a fulminating 
attack of acute rheumatic myocarditis developed 
which terminated with death two months later. It 
is probable that the initial observation of an ele- 
vated C in this instance indicated continued sub- 
clinical activity, later becoming manifested by an 
elevated sedimentation rate as well, and then 
tachycardia, fever and frank myocarditis. 


The presence of subclinical activity was also de- 
tected in the patient, A. A., of Table lA. This 
patient had had a rheumatic attack with prompt 
subsidence of activity two months previous to the 
first observation. The sedimentation rate was 
normal as was the complement content of the 
serum. Without any clinical changes, and with a 
continued normal sedimentation rate, the C rose 





i [I 


Tut. Co' 
r RiirvMAT:: Ff: 
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■T Aj:n Segmentation Rate 
VEE V. no H.\d Had Subside. 
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OF Three Patients with 
NCE or Clinical Activity 
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after one month to 53 units and later to 64. After 
four weeks of unexplained elevation of the serum 
complement a moderate but persistent tachycardia 
was observed and an abrupt elevation of the sedi- 
mentation rate occurred. 

DISCUSSION 

Serum complement has been of interest to many 
investigators who attempted to define the rheu- 
matic state as an allergic type of reaction (1-3, 12). 
A diminution of circulating complement is found 
in certain experimental antigen-antibody reac- 
tions, both in vitro (13) and in vivo (14). Clini- 
cally, a diminution of serum complement has been 
reported in some cases of serum sickness (11, 15, 
16) . However, there are several causes for a low 
C' other than fixation by antigen-antibody ag- 
gregates. Decreased production of C' is said to oc- 
cur in liver disease (17), and in terminal illnesses 

(18) . Also, C' levels apparently may be dimin- 
ished by the presence of inhibitory or anticomple- 
mentary substances in the serum. Anticomple- 
mentary sera are occasionally found in routine 
Wassermann tests, but the nature of the sub- 
stances responsible for the inhibition or inactivation 
of complement is not clear. One such substance 
is gamma globulin, a relative preponderance of 
which causes serum to become anticomplementary 

(19) . This study, employing a precise and re- 
producible technic, failed to confirm the reports of 
a low complement in 46 of 50 cases of rheumatic 
fever. Of four cases with a low C' content, two 
died shortly after the determination. The observa- 
tion is in agreement with previous reports (17, 18) 
of a low C' preceding death in many conditions 
other than rheumatic fever. Two patients with 
rheumatic fever exhibited low complement curves 
(Figure 2, H. L. and C. B.). No evidence of an 
abnormal anticomplementary effect was found in 
the sera of these patients to account for the low 
C' activity but the diminution may have been due 
to an antigen-antibody reaction that occurred in- 
dependently of the rheumatic process. 

It is known that certain antigen-antibody reac- 
tions do not fix complement in vitro (20). In ad- 
dition, in several known allergic reactions, with 
clinical manifestations similar to serum sickness, 
but caused by a simple chemical antigen, e.g., sul- 
fadiazine, a high complement level was found (11)- 
Because these immunologic or allergic reactions 


may occur without any apparent fixation or dimi- 
nution in complement, the possibility remains that 
the rheumatic reaction may be allergic and yet 
fail to fix complement. It is therefore apparent 
that the allergic hypothesis for the development of 
rheumatic fever receives neither support nor 
refutation by the data presented, although evidence 
for the occurrence of an antigen specific for 
rheumatic fever has not been substantiated (21). 

This study fails to confirm reports of a low or 
normal C' in patients with rheumatic fever. In- 
deed, an unexpected finding in the opposite direc- 
tion was observed. An increase in C above 50 
units per milliliter was observed at some time in 
45 of the 50 cases observed. The increase was 
particularly marked early in the course of the dis- 
ease. Very few reports in the literature mention 
an increase in C in acute inflammatory disorders 
(6, 22), possibly because the customary use of 
double dilution of serum (vis., .01, .02, .04 ml. 
with a normal value of 0.02 ml.), does not permit 
increased C' activity to be noted except where the 
increase is 100 per cent or more above normal. 
In addition, maximal C activity may have been 
prevented by the lack of optimal concentrations 
of Mg'^ and C 2 .** (8). Using the technic of 
Mayer et al., a high C' was also found in a variety 
of other acute and chronic illnesses (11). The 
cause for the increase in C' activity is not ap- 
parent. Although the complement response in 
rheumatic fever does not appear to be specific for 
this disease, the mechanism of this increase war- 
rants further study, as it may be concerned with 
resistance mechanisms. Serum complement is a 
complex of labile substances which apparently 
plays a part in resistance mechanisms of the host. 
It is instrumental in promoting phagocytosis of 
bacteria and probably has a wide range of more ill- 
defined activities (17, 23-25). The increase in C' 
in inflammatory conditions resembles somewhat 
other non-specific changes in the blood such as 
the elevation of the sedimentation rate and the ap- 
pearance of the C-reactive protein of Tillett and 
Francis (26) (the acute phase protein). 

The elevation of complement in most cases of 
rheumatic fever is related to the course of the dis- 
ease. It may remain abnormally elevated with ap- 
parent subsidence of activity and the return to 
normal of other criteria such as the polymorpho- 
nuclear leukocjte count or the ESR. In these in- 
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stances it appears to be a more sensitive indica- 
tion of continuing activity than the ESR. How- 
ever, it is not an infallible aid because it, as well 
as the sedimentation rate, may occasionally be 
normal a few days before obvious clinical exacerba- 
tion occurs. Furthermore, the extent of increase 
in complement does not appear to be related to 
the severity of the disease process but may per- 
haps be related to the abruptness of the change 
from the normal to the pathological state. Further 
studies concerning the relationship of an increased 
C' content of scrum to activity of the rheumatic 
process are in progress. 

SUMMARY 

1. Quantitative serial studies of total comple- 
ment (C) in serum were made, using the spectro- 
photomctric technic for the determination of the 
50 per cent hemolytic unit in the presence of mag- 
nesium and calcium ions. 

2. The range of complement in sera of 50 normal 

individuals was found to be 37.7 3.9 units per 

milliliter. 

3. Forty-five of 50 patients with rheumatic 
fever had an elevation of the serum complement 
above 50 units per milliliter of serum at the onset 
of the attack or shortly thereafter. Two patients 
presented a low complement which gradually be- 
came normal. Of the remaining patients, two 
otliers had a low C and died, and one patient had 
a normal C' level determined when the disease 
process was beginning to subside. 

4. The elevation of scrum complement appears 
to be another criterion of activity of the rheumatic 
process. 

5. The relationship of these observations to the 
hypothesis that the rheumatic state is of allergic 
vjrigin is discussed. 
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Many laboratory techniques have been em- 
ployed in the study of sympathomimetic amines, 
particularly in an attempt to correlate chemical 
structure with pharmacological activity (1-7). 
In' Table I are shown the structural formulae of 
the preparations dealt with in this report. 

The technique of protection studies in asthmatic 
human subjects appears to offer an additional 
method of investigating and evaluating these and 
other substances in the ultimate test object, man. 
The technique essentially consists of the measure- 
ment of the protection afforded by any substance 
against the dyspnea and bronchospasm induced by 
repeated administrations of histamine, methacho- 
linc, or allergens, as measured, in part at least, 
by changes in vital capacity. 


of at least 25 per cent) of histamine or methacholine at 
varying intervals after the protecting agent was admin- 
istered. The degree of protection may be described in 
terms of the following equation: 

P = X 100, 

where P is the degree of protection in per cent, C the 
control drop in vital capacity produced by administration 
of the bronchospastic substance (before the protecting 
drug is given), and E the drop similarly produced at any 
time after the protecting agent has been administered. 
These percentage values may then be massed into aver- 
ages derived from several experiments on different asth- 
matic subjects. Determination of such averages is neces- 
sary, for we have repeatedly encountered single protec- 
tion studies, or even repeated studies in the same indi- 
vidual, which were at variance with the average of results 
obtained by employing the same drugs in many experi- 
ments carried out on many individuals. 


METHODS 

The methods we have employed and their historical 
development have been extensively presented elsewhere 
(8,9). 

In tlic experiments reported at this time, the broncho- 
spastic agents used were histamine diphosphate® and 
nicthachorme chloride,' employed intravenously or as 
aerosols. The protecting ability of the therapeutic agent 
under c.xamination was determined by serial observations 
of the reduction in vital capacity produced by repeated 
administration of a constant dose (predetermined as cap- 
able of pro<lucing a consistent reduction in vital capacity 

' This study was supported by a grant from the United 
States Public Health Service. 

- ('lut-Paticiit Pby.'.ician, Boston City Hospital; Former 
Ci'.arlton Ueiearch Fellow and now .-Xssistant in Medi- 
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''Ki-'ly v-n yliei! b;. .\! bott LalNaratorics. Inc., Chi- 

s:- ir:- :, 

Mereic a.".! Comparjy, Rahway, 


RESULTS 

1. Epinephrine hydrochloride. Epinephrine hy- 
drochloride 1 : 1000, 0.5 cc. subcutaneously, cause 
the usual side-reactions of throbbing in the chest 
and head, uneasiness, tremor, etc. Protection was 
striking, however, in that this dose afforded 100 
per cent immediate” (five to ten minutes after 
injection) protection against intravenous hista- 
mine. This decreased gradually reaching a level 
of 40 per cent after 143 minutes (Figure 1). 
This 40 per cent level has previously (9) been 
proposed as the minimum at which protection 
may be considered significant, in view of the er- 
rors_ inherent in any technique of clinical assay. 
Against the bronchospastic effects of methacho- 
linc, epinephrine hydrochloride 1 : 1000 0 5 cc 
subcutaneously, provided 90 per cent immediate 
protection and maintained a significant level, over 
40 per cent, for 83 minutes. These results are 
presented m tabular form in Table II. 

Subcutaneously administered epinephrine was 
also assayed against the bronchospastic effect of 
aerosols of histamine and methacholine and dis- 
182 
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TABLE I 

Structural relationships of the sympathomimetic agents studied. {Modified 

from Gunn [3]) 



X. \ CH CH NH 

\ 

NEOSYNEPHRIN 

H 

OH 

H 

OH 

H 

CH 3 

EPINEPHRINE 

OH 

OH 

H 

OH 


CH 3 

VAPONEFRIN 

OH 

OH 

H • 

OH 

H 

CH 3 

ISUPREL 

OH 

0 H 

H 

OH 

H 


EPHEDRINE 

H 

H 

H 

OH 

CHj 

CH 3 

ORTHOXINE 

H 

H 

OCH 3 

H 

CHa 

CH 3 


Vaponefrin is a specially prepared racemic epinephrine. 


played somewhat less, though still very effective 
protecting ability. Against histamine it showed 
70 per cent immediate protection, which rose to a 
peak of 86 per cent at 40 minutes, and maintained 
a level greater than 40 per cent for 127 minutes. 
Less protection against methacholine was again 
observed ; there was an immediate level of 40 per 
cent, rising to a peak of 51 per cent at 38 minutes, 
and remaining at a significant level for 72 minutes. 

The 1 : 100 dilution of epinephrine hydrochloride 
(10) was dispensed in a glycerine- water solution, 
as were all, other agents employed as aerosolized 
mists. Deep inhalations at ten-second intervals 


were administered with a standard Vaponefrin 
hand-bulb nebulizer until six were completed. 
Against intravenous histamine 75 per cent im- 
mediate protection was observed. The signifi- 
cant level of 40 per cent lasted for 28 minutes. 
Against intravenous methacholine there w'as 56 
per cent immediate protection and an 18 minute 
duration of the 40 per cent level (Figure 2). 

The protective capacity of epinephrine aerosol 
appeared slightly greater when assayed against 
nebulized bronchospastic agents. There was 89 
per cent immediate protection and 36-minute 
duration of the 40 per cent level against histamine ; 


EPINEPHRINE HCL MOOO 
0.5 CC. SC 

mSTAUIMC IV C7T«IAUS> 
—— UCCMOLTl. ly<7TKIAUS> 
.•-KfSTAWtMC AC«r4TaiAUS7 
-a-UCCMOLYL ACXC4 TRIALS) 



Fig. 1. The PRoTEcnon Afforded Agaixst Histamine and Methacholine (Referred to Above as 
Mecholyl) by 0.S CC. of Epinephrine Hydrochloride 1 ; 1000, and 0.3 cc. of 1 Pee Cent Neosynephein 
Administeeed Subcutaneously 
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TABLE 11 

Summary of the pertinent data obtained with the phenylethylamines when tested against the bronchospastic effeets 

of histamine and methaeholine {referred to below as mecholyl) 


BRONCHOCONSTRICTING AGENT 



HISTAMINE IV 

MECHOLYL I.V. 

HISTAMINE AER. 

MECHOLYL AER. 

PROTECTING 

DRUG 

IMVLOIATC 

PROTCCTlOM 

(^) 

DURATION or 

SiCNirtCANT (4 0.?^ 
PROTCCTlON 

IMMLOIATC 

PROTECTION 

(:%:> 

DURATION or 
SlCNinCANT (4O>0 

PROTECTION 

(minutes) 

IMMEDIATE 

PROTECTION 

DURATION or 
SIGNIFICANT 0*0^ 
PROTECTION 

(minutes) 

IMMEDIATE 

protection 

(%) 

dlwation or 
siCNincANT (iOjC, 

PROTECTION 

(minutes) 

EPINEPHRINE 

i iooo, oscc., sc 

100 

143 

90 

83 

70 

127 

40 

72 

EPINEPHRINE 
1100 AER. 

75 

28 

56 

18 

69 

36 

66 

17 

VAPONEFRIN 
2.35 % AER. 

93 

27 

74 

1 8 

90 

53 

87 

40 

NEOSYNEPHRIN 
1100, 0.3CC, SC 

13 

0 

13 

0 





NEOSYNEPHRIN 
1100 AER. 

52 

16 

32 

0 





ISUPREL 

1:I00 AER. 

98 

62 

91 

81 





ISUPREL 

1 200 AER. 

70 

22 

69 

42 

84 

21 

65 

25 

ISUPREL 

1 5000, Q5CC., SC 

100 

30 

56 

IB 






and 66 per cent immediate and 17-minute dura- 
tion of the 40 per cent level against methaeholine. 
These data are not, however, significantly dif- 
ferent from those obtained with the intravenous 
hronchospastics. 

2. Vaponcjrin.^ This is a 2.25 per cent solu- 
tion of a specially prepared synthetic racemic epi- 
nephrine. Richards, Barach and Cromwell (11) 
considered it preferable to the official 1 : 100 solu- 
tion of epinephrine hydrochloride, which is the 
levo-rotalory isomer. We have compared these 
aerosols elsewhere (12). 

Using histamine intravenously we found that 
six deep inhalations of Vaponefrin aerosol pro- 
vided 93 per cent immediate protection and sig- 
nificant protection (over 40 per cent) lasting 27 
minutes. Against intravenous methaeholine we 
obtained an immediate level of 74 per cent and a 
duration of a significant level of 18 minutes. Em- 
ploying tlie hronchospastics by nebulization re- 
sulteil in no greatly significant difference in in- 
teiuity of action, 90 jicr cent against histamine and 
Sr per cent against methaeholine. However, the 
per cent level was maintained definitely longer, 
m.in.u.tf-- with b.istamine and 40 minutes with 
•T'.vtl-.a (I'igu.ro 2). The e.xplanation for 
tlfi' di'- -rep.an.cy i- o'i<curc; it may simply be due 
;■> nrel'-prUe ‘■ampliui:- 

■ to ■ ',> ' t ;< t! -r \2;';r,-nrin Co., LTicr Darby, 


3. N eosynephrin. As may be seen from Table 
I, this drug differs from epinephrine only in the 
absence of the para-hydroxyl group on the aro- 
matic portion of the molecule. The compounds 
resulting from removal of one or both hydroxyl 
groups are more stable but have greatly decreased 
inhibitory effects. Various investigators (11, IS- 
IS) have found neosynephrin of little value as a 
bronchodilator although it may be an efficient 
bronchovasoconstrictor (14, 15). 

Utilizing the 1 : 100 solution of neosynephrin, 
we have studied the protecting effect of the drug 
administered by nebulizer and by hypodermic in- 
jection. Our studies were limited to intravenous 
use of the bronchospastic agents. Figure 1 por- 
trays the ineffectiveness of 0.3 cc. subcutane- 
ously, the level of protection never exceeding 20 
per cent, Neosynephrin aerosol, 1 ; 100, in the 
usual dose of six deep inhalations, proved some- 
what more effective (Figure 2), displaying against 
histamine 52 per cent immediate protection which 
dropped below 40 per cent within 16 minutes. 
Against methaeholine no significant protective 
levels were attained, 32 per cent being the highest 
observ’ed. 

4. Isuprcl3 This sympathomimetic amine, 

1 - ( 3,4-dihydroxyphenyl ) -2-isopropylaminoethanol 

differs fro m epinephrine only in the alkyl group 

= pnd!y supplied by Winthrop-Stearns, Inc., New 
lork. New York. 
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VAPONEFRIN 
6 INHALATIONS 

...HttTAWtNC IV <1 TKIALS > 
— UtCMOiTl, IV TIU*L$ > 
••••^iSTAUiMt AC* (4 TAtALS ) 
-•••H/CCNOtTL At* (4 TAIAI.S > 




CPHICPHRINC HCL 1100 
6 t^{HAUAtlONS 

— ~M(Cn6L*L •« t» TA>*At > 
•^•«-WCCfOw«L •eA<«t*>AL* % 



Fig. 2, The Protection Noted Against Histamine and Methacholine (Referred to Above as Mecho- 
lyl) by Nebulized Solutions of Epinephrine Hydrochloride (1:100), Vaponefrin (2.25 Per Cent) and 
Neosynephrin (1 Per Cent) 


attached to the nitrogen atom (Table I). It has 
been demonstrated that substitution on the amino 
nitrogen of branched alkyl groups, particularly 
isopropyl (as in Isuprel) and terbutyl, produces 
compounds with enhanced sympathin I-miraetic 
properties (4-7, 16). The specific structure of 
the substituted alkyl group is also important in 
influencing the inhibitory potency of such com- 
pounds. 

The clinical efficacy of Isuprel has been previ- 
ously reviewed by Segal and Beakey (17, 18), 
who introduced its use in this country. Cohen 
and Van Bergen (19) have found Isuprel a most 
effective antagonist of methacholine-induced 
bronchospasm in animals and of spontaneous 
asthma in man. 


We have employed a 1 : 50,000 dilution of Isu- 
prel intravenously in a few subjects with variable 
results. Occasionally the most dramatic possible 
complete relief of clinical asthma has been noted, 
while a dose of 0.25 cc. (0.005 mgm.) was still be- 
ing administered. The effect persisted for a mat- 
ter of hours. In other instances relief was only 
partial and transient after intravenous administra- 
tion of 0.25 cc. (0.005 mgm.) to 0.5 cc. (0.01 
mgm.), even in repeated doses. The 0.25 cc. 
dose caused a uniform increase of 20-30 beats 
per minute in the heart rate. All patients ex- 
perienced unpleasant, although not alarming, pal- 
pitations. The 0.5 cc. dose, on the other hand, 
accelerated the pulse by 50 beats per minute and 
caused uneasiness and alarming palpitations. The 
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effect on blood pressure was minimal. The dose 
of 0.005 mgm. appeared to cause a small increase 
in systolic pressure (approximately 10 mm. of 
mercury), probably due mainly to the increased 
rate. There appeared to be, in general, a tend- 
ency toward a slight fall in the diastolic level. 
The larger dose, 0.01 mgm. (0.5 cc.), caused a 
transient drop in systolic and diastolic levels si- 
multaneous with the greatest increase in heart 
rate. We performed several protection studies 
using this very dilute solution of Isuprel intra- 
venously. Doses of 0.25 cc. (0.005 mgm.) and 
0.5 cc. (0.01 mgm.) failed to demonstrate any pro- 
tective ability against histamine or methacholine 
for long enough periods to be measured by the 
method employed. 

Isuprel 1 : 100, the dilution commonly employed 


with epinephrine, provided essentially complete 
immediate protection against intravenous hista- 
mine and methacholine (98 and 91 per cent re- 
spectively). Not only did it maintain a signifi- 
cant (40 per cent) protection against histamine 
for 62 minutes, but it also afforded a surprising 
81-minute duration against methacholine (Figure 
3). However, this dilution of Isuprel frequently 
caused unpleasant epinephrine-like side-effects. 

Isuprel 1 : 200 is the dilution in common use 
for nebulization. It is, of course, one-half as con- 
centrated as the usual epinephrine solution and 
equivalent to approximately one-third the con- 
centration of levo-epinephrine in Vaponefrin. 
This dilution of Isuprel displayed (Figure 3) 70 
per cent immediate protection against intrave- 
nous histamine with a duration of 22 minutes for 





1 ? 3 .4 5 e 


ISUPREL I 200 


o 

V 


6 INHALATIONS 

--.MiSTAUthC l.v (tTRiAuS ) 
" ■-wCCwOw^L. LV. C TlRiAU S ) 



U'NUTCS P PHOTCtTINO BRUO 






r? Isurnri. AnMiNisTEnED nv V.^RIED Routes 

AJ.-D },fETn.\CHOUIXE (REFERRED TO AeoTC AS 


AKD IX Varied Amounts 
Mecholyl) 
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significant levels. Against intravenous metlia- 
cliolinc, there was a 69 per cent immediate level 
and significant levels persisted for 42 minutes. 
As may he seen in Table II, the data were, with 
one exception, essentially equivalent when the 
bronchospastics were employed in the form of 
aerosols. An immediate level of 84 per cent and 
a 21-niinute duration of significant protection were 
found against histamine ; and 65 per cent with 25 
minutes were the comparable values for nietlia- 
choline. The only discrepancy appears in the 
duration of levels over 40 per cent against metha- 
clioline administered intravenously and as an 
aerosol. This, again, may be due to inadequate 
sampling and the consequent chance inclusion of 
patients with extreme differences in responsive- 
ness to Isuprel. 

An average dose of the 1 : 5000 dilution of 
Isuprel for subcutaneous injection is 0.5 cc. This 
dose was assayed against intravenous histamine 
and methacholine (Figure 3), We obtained com- 
plete (100 per cent) immediate protection against 
histamine and a continuation of significant levels 
for 30 minutes. Less anticholinergic effect was 
noted with this preparation, for the initial inten- 
sity was only 56 per cent, and it dropped to 40 per 
cent in 18 minutes. 

Sublingual tablets of Isuprel, although they have 
been moderately effective clinically in occasional 
patients, have not proved to be an adequate sub- 
stitute for a nebulizer in most cases. We have 
performed protection studies with these tablets 
in doses of 20 mgm. (two tablets) against hista- 
mine and methacholine administered intrave- 
nously. Against histamine, significant levels of 
protection were not attained, and a peak of 38 per 
cent was reached in 27 minutes. Against metha- 
choline the results were very similar although the 
40 per cent level was reached in 12 minutes after 
the tablets dissolved under the tongue. (Time for 
dissolution was usually two to three minutes.) 
The total duration of levels over 40 per cent was 

23 minutes. However, the peak level, attained 

24 minutes after dissolution of the tablets, was 
only 44 per cent. These data are presented 
graphically in Figure 3. 

5. Ephedrine. From Table I it may be seen 
that ephedrine is lacking in the hydroxyl groups 
on the benzene ring, and possesses an additional 
methyl group attached to the alpha-carbon atom. 


Clinically it has longer, less intense action than 
epinephrine ; it is active orally. 

In our studies, employing the usual oral dose 
of 25 mgm. (administered several hours after the 
subject’s last meal), there was a delay of 81 min- 
utes before a protection level of 40 per cent was 
reached against histamine (Figure 4). A peak 
level of 57 per cent was attained at 120 minutes. 
Significant levels of 40 per cent or over were 
maintained for 108 minutes, or until slightly over 
three hours after the drug was taken. Against 
methacholine, no significant levels of protection 
were reached. The peak level was only 32 per 
cent, occurring 60 minutes after ingestion of the 
therapeutic agent. 




Fig. 4. The Protecting Ability of Orally AoinN- 
ISTERED Ephedrine Sulfate (25 mgm.) and Orthoxine 
(200 MGM.) Against Histamine and Methacholine 
(Referred to Above as Mecholyl) 
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6. Orthoxme}° This synthetic amine differs 
from ephedrine in the absence of the beta-hydroxyl 
group and the presence of a methoxy radical in the 
ortho position. 

We have made a clinical trial in approximately 
20 patients with a dose of 100-200 mgm. three to 
four times daily. In general it proved to be of 
little benefit in preventing severe asthmatic at- 
tacks, although one patient obtained moderate re- 
lief and one noted marked improvement. Side- 
effects were observed by many patients and varied 
among anorexia, nausea, Hght-headedness, dizzi- 
ness and drowsiness. Only one patient complained 
of the ephedrine-like effect of insomnia. The 
syrup of orthoxine has been tolerated fairly well 
and appears to give clinical relief from troublesome 
cough in some patients. 

In protection studies against intravenous hista- 
mine, orthoxine, in a dose of 200 mgm. orally, 
was apparently rapidly absorbed, for it displayed 
49 per cent protection at 57 minutes. In addition, 
this proved to be the peak level attained inasmuch 
as the protective capacity dropped very gradually 
to 40 per cent at 165 minutes after ingestion of 
the drug. The total measured duration of signifi- 
cant protection was 108 minutes. Against metha- 
cholinc, a 40 per cent level was never reached. 
The ]-)cak attained was 38 per cent at 120 minutes. 
These figures for orthoxine, graphically presented 
in Figure 4, obviously arc very closely similar to 
those for ephedrine. 

SUMMARY AND CONCLUSIONS 

1 . Five well-known sympathomimetic amines 
and one new one have been studied with respect 
to their protective capacity against the broncho- 
spastic effects of histamine and mcthacholine in 
sensitive asthmatic patients. 

1. Xo consistent difference in results was ob- 
served whether the bronchospastic agents were 
aiiministered intravenously or as aerosols. 

.3. Epinepl’.rine hydrochloride 1 : 1000, 0.5 cc. 
snbcv.taneously, protected as well as or better than 
lb.',- o'.b.er agents tested and afforded greater dura- 
ti w. of significant protection. However, its cardi- 
ov.-:idar and central nervous stimulating side- 
ri- > ti r-ruvc'l disagree.ible. 

' r,i- "".gCir! by Tb.-: Upi'^bn Co., Kalimaroo, 


4. Isuprel 1 ; 100 aerosol (double the usual 
strength), six inhalations, was comparable to the 
subcutaneously administered epinephrine, particu- 
larly in anticholinergic effect, although it protected 
less than half as long against histamine. This, 
too, caused undesirable side-effects. 

5. Of the three most commonly employed solu- 
tions for nebulization, Vaponefrin, 2.25 per cent, 
appeared to have a slightly greater antihistaminic 
protecting ability than Isuprel 1 ; 200 and epi- 
nephrine 1 : 100. The latter two were of approxi- 
mately equal efficacy as antihistaminics. Isuprel 
1 : 200 demonstrates greater anticholinergic pro- 
tecting ability than either of the other two prepa- 
rations. 

6. Neosynephrin was quite ineffective when in- 
jected parenterally and of only slight value by the 
inhalatory route. 

7. Sublingually administered Isuprel, in a dose 
of 20 mgm., proved to have little protective ca- 
pacity against the bronchospastic effects of hista- 
mine and methacholine. It was occasionally of 
moderate value clinically when administered by 
this route. 

8. Isuprel 1 : 5000, 0.5 cc. subcutaneously, dis- 
played excellent though brief protecting ability 
against the bronchospastic effects of histamine and 
considerably less effectiveness against metha- 
choline. 

9. Isuprel 1 : 50,000 could not, because of cardi- 
ovascular side-effects, be injected intravenously 
in doses sufficient to effect measurable protection. 
Doses of 0.25 cc. and 0.5 cc. (0.005 to 0.01 mgm.) 
occasionally proved dramatically effective in allevi- 
ating clinical asthma, although it usually was less 
effective and quite transiently so. 

10. A new sympathomimetic amine, orthometh- 

oxy-beta-phenylisopropyl methylamine hydrochlo- 
ride ( Orthox j ne, U pjohn), of the class of ephed- 
rine, \vasstudiedffind appeared quite similar to the 
latter in protecting capacity. Brief clinical trial 
indicated that the ortho-methoxy group may oc- 
casionally reverse the central stimulation of ephed- 
rine. • - _ 
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The use of various xanthine derivatives in the 
management of bronchial asthma was first de- 
scribed by Herrmann and Aynes worth (1) in 
1937. They were able to demonstrate definite 
increases in the vital capacity of patients with 
bronchial asthma after the intravenous administra- 
tion of aminophylline. The clinical contributions 
of Barach (2), Cooke (3), Unger (4), Segal (5) 
and others amply describe the valuable role 
played by this medication in the management of 
patients seriously ill with bronchial asthma. 

We have previously described in detail (6-10) 
the historical development of a technique for evalu- 
ation of medications employed in the treatment of 
bronchial asthma by testing the efficacy of such 
compounds in preventing the decrease in vital ca- 
pacity artificially induced in sensitive asthmatic 
subjects by tiie administration of suitable broncho- 
spastic agents (histamine, methacholine, or aller- 
gens). The exact relationship of the dyspnea and 
bronchospasm induced by histamine or by metha- 
cholinc to that occurring in spontaneous bronchial 
asthma is uncertain. However, since it is prob- 
able that only asthmatic or potentially asthmatic 
individuals respond to these agents by changes in 
vital capacity (7, II, 12), this technique of assay 
in man may be of value. This report will con- 
cern itself with the results obtained with theophyl- 
rmc-cthylenc diamine (Aminophylline, U.S.P.). 

METHODS 

A prelection sUkIv consists of the observation of the 
('.tcrc:r'-cs in vitnt copneity produced by the repeated ad- 

» .Aided l>y a Rrant from the U. S, Public Health 
Service. 

-Director, Pepartwent of Inhalational Therapy, Bos- 
ton City Ht^pilal ; .Assi'tant Professor of Medicine 
Tufts Gdlc-te Medical Sch.'ol. 


ministration of a bronchospastic agent (by any of various 
routes) before and after a protecting drug is adminis- 
tered. A "control” drop, which should be equal to at 
least one-quarter of the resting vital capacity, is first 
established; this drop should preferably exceed 1000 cc. 
The protecting agent is then administered (by any of 
various routes) and bronchospasm re-induced at suitable 
intervals until the effect of the protecting agent dis- 
appears. We have devised an equation (1, 2) by which 
the degree of protection afforded by any given drug at 
any time may be expressed in percentage: 

P = X 100, 

where P represents the degree of protection in percentage, 
C equals the control drop in vital capacity before the 
protecting drug is given, and E is the drop produced at 
any time after the protecting drug has been administered. 
These data, being independent of vital capacity deter- 
minations, may be grouped into averages. Since we have 
repeatedly encountered individual protection studies which 
vary greatly from the mean derived from a group of 
studies, we have computed all our data on the basis of 
such averages derived from at least four individual pro- 
tection studies on different subjects. 

RESULTS 

By means of this technique we have measured 
the protecting ability of aminophylline, adminis- 
tered by various routes, against the decrease in 
vital capacity induced by the intravenous or aero- 
sol administration of histamine or of methacholine. 

(/) Intravenous anihiophylline vs. intravenous 
histamine and methacholine. After the intrave- 
nous injection of 0.5 Gm. of aminophylline in 20 
cc. of distilled water, over a period of ten minutes, 
protection against the bronchospastic effects of 
histamine ® and of methacholine ^ was observed 
immediately. Against histamine, this immediate 
level w'as 65 per cent; against methacholine it was 
01 ^ 37 per cent. In view of the many unavoidable 
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preparation used ^histamine diphosphate) v 
Kindly supplied by Abbott Laboratories Inc., North C 
cago, Illinois. ’ 

• The preparation used ("mecholyl chloride”) v 
kmdly supplied by Aferck and Co., Rahway, New Jers 
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errors inherent in any technique of clinical assay, 
we have considered all protection values below 40 
per cent as insignificant. With this figure as a 
standard, it is apparent that intravenous amino- 


phylline displays a protecting action against 
methacholine which is just short of being signifi- 
cant. Significant protection against intravenous 
histamine persisted for two hours and ten minutes 






Fig. 1. The Protecting Action of Aminophylline, Administered by Various Routes, Against 
THE Dyspnea and Bronchospasm Produced by Histamine and Methacholine (Referred to 
Above as Mecholyl) 
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TABLE I 

The relative iuteasify and duration of the protecting action afforded by aminophylline administered by various 
routes against the effects of histamine and methacholine (referred to below as mecholyl) 


BRONCHOCOMSTRICTING AGENT 
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COMPARATIVE PROTECTIVE VALUE OP AMINOPHVLLIN ADMINISTERED BY VARIOUS ROUTES AGAINST 
HISTAMINE AND MECHOLYL-INDUCED DYSPNEA AND BRONCHOSPASM IN ASTHMATIC SUBJECTS. 


« AMINOPHYLLIN AEROSOL ALSO EXHIBITED NO SIGNIFICANT PROTECTION 
AGAINST THE EFFECTS OF HISTAMINE AND MECHOLYL 
AEROSOLS 


(Figure 1, Table I). The lesser degree of pro- 
leclion displayed against the effects of intravenous 
methacholine was of shorter duration as well. 

(2) Intramuscular aminophylline vs. intra- 
venous histamine and methacholine. Administra- 
tion of 0.5 Gm. of aminophylline in 2 cc. of distilled 
water intramuscularly in the gluteal region led to 
protection against the decrease in vital capacity 
induced hy the intravenous administration of hista- 
tnine and methacholine which never quite achieved 
significant levels (Figure 1, Table I). In this 
case, as in the case of intravenous aminophylline 
and methacholine, the maximum protecting levels 
were just below our arbitrary level of significance, 
being 36 per cent in the case of intramuscular 
aminophylline against histamine, and 38 per cent 
against methacholine. These peak levels w'ere 
reached after a considerable delay (50 minutes for 
histamine, 90 minutes for methacholine) and were 
maintained for comparatively brief intervals. 

(3) Rectal solution of aminophylline vs. hisla- 
mfiic and methacholine. A solution of aminophyl- 
line containing 0.5 Gm. in 15 cc. of distilled 
water was instilled rectally by means of a Dakin 
svringe and a wcll-lubricatcd No. 12 Fr. ureth- 
ral catheter. .•\miuophylline so administered 
re-.ulted in .'significant protection (above 40 per 
re;u ) rgaiu'-t the bronchospastic effects of intra- 

I’.istaminc for two and one-half hours and 




in.travcno’.;' tnetb.achoiine for one and onc- 
".r-., TivF o-'curre l after delays of 45 and 
w.t'W reg.-ectivcly, t’re.'i’.tnaMy incident to 
i' ". .After tr.e recta! administration of 0.5 


Gm. of aminophylline, a peak level of 58 pei 
cent protection against histamine was attained in 
two hours ; 45 per cent protection against metha- 
choline was attained in one and three-quarters 
hours (Figure 1 and Table I). 

(4) Oral aminophylline vs. intravenous hista- 
mine and methacholine. Orally administered 
aminophylline in the form of two compressed 
tablets of 0.2 Gm. each yielded protection to a lesser 
degree against the decrease in vital capacity pro- 
duced by subsequently administered intravenous 
histamine and methacholine. Barely significant 


mine and methacholine respectively were obtainc 
(Figure 1 and Table I). Significant protectic 
(40 per cent) was attained only after a delay ( 
one and three-quarters hours in the case of hist: 
mine, and two hours and ten minutes in the ca£ 
of methacholine. With histamine, the duration c 
significant protection was only 50 minutes j wit 
methacholine, 20 minutes. 

(5) Aerosol aminophylline vs. aerosol and it 
travenous histamine and methacholine. The rek 
tive ease of aerosol administration of small quanf 
ties of concentrated solutions of adrenergic agent 
has led us to investigate the properties of an aerc 
sol produced with the standard Vaponefrin nebt 
from .1 25 per cent solution of aminophyllin, 
The clisagrcciWe taste of this preparation may b 
partially masked by the addition of a drop or tw 
of spirits of peppermint. We first investirate 
the protecting action of six inhalations of such 
mist, produced with hand-bulb nebulization bu 
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were unable to demonstrate any protecting action 
against the bronchospastic effects of subsequently 
administered histamine or metliacholine, the latter 
being given both intravenously and as an aerosol. 
We then nebulized 0.25 Gm. of aminophylline in 
1.0 cc. of distilled water employing the Vaponefrin 
nebulizer with oxygen flows, using the intermittent 
Y-tube occlusion technique. This procedure is 
time-consuming and the aerosol is irritating to the 
pharynx and trachea. No significant protection 
could be demonstrated (Figure 1 and Table I). 
Peak protection values in all instances reached only 
12 to 17 per cent. 

(d) Direct comparison of various routes. The 
striking disparity in protection obtained after the 
administration of aminophylline via various routes 
led us to compare the antihistaminic potency of 
aminophylline in each of the five routes employed. 
In two subjects, R. L. and J. S., aminophylline 
was administered on successive visits to the labora- 
tory via each of the five routes employed, so that a 
more direct comparison between these methods 
of administration might be made (Figure 2). It 
is apparent from these curves that in both cases 
optimum antihistaminic activity appeared after 
the rectal administration of a solution containing 
0.5 Gm. of aminophylline. In these two individu- 
als intravenous and intramuscular administration 
were of essentially equal activity ; the intravenous 
route, however, has the advantage of immediate 


action. Orally administered aminophylline in a 
slightly smaller dose was definitely less effective 
than intravenous or intramuscular medication. 
Aerosol aminophylline was, as previously noted, 
totally ineffective. 

DISCUSSION 

In contrast to the data obtained by similar exam- 
ination of the protecting ability of various adre- 
nergic agents (10) against the decrease in vital 
capacity produced by intravenous injections of 
histamine and methacholine, it is apparent that 
aminophylline must' exert its bronchospasmolytic 
action in a different manner. Such anti-asthmatic 
drugs as the sympathomimetic amines have a 
rapid, intense protecting action in minute doses, 
whereas the effect of aminophylline is milder and 
more prolonged and the dose employed is many 
times greater. In dosage and in the time sequence 
of its protecting action, aminophylline approaches 
more closely the antihistaminic drugs (blocking 
agents), data on which will be presented else- 
where (13), 

The administration of aminophylline solution 
by rectum has been extensively popularized in 
recent years (2) . We have long been aware of the 
powerful bronchospasmolytic action of such medi- 
cation in the management of patients with severe 
asthma. This impression is amply borne out by 
these studies, in which rectally administered 




HOURS P PROTECTING DRUG 

PnOTtCTTVC ACTION Of AWINOPHYlUH BY VWtlOUS BOtflCS 
ACWN5T IKTRAJ/CNOOS MiStAMINC IN PO YR. ClD ASTmATlC fCUALX pUj 


Fig. 2. The Comparative Protecting Action of Aminophylline Administered by Each of Five Routes 
TO Two Asthmatic Patients Against the Dyspnea and Bronchospasm Produced by Histamine and 
Methacholine (Referred to Above as Mecholyl) 
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aminophylVme exhibits a protecting action equal 
or superior to all other routes, if the 45 to 60 
minute absorption delay time is not objectionable. 
As absorption after oral administration is slower 
and as the period of significant protection is shorter, 
this route can have only limited value. Intramus- 
cular aminophylline made a poor showing, one 
not entirely unexpected in the light of 'clinical ex- 
perience. Were the pain usually attendant upon 
such an injection not already a sufficient deterrent 
to its clinical use, the lack of significant protecting 
ability should discourage dependence upon this 
route. It is our feeling that rectally administered 
aminophylline solution affords the patient a po- 
tent means for relief of asthmatic bronchospasm ; 
moreover, the ease of self-administration of the 
rectal solution is, of course, an even more im- 
portant factor. Where maximal immediate effect 
is essential, the intravenous administration remains 
the route of choice. 

SUMMARY 

1. The protecting ability of aminophylline, ad- 
ministered by various routes, against the dyspnea 
and bronchospasm produced by the administration 
of histamine and methacholine by various routes 
is presented, 

2. The intravenous administration of 0.5 Gm. 
of aminophjniinlT’fesults in immediate protection 
against the bronchospastic effects of histamine 
and methacholine; the protection against hista- 
mine. which is definitely of significant degree, 
per.sists for two hours and ten minutes. Pro- 
tection against methacholine falls below an arbi- 
trary limit of significance. 

3. Rectal administration of a solution of 0.5 
Gm. of aminophylline yields a degree of protec- 
tion against the dyspnea and bronchospasm pro- 
duced by intravenous histamine and methacholine 
c<iual or superior to that produced by intra- 
venous injection of the same dose of the drug. 
There is a 45 to 60 minute delay incident to ab- 
sorption from the rectal mucosa, whereas the ef- 
fects of the drug are apparent immediately fol- 
lowing intravenous injection. 

4. Aminophylline given intranmsculajdv (0.5 
fim ) i< rdatiyelv ineffective in counteracting the 
brunch.' wpa^tio effects iff mtravenous histamine 
; ’ : ! • ! ! ; nn h a c h o ! i n e . 


5. The oral administration of 0.4 Gm. of 
aminophylline results in relatively low degrees of 
protection as compared to that obtained with the 
rectal route. ’.Significant protection appears only 
after a long delay and persists for an extremely 
short period of time.l 

6. Aminophylline in the form of an aerosol mist 
is almost totally ineffective in preventing the 
dyspnea and bronchospasm produced by intrave- 
nous or aerosol administration of histamine or of 
methacholine. 
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The present paper augments information pre- 
viously published on the first 25 patients with 
scrub typhus to receive Chloromycetin (1) and 
reviews our experience in the use of this drug in 
the treatment of a total of 69 persons who con- 
tracted tsutsugamushi disease in the vicinity of 
Kuala Lumpur, Federation of Malaya. The re- 
sults obtained in this group are compared with 
those observed in 19 patients with the disease who 
received only supportive therapy and in three who 
were given p-aminobenzoic acid. 

MATERIALS AND METHODS 

Chloromycetin. Chloromycetin ^ prepared by the fer- 
mentation process was supplied for the current work by 
Parke, Davis and Company. A small amount of the 
antibiotic, subsequently administered in capsules, was 
received as pure crystalline material but almost all of 
the driiR was in the form of tablets containing 0.25 gm. 
amounts of active crystalline material. All treatment 
was by the oral route. 

The levels of Chloromycetin in the scrum and other 
body tluids were determined by a modification (2) of the 
teclmique dcscril)cd by members of the Research Labora- 
tories of Parke, Davis and Company (3). This is a 
turbidimctric bioassay method in which the amount of 
drug in a known standard required to produce 50 per 
cent inhibition of growtii of Shigella paradysnitcriac 
(Sonne) - is compared with the inhibiting capacity of 
varying dilutions of tiic unknown material. 

Isele.tirn of richcltsiae. The presence of rickcttscraia 
in jKvtients was demonstrated in the following manner. 
Freshly drawn blood was defd)rinated, by shaking with 
glas.; heads, and centriiuged ; the plasma was discarded 
air.l tl’.e sedimented red cells were resuspended in an 
c<)'.;:il voh.n.t'.c of physiological saline solution. One-half 
ec. of 'uch a suspension was injected intrapcritoneally 

* Cld ■'ratn.ph.enicol is now tl'.e generic name for the 
anti’d gi: oeiein.ally dedgnated Chloromycetin. Chloro- 
nv.cetin. has Icen rc-erved as a tra<!e name by Parke, 
Das !» an. 1 C> mpany. 

•TrU . roani*;:- i" nav, classified by P-ergey (IPd-S) as 


into each of four normal young adult albino mice of one 
of several inbred lines. Mice inoculated with blood con- 
taining rickettsiae generally showed signs of illness be- 
tween the ninth and 12th days, and died between the 
11th and the 14th. With few exceptions, the rickettsial 
strains recovered in the vicinity of Kuala' Lumpur were 
highly virulent for mice, and usually all of the animals 
which received the infected blood died unless sacrificed 
for study. One mouse from the original group was 
sacrificed when it first showed signs of illness or on the 
12th day. When the results were positive, these animals 
displayed the typical gross pathological changes of ex- 
perimental Rickettsia tsutsugamushi infection in mice, i.e., 
enlargement of lymph nodes and injection of vessels ob- 
served when the ventral skin was reflected, sero-gelat- 
inous peritoneal exudate, enlargement of the spleen, and 
accumulations of pleural fluid. Impression smears from 
the surface of the spleen and scrapings from the peri- 
toneal surface of the abdominal wall, when stained by 
Giemsa’s method, contained intracellular rickettsia-like 
organisms. The presence of such macroscopic lesions 
and the finding of rickettsiae microscopically were con- 
sidered presumptive evidence of R. tsutsugamushi infec- 
tion. Almost without exception rickettsiae were demon- 
strated microscopically in at least two of the four mice 
originally injected with the patient’s blood. Further- 
more, in the majority of instances a splenic suspension 
of material, or peritoneal exudate, from a mouse of the 
original group was passed by intraperitoneal injection to 
a second group of four normal animals in which the dis- 
ease picture was reproduced. On a number of occasions 
the agent was maintained for several months by serial 
passages m mice. The strain obtained from treated 
Patient 9 was used as challenge material to demonstrate 
the immunity of occasional mice convalescent from infec- 
tions with other strains and to determine whether mice 
had had inapparent infection following inoculation with 
a patient s blood. Seven of the strains were brought to 
the Army Medical Department Research and Graduate 
School where they were shown by reciprocal cross- 
immunitj tests to be related to the well known Karp 
strain of R. tsutsugamushi. It was our experience that 
the^ attempted isolation of rickettsiae from blood of 
patients generally gave clean-cut results in the original 
mice. Thus, the employment of the blind passage tech- 
nique and the testing of surviving mice for immunity 
by challenge with known lethal amounts of rickettsiae 
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rarely yielded indications of ricketlscmia in the patient 
vmlcss the original mice had shown obvious disease. It 
may be noted that strains of R. tsulsugaviushi found in 
different geographical areas vary considerably in their 
pathogenicity for mice (4). Tlicrcforc, it was fortuitous 
and fortunate that the l^falayan strains were relatively 
easy to recover and identify. 

Serological tests. Weil-Feli.x tests were performed 
using standardized suspensions of OX-K and OX-19 
strains of Bacillus proteus according to the technique of 
the Army Medical Department Research and Graduate 
School (5) or that of the Institute for Medical Re- 
search. Specific complement-fixation tests employing the 
washed rickettsial antigens of R. {tro'uaacki and R. 
mooscri (6) were done in selected instances. Similarly, 
agglutination tests for Lcfitospira icicrohcmorrhagiac 
were performed on specimens from certain patients by 
the Veterinary Division of tlie School. 

Routine clinical laboratory procedures. Erythrocyte 
and leukocyte counts and differential white blood cell 
counts were made in the usual manner. Hemoglobin 
values were determined spectrophotometrically by the 
cyanomethemoglobin method (7) and the usual proce- 
dures were employed for urinalysis. Blood levels of 
para-aminobenzoic acid were determined by a colori- 
metric procedure (8). 

RESULTS 

Patients with scrub typhus acquired during normal 
occupational duties 

Selection of patients. Thirty patients who ac- 
quired scrub typhus during normal occupational 
duties were treated with Chloromycetin. Twenty- 
eight of these contracted their disease in the vicin- 
ity of Kuala Lumpur. Twelve of the group be- 
came infected while working at the Seaport Estate 
between Kuala Lumpur and Batu Tiga (see 
Figure 1). The air field on the outskirts of Kuala 
Lumpur provided four of the cases who were 
treated. The remaining 12 occurred singly or in 
small groups within a 20 mile radius of the In- 
stitute for Medical Research. Patient 9 con- 
tracted his infection in Singapore and Patient 49 
acquired hers following an accident at the Army 
Medical Department Research and Graduate 
School while handling the strain from treated Pa- 
tient 25. 

The course of the disease in patients who were 
given only supportive treatment was recorded in 
19 persons who were observed during the period 
of the study. All of these acquired their infection 
in the general area which supplied the majority of 
the patients who received Chloromycetin and five of 
them became infected on Seaport Estate. These 


untreated patients were observed during periods 
when a supply of the specific antibiotic was not 
available, or the drug was withheld because they 
were first seen late in the disease and were not 
then desperately ill. 

No effort was made to restrict the administra- 
tion of Chloromycetin to alternate patients who came 
under study. A precise balance could not have 
been obtained in this relatively limited investiga- 
tion by selecting alternate patients for treatment 
unless certain important factors were evenly dis- 
tributed in the treated and control groups ; a few of 
these factors were age, sex, race, history of pre- 
vious exposure in infected areas, and the virulence 
of the infecting strain of R. tsutsugamushi. Nev- 
ertheless, many of these variables were eliminated 
in the group of 17 patients from Seaport Estate in 
which five served as untreated controls. Early in 
the work it became quite clear that the course of 
the disease in the treated patients was markedly 
different from that observed in untreated persons 
in the current group or in patients with scrub 
typhus who had been studied during the preceding 
20 years by members of the Institute for Medical 
Research (9-11). This marked difference in 
response of treated and untreated patients greatly 
simplified the interpretation of results. 

Observations on patients with scrub typhus 
given supportive treatment. Detailed data on the 
19 cases of scrub typhus who did not receive spe- 
cific therapy are given in Table I. The more per- 
tinent information is summarized in Table II. As 
the tabular data indicate, the average duration of 
fever in this group of persons was 17.1 days with 
extremes of 12 and 31. The course of the disease 
was complicated in two of the 19 patients by pneu- 
monia and one of them died as a result. A third 
patient had suppurative parotitis which required 
surgical intervention. 

All of these untreated patients were diagnosed 
on the basis of the history, clinical findings, and a 
positive Weil-Felix reaction. The diagnosis was 
further established in untreated Patient 16 by re- 
covery of R. tsutsugamushi from the patient’s 
blood. 

Observations on patients with scrub typhus 
treated with Chloromycetin. Information on each 
of the 30 treated patients and a summary of cer- 
tain of the data are given in Tables II and III, 
respectively. The response following administra- 
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Fig. 1 


lion of Chloromycetin has been so consistent that 
it will be sufficient to present certain illustrative 
cases and to draw general conclusions. 

All cases were given an initial oral dose of Chlo- 
romycetin of about 60 mg./kg. of body weight. 
Since most of the patients were of small stature 
and weighed from 50-60 kg., this initial dose 
was usually between 3.0 and 3.5 gms. Following 
this dose, the patients were maintained for a vari- 
able period of time on 0.25 gm. amounts of drug 
administered at intervals of three hours. For ex- 
ample, treated Patient 1, whose clinical record is 
graphically presented in Figure 2, followed this 
regime for -IS hours and was then maintained on 
dnsg in reduced amounts for the three succeeding 
davs. This patient who was started on chloro- 
mveetin on the fifth day became afebrile within 
20* hours and remained free of fever thereafter. 
.-\s tb.craneutic experience increased the total 
amounts of drug and tlie duration of therapy were 


reduced (see Table III). Treated Patient 29, 
whose record is illustrated in Figure 3, was 
started on specific therapy on the sixth day and 
received a total of 6.5 gms. over a period of 22 
hours. He became afebrile within 24 hours after 
the initial dose. A short course of drug such as 
used for Patient 29 provided results which ap- 
peared to be as satisfactory as those obtained when 
larger amounts were given over a period of four 
or five days. 

The clinical diagnosis of scrub typhus was con- 
firmed in each of the 30 patients by demonstra- 
tion of rickettsemia or the development of a posi- 
tive Weil-Felix reaction (see Table III) . Rickett- 
siae were isolated from the bloods of 26 of the 30 
patients. At least a four-fold increase in titer of 
agglutinins for the OX-K strain of B. protcus was 
shown to develop during convalescence in 28 of 
the patients. Convalescent sera from treated cases 
Nos. 12 and 24 had OX-K agglutinins in low titer 
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but did not contain a significant increase over the 
acute phase sample. The diagnosis was estab- 
lished, however, in each of these patients by the 
isolation of R. tsiitsiigamushi. 

A comparison of the results obtained in the 
treated and untreated groups of patients is given 
in Table II. In the treated cases recovery began 
within a matter of hours after specific therapy was 
instituted, and fever lasted from six to 96 hours 
after Chloromycetin was begun ; the average dura- 
tion being 31.8 hours for the entire group of 30 
patients. It may be mentioned that treated Pa- 


tient 9, who required 96 hours to become afebrile, 
was irrational, cyanotic and in extremis when 
treatment was started late on the ninth day. Al- 
though defervescence was slow this patient began 
to improve clinically within 12 hours after the 
antibiotic was administered, for at that time he 
sat up in bed and complained because breakfast 
was inadequate. It is worthy of note that Chloro- 
mycetin therapy was equally effective whether 
given early or late in the disease. Thus, treated 
Patients 28 and 31, who were first seen on the 
third day, required 36 hours to become afebrile 
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Fig. 4. Clinical Response of Patient CP 14 to Chlokomycetin Therapy Begun on the Third Day 

OF Disease 

He relapsed on three occasions, each recurrence responded promptly to additional treatment with Chloromycetin. 


while treated Patient 13, who was given the anti- 
biotic on the 11th day, became afebrile within 24 
hours. The average day on which therapy was 
begun for the treated group was 6.2 and the last 
febrile day of the illness was 7.4. This may be 
compared with that of the last febrile day of ill- 
ness in the untreated group ; this varied between 
12 and 31 and averaged 17.1 days. 

The first treated patient, although afebrile on 
the sixth day after onset, was kept in the Military 
Hospital until the 28th day. As additional pa- 
tients were added to the series the period of hos- 
pitalization steadily diminished from four weeks to 
about two weeks (see Table III). The average 
for the entire group was 17.8 days,® which con- 

2 Treated patients were generally up and about in the 
hospital and grounds within a few days after becoming 
afebrile but they were kept in the hospital, although ap- 


trasts with an average hospitalization of 29.9 days 
in the untreated group. There were no complica- 
tions and no deaths among the treated patients 
whereas among the untreated persons one died and 
two others had serious complications. 

Patients with other diseases who received 
Chloromycetin 

The cases of suspected scrub typhus destined 
for specific therapy were numbered serially as they 
came under observation. It is apparent from 
Table III that the 30 patients with scrub typhus 
were culled from a series of 49 persons who were 
originally thought to have tsutsugamushi disease. 
Treated Patients 44 and 45 who are listed in 

parently fully recovered, in order to permit medical 
observation and to prevent their returning to occupa- 
tional duties. 
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Table IV suffered from scrub typhus but because 
of the circumstances surrounding the acquisition 
of their disease they are not included in the present 
group. Treated Patients 46 and 47, Gurkah 
soldiers who acquired scrub typhus during jungle 
fighting, are reported in detail elsewhere (12) and 
will not be included in this group. These were 
the first two persons to receive the synthetic form 
of Chloromycetin. Among the remaining 15 cases 
who were treated with Chloromycetin, two (Nos. 
18 and 19) had typhoid fever (13) and three 
(Nos. 6, 7, and 35) had murine typhus (14), two 
(Nos. 36 and 42) were infected with Leptospira 
icterolicmorrhagiae, and one (No. 37) had ma- 
larial hematinuria (blackwater fever). No defini- 
tive diagnosis was established for the remaining 
seven patients (Nos. 2, 5, 14, 15, 17, 20, and 38) 
but all recovered promptly; the contribution of 
Chloromycetin to their recovery could not be as- 
sessed. The efficacy of Chloromycetin in the 
treatment of patients with typhoid fever and mu- 
rine typhus has been commented upon elsewhere 
(13, 14). Neither of the cases of leptospirosis 
showed marked benefit from Chloromycetin dur- 
ing the 24 to 48 hours it was given, at the end of 
which time the original tentative diagnosis of 
scrub typhus was changed, penicillin therapy was 
instituted, and improvement began shortly. The 
patient with blackwater fever recovered without 
clinically apparent kidney damage after institu- 
tion of antimalarial and alkali therapy. 

The treatment oj volunteers u'ho contracted scrub 
typhus in hypcrendcmic areas 

Thirty-seven of the 75 volunteers who were 
e.xposed in hyperendemic areas of scrub typhus in 
the vicinity of Kuala Lumpur during the course of 
chcmoprophylactic tests (15) developed tsutsuga- 
nutshi disease. In these tests members of the 
control group developed scrub typhus during the 
seco!\d and third week after initial exposure while 
those individuals who received the antibiotic 
prophvlactically, during exposure and the suc- 
cee<ling two weeks, remained well until the sec- 
teid week after drug was discontinued. The ulti- 
unte attack rate was not significantly different in 
tb.c prun'.ivlactic aiul control grnup'^ of volunteer.s, 
rut !, except tor tb.c prolottged incubation period 
t.:; ! tb- a!''v:;cc of C'Cltar forntation. tliere wa.s no 


appreciable difference in the disease in volunteers 
of the two groups. 

Data on the 37 volunteers who contracted scrub 
typhus are given in Table IV where, in addition, 
information is included on Patients 44 and 45. 
In general, the volunteers were treated earlier in 
the course of their disease than were the patients 
discussed in the previous sections. For example, 
in a number of instances Chloromycetin therapy 
was instituted on the first febrile day of illness and 
the average for the 37 volunteers was 3.1 days, 
which is exactly half that of the treated patients 
who acquired their disease under strictly natural 
conditions. Although there was some variation 
in the amount of drug given and the number of 
days over which therapy was provided, most of 
the patients received an initial oral dose of 4.0 
gms. followed by a series of seven 0.25 gm. doses 
given at three hour intervals. The average dura- 
tion of fever after drug therapy was started was 
32.1 hours for this entire group. The averages 
for each of the four sub-groups consisting of those 
who had received Chloromycetin prophylaxis and 
the controls in each of two field 'trials varied be- 
tween 28.3 and 36.8 hours. 

An unusual manifestation was noted in volun- 
teers developing scrub typhus which had not pre- 
viously been observed in patients who were treated 
symptomatically or in those mentioned in Table 
III who received Chloromycetin therapeutically. 
This was the occurrence of relapses in volunteers 
who had apparently been cured by the initial course 
of drug. This phenomenon is discussed at some 
length in a report of the chemoprophylactic trials 
(15). However, it is of sufficient importance to 
review at this time. Twenty of the 37 volunteers 
who contracted tsutsugamushi disease in the two 
trials developed one or more relapses. The first 
recrudescence appeared between five to 15 days 
after the initial onset of disease. Since in most 
instances the initial therapeutic course had not 
exceeded 24 hours, the average interval between 
the last dose of drug used in the initial attack and 
the onset of the relapse was 7.1 days. Eight of the 
20 patients had a second relapse which began on 
the average 6.5 days after the onset of the first 
recrudescence and 4.5 days after the end of therapy 
for the first relapse. Three of the group suffered 
from a third relapse. As in the first two recrudes- 
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cences the interval between this and the preceding three patients with third relapses had mild fevers 

febrile episode was about one week. in the range of 100° F, which subsided rapidly 

Patients suffering from their first relapse were whether or not therapy was given, 
treated in essentially the same manner, receiving The diagnosis of scrub typhus was proved by 
3.0 to 6.0 gms. of drug during a period of 24 hours laboratory procedures in all but one of the 37 vol- 
or less. The average duration of the rccrudescent unteers who became ill with scrub typhus. These 
fever after beginning therapy was 24.3 hours, procedures consisted of either isolation of rickett- 
Those individuals who had second relapses re- siae from the blood or the demonstration of the 
ceived 3.0 to 5.75 gms. of drug, but the method of development of a positive Weil-Felix reaction 
administration differed in this group. Patient (see Table IV). The initial relapses were proved 
CP5 received 3.0 gms. gii’cn in a single dose, to be scrub typhus in the majority of cases by 
Patient CPI received 1.0 gm. daily for five days demonstration of rickettsemia, i.e., in 11 of the 
and the others were treated for a period intermedi- 14 patients on whom attempts at isolation were 
ate between the two. Irrespective of the regime made. Similarly, one of two patients examined 
these patients became afebrile witliin a day. The had rickettsemia during his second relapse. • 



Fig. S. Cunical Response of Patient CP 30 to Inadequate Chloromycetin Therapy Begun on the 

Fifth Day of Disease 

The low grade intermittent fever subsided promptly after the second course of treatment. 
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The record of volunteer Patient CP 14, -which is 
presented graphicall}' in Figure 4, shows the usual 
course of the initial disease and the first relapse 
in the volunteers and the effect of therapy on these 
febrile episodes. This record also illustrates the 
findings in most of the individuals who had sec- 
ond and third relapses. It will be seen that this 
volunteer had a series of relatively mild febrile at- 
tacks and that lie was ambulatory during most of 
the time covered by the chart, carrying on desk 
work but avoiding the more strenuous efforts of 
field work. The records of Patients CP4 and 
CP25 resemble that shown in Figure 4 in that 
these individuals also spent most of their time on 
duty between febrile episodes. 

In contrast to the general rule that the volun- 
teers who suffered from relapses were asympto- 
matic between their brief recurrent febrile epi- 
sodes, were the findings in Patient CP30, whose 
record is summarized in Figure 5. This indi- 
•vidua! remained well until the 32nd day after the 
initial exposure which was ten days after his last 
prophylactic dose of Chloromycetin. He was lost 
from observation from the 30th day after the first 
field exposure until the fifth day of his illness. At 
this time he was given 4.0 gms. of drug over a pe- 
riod of eight hours and became afebrile within 40 
hours. As will be seen in Figure 5 the resultant 


afebrile period was of relatively short duration 
since low grade intermittent fever occurred during 
the ensuing week. The temperature reached 101° 
F. on the 16th day after onset. At this time 3.0 
gms, of drug were given in a single dose and the 
patient became permanently afebrile 40 hours 
later. It would appear that this was an instance 
in which the infection was controlled for only a 
brief period by the therapeutic regime employed. 
It is probable that the course of treatment used for 
Patient 1, who received 11.6 gms. of Chloromyce- 
tin over 120 hours (Figure 2), would have been 
more appropriate in this instance. It may be 
mentioned that Patient CP30, along with CP21, 
spent 24 hours a day for nine days in the infected 
areas. These two, like the rest of the volunteers, 
received seven hours of supervised exposure daily 
but in addition they spent the remainder of the 
nine days of exposure in the areas serving as 
guards. 

Incidence of eschars in patients with scrub typhus 

The incidence of eschars in patients with scrub 
typhus has varied widely under different circum- 
stances and in different geographic areas. Thus, 
during World War II the incidence of eschars ob- 
served in Allied troops from different combat areas 
ranged between 40 and 100 per cent (16—18). It 


TABLE V 

INCIDENCE OF ESCHARS IN PATIENTS WITH 
SCRUB TYPHUS, KUALA LUMPUR, 1948 


GROUP 

RAGE 

NO. OF 
CASES 

NO. WITH 
ESCHARS 

% WITH 
ESCHARS 


CAUCASIAN 

e 

3 

50 

NAT UR ALU 

ASIATIC 

4 1 

3 

7 

OCCURRING CASES 

BOTH 

47 

6 

1 3 

PROPHYLACTIC 

CAUCASIAN 

4 

4 

100 

FIELD TRIAL 

ASIATIC 

18 

2 

II 

NO DRUG 

BOTH 

22 

6 

27 

PROPHYLACTIC 

CAUCASIAN 

4 

0 

0 

FIELD TRIAL 

ASIATIC 

II 

0 

0 

DRUG 

BOTH 

15 

0 

0 

TOTAL 

CAUCASIAN 

14 

7 

50 


ASIATIC 

70 

5 

7 


BOTH 

84 

12 

14 
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may be noted that the absence of this sign delayed 
the recognition of R. tsutsugamushi infections in 
northern Australia and Malaya (10, 11). 

The present observations summarized in Table 
V reemphasize the marked variation in incidence 
of eschar formation in different groups of patients. 
Among the 47 patients with naturally acquired 
scrub typhus seen in the present study, six were 
Caucasians and the remainder Asiatics. One- 
half of the Caucasians developed eschars whereas 
only 7 per cent of the Asiatics showed this lesion. 
The frequency with which eschars appeared among 
the 37 volunteers who acquired scrub typhus fol- 
lowing exposure in infected areas likewise ap- 
peared to be related to race but, in addition, was 
dependent upon whether chemoprophylaxis had 
been received. Thus, none of the four Caucasians 
and 11 Asiatics who had received Chloromycetin 
prophylactically during the field trial developed 
eschars with their attack of scrub typhus, whereas 
all four Caucasians and two of 18 Asiatics who 
did not receive chloromycetin during their ex- 
posure developed an eschar. 

These findings agree with earlier observations 
in Malaya (10, 11) that eschars are more fre- 
quently observed in Europeans than in Asiatics. 
They also indicate that the prophylactic adminis- 
tration of the specific drug during and following 
exposure influenced the formation of eschars. 
While no factual data are available to explain the 
role of prophylaxis in the eschar formation, it has 
been postulated elsewhere (15) that during the 
suppression of growth of rickettsiae by the drug, 
sufficient local immunity developed in the cutis at 
the site of the infected bite to prevent subsequent 
development of the eschar. 

Unusual cutaneous lesions in x’olunteers dcz’clop- 
ing scrub typhus 

An unusual skin eruption was observed on two 
of the volunteers (Cl'’2 and CP14) in the first field 
trial. On the ninth day of e.xposure these indi- 
viduals noted a number of small er}-thematous 
spots which itched slightly. These occurred in 
the a.\i!!ne, groins, popliteal spaces, and around 
tin- waist, all areas where mite attachments are 
nr'st apt tft occur. These minor lesions persisted 
fnr Several days atal dud not change during the 
preiehrile period wh.en th.e primary eschar was de- 
vel.i':;'...; iti tl'.e'r: tuo volunteers. Sliortlv after 


the onset of fever, when the primary eschar was 
already well developed, vesicles having a diameter 
of 2 to 4 mm. and a height of 1 to 2 mm. suddenly 
blossomed on the erythematous lesions. These 
looked like early varicella pocks but fluid could 
not be obtained when aspiration was attempted. 
Each volunteer had 50 to 100 vesicles which were 
limited almost entirely to the trunk, occurring 
primarily in the axillae and groins, and around the 
waist. The pock-like lesions receded a day or so 
after chloromycetin therapy was instituted but 
again flared up during the first relapse of both 
volunteers only to subside again when the fever 
disappeared. One of the volunteers, who was a 
physician, was convinced that at least six of the 
vesicles developed on marked sites where mites had 
been observed attached. 

Neither histological studies nor attempts to 
recover rickettsiae from the lesions were under- 
taken. It is not possible to say whether these le- 
sions represented unusual allergic reactions to 
mite bites which became infected during the rickett- 
semic phase of the disease; or whether they rep- 
resented aborted primary eschars, occurring at the 
site of bites of infected mites acquired late in the 
exposure period, which were controlled by chemo- 
therapy ; or whether they were unrelated to scrub 
typhus. 

Chloromycetin in blood, spinal fluid, and milk 

The blood level of chloromycetin was determined 
on a number of occasions in each of the treated 
patients listed in Table III. Similar determina- 
tions were also made on selected patients with 
scrub typhus from the group of volunteers. There 
appears to be little point in discussing the blood 
levels in detail. In general, the data presented in 
Figures 2 and 3 illustrate the types of curves ob- 
tained in the prolonged and short courses of 
therapy. 

The levels of chloromycetin in blood and spinal 
fluid specimens taken simultaneously were deter- 
mined in three instances. In addition, on two oc- 
casions specimens of blood and milk, obtained at 
the same time from one of the lactating patients, 
were assayed. The results summarized in Table 
V I indicate that the level of chloromycetin in the 
spinal fluid is about half that found in the blood 
and that similar!}’ the levels in the milk are of this 
same order of magnitude. 
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TABLE VI 


COMPARATIVE CHLOROMYCETIN LEVELS 
IN BLOOD, SPINAL FLUID AND MILK 


PATIENT 

NO. 

DISEASE 

BLOOD 

LEVEL 

mg/cc. 

C.S.F. 

LEVEL 

MG./CC. 

MILK 

LEVEL 

AiG./CC. 

18 

TYPHOID 

46 

20 


19 

TYPHOID 

21 

9 


37 

MALARIA 

37 

to 


Z4 

(8 May) 

SCRUB 

49 


25 

24 

(9 May) 

It 

26 


16 


Rickettsemia during afebrile periods 

The present work brought out a fact not pre- 
viously recognized, namely, that R. tsutsugamushi 
may occur in the blood at times when a patient 
is afebrile and essentially asymptomatic. Patient 
CP14, one of the volunteers in the prophylactic 
trial, developed a lesion in the pretibial region of 
his left leg on the 15th day after initial exposure 


in the field. This vesicular lesion with a surround- 
ing areola increased in size during the next few 
days while the patient remained ambulatory. 
Enlargement of the left inguinal nodes developed, 
and on the fifth day after its appearance the pre- 
tibial lesion was a typical eschar with a black cen- 
ter. It will be seen from Figure 4 that the pa- 
tient had an elevation of temperature for the first 
time on the afternoon of the third day after the 
eschar was noted. A sample of blood obtained on 
the morning of this day contained R. tsutsuga- 
mushi. The rickettsial agent was again isolated 
from blood taken immediately before Chloromycetin 
therapy was begun on the third febrile day of the 
illness. This is the first instance on record in 
which rickettsiae have been demonstrated in the 
blood prior to the febrile phase of scrub typhus. 

From the very beginning of the present work 
we were interested in determining how rapidly 
rickettsiae disappeared from the blood of treated 
patients. Therefore, in treated Patient 1 blood 
samples were obtained at frequent intervals dur- 
ing the first two and one-half days after therapy 


TABLE vn 


PERSISTENCE OF RICKETTSEMIA AFTER TREATMENT 
WITH CHLOROMYCETIN 


SCRUB TYPHIIB 

SPECIMEN 

TAKEN 

CHLOROMYCETIN 
BLOOD LEVEL 
flQ. / CC. 

RICKETTSIAE 

IN BLOOD 

CASE NO. 

HOURS AFTER 
fj BEGUN 

PT'S. TEMP. 

AT TIME 

1 

PRER 

102.8 

0 

POS. 


4 

103.0 

27 

POS. 


8 

100.8 

28 

POS. 


12 

101.4 

16 

POS. 


23 

98.4 

21 

POS. 


30 

98.0 

13 

POS. 


54 

97.8 

8 

NEG. 

4 

PRER 

102.0 

0 

POS. 


6 

101.4 

36 

POS. 

29 


102.2 

0 

POS. 



99.0 

45 

POS. 



98.0 

7 

NEG. 

43 

PRER 

101.8 

0 

POS. 


28 

98.6 

19 

POS. 

49 

PRER 

100.2 

0 

POS. 


1/2 

101.6 

IS 

POS.* 


2 

100.4 

28 

POS. 


6 

102.6 

100 

POS, 


10 

101.4 

88 

POS. 


24 

98.6 

26 

POS. 


30 

97.4 

8 

POS. 


48 

97.4 

0 

NEG. 

J 


* THE MLD50 TITER OF THIS SPECIMEN IN MICE WAS 10" '-5 
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was begun and were used for isolation studies and 
for determination of Chloromycetin blood levels. 
The data on this individual and on four other pa- 
tients with scrub typhus who were investigated 
along these lines are given in Table VII. Several 
points are evident from the tabular material. In 
the first place, rickettsemia was demonstrated in 
three patients 28 to 30 hours after therapy was 


begun at which time the patients were afebrile. 
However, the rickettsiae had disappeared from 
the blood of these three patients 42 to 54 hours 
after therapy was instituted. 

It has been shown that Chloromycetin, even in 
concentrations of 1250 fig. per cc., has no in vitro 
rickettsiocidal activity against the agent of tsutsu- 
gamushi disease (19). Therefore, the presence 



DOSE 20 4 


GM/DAY 

' 0-1 


1 ‘ 2 ' 3 ' 4 ■ 5 • 6 

^ 7 ' 0 

DAY OF 

9 ' to 

DISEASE 

> II ' 12 

' 13 ' J4 ' 15 ' 16 ! 

RASH 

+ 

+ 

o 



ESCHAR 

+ + 

+ + 

+ + + + 

+ + 

+ + + ± 

V»0C (TMOUSAN05) 

e.6 


9.7 


4.0 

HOG (CM) 

12.2 


•2.0 


10.7 

VrF OX-< 

40 
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R'CXETTSCMIA 

+ 


+ 



i'l:. r,>. Cli.'.’icai. Resionse of 

P.ATIEST P2 

TO P.-\BA 

Tiiee-apy 

Begun on the Seventh 


D.vy of Disease 


.\ t.tal cf 


Cn;?. 


c; scdiiioi p-am5noben2onte was given over a period 100 hours. 
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of concentrations of 50 to 100 /tg. per cc. of drug 
such as occurred in the patient’s blood samples 
would not be expected to inactivate the organism. 
Furthermore, the relatively small amounts of 
drug present in the material inoculated into mice 
could not be expected to influence the infection 
in these animals. 

Para-aminobcnzoic acid in {he ircainicnf of scrub 
typhus 

Para-aminobenzoic acid has been used with 
definitely beneficial results in the treatment of a 
number of rickettsial diseases (20, 21) including 
scrub typhus (22). Clinical results with this drug 
are less striking than are those obtained with the 
new antibiotic; nevertheless, when used relatively 
early in the disease, the duration of the febrile pe- 
riod and the mortality are reduced. Several pa- 
tients with scrub typhus were treated with 
p-aminobenzoic acid while under our observation 
during the present work. The record of one of 
these. Patient P2, is illustrated in Figure 6. The 
results obtained in this individual correspond in 
general with those observed in the other two. 
The patient was admitted on the evening of the 
seventh day and at 8:00 p.m. received 6.0 gms. 
of sodium p-aminobenzoate intravenously. Be- 
tween then and midnight she was given an addi- 
tional 11.0 gms. of the drug by mouth. During 
the succeeding four days she received 25-30 gms. 
of sodium p-aminobenzoate daily. An adequate 
blood level was reached and maintained. The 
fever disappeared by lysis over four days and af- 
ter the 12th day the patient remained afebrile. In 
general, the results in our hands agreed with those 
obtained by Tierney (22) in the treatment of 18 
patients with scrub typhus in Assam. 

It is our opinion that p-aminobenzoic acid has 
a place in the treatment of this disease when the 
newer therapeutic agents are not available. 

Lack of toxic manifestations attributable to Chlo- 
romycetin in treated patients 

No significant manifestations of toxicity were 
attributable to the use of Chloromycetin in the 
treatment of 84 patients mentioned in this report; 
this includes not only 69 patients with scrub typhus 
but the additional group of 15 with other diseases. 
The occurrence of mild cerebral stimulation in per- 
sons receiving single 4.0 gm. doses of drug has 


been mentioned elsewhere as has the fact that the 
administration of 12.0 to 20.0 gms. of drug over 
a period of three weeks to 34 volunteers in the 
chemoprophylactic studies was without untoward 
effect (15) . Most of the treated patients who had 
acquired their scrub typhus under strictly natural 
conditions received considerably smaller amounts 
of drug than did those volunteers in the chemo- 
prophylactic tests who suffered from relapses. 
Even in the latter group no evidence of toxicity 
was demonstrated. It may be mentioned that 
certain of these volunteers, during the course of 
their prophylaxis and throughout their treatment, 
received 38.0 to 46.3 gms. of drug over a period 
of about eight weeks (see Table VIII). The ad- 
ministration of such large amounts of drug over 
an appreciable period of time indicates that pa- 
tients are not readily sensitized to this substance. 
Even those individuals who received the com- 
pound intermittently remained free of evidence 
of sensitivity. 

Red blood cell counts (or hemoglobin levels) 
and leukocyte counts were done, in so far as pos- 
sible, both before treatment and during convales- 
cence on all patients suffering from scrub typhus 
who received Chloromycetin therapeutically. In 
five instances, when severely ill patients were 
treated in estate hospitals, it was not practicable 
to obtain pretreatment values. In the evaluation 
of data obtained in this fashion, it may be pointed 
out that a significant drop in red blood cell count, 
i.e., 0.9 million cells or 2.5 gms. of hemoglobin, 
occurs during the first two weeks of the untreated 
disease (23). 

Of the 64 patients who received Chloromycetin 
therapy for scrub typhus and who were adequately 
studied, 27 showed a drop in red blood cell count. 
The maximum decrease observed for any one 
patient was 1.10 million, and the average decrease 
for the entire group of 64 was 0.11 million. 
These reductions in red blood cell count are of 
the same order as those occurring in untreated 
patients (23) . In the present group, there was an 
average rise of leukocyte count from 6,700 to 
7,400; this also occurred frequently in untreated 
cases during convalescence. It is interesting to 
note that Chloromycetin was administered to one 
patient whose leukocyte count at the beginning of 
therapy was only 1,700. His recovery was un- 
eventful, and, at the time of discharge, the white 
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count had risen to 4,200. Routine urine analyses, 
performed during the acute illness and convales- 
cence, demonstrated no abnormalities that were 
not present before therapy was initiated. In 
summary, no significant change of the blood or 
urine attributable to the administration of Chloro- 
mycetin was noted. 

DISCUSSION 

The observations reported at this time clearly 
indicate that chloromycctin is a highly effective 
therapeutic agent in the treatment of scrub typhus 
in man. When properly used, it may be expected 
to produce obvious improvement in the patient’s 
condition in a matter of a few hours and to render 
him afebrile in about 30 hours. 

The short course of therapy which was used 
extensively in the present studies consisted of an 
initial oral administration of approximately 60 
mg./kg. of body weight which was followed by an 
additional 1.5 to 2.0 gms. of drug given as 0.25 gm. 
tablets at three-hour intervals. This regime ap- 
peared to be satisfactory in those patients who ac- 
quired their disease during exposure while pursu- 
ing their normal occupational duties. On the aver- 
age these patients were first treated 6.2 days after 
onset of illness. These individuals all became 
afebrile in an average of 31.8 hours and remained 
afebrile thereafter. 

The results in volunteers who were purposely 
exposed in hyperendemic areas of scrub typhus 
during the course of chemoprophylactic field trials 
differed from that observed in the patients who 
acquired the disease during normal occupational 
exposure in infected areas. Fifty-four per cent 
of the volunteers who developed scrub typhus 
subsequently had one or more relapses following 
the apparent cure which had resulted from the 
initial treatment. Although the volunteers who 
had relapses became permanently afebrile, on the 
average, on the 17th day after onset of original ill- 
ness, nevertheless, a number of them did not re- 
turn to full strength and vigor until two or three 
weeks later. Various factors which might have ac- 
counted for the relapse rate in the volunteers have 
been discussed at length in another paper (15). 
Among these factors only two that need be men- 
tioned here are (a) the infecting dose was un- 
doubtedly hea^^ and was probably repeated over 
a period of daj^s in the volunteers, and (6) treat- 


ment was begun appreciably earlier in these per- 
sons than in those who acquired their infection 
naturall}'. The hypothesis which is presently pre- 
ferred to account for these relapses is as follows : 
“The rickettsiostatic effect of Chloromycetin was 
dissipated within a short time after therapy was 
stopped. At this early stage of infection the im- 
mune mechanism of the host had not yet had time 
to respond adequately to the rickettsial agent. 
Therefore, after a temporary interruption due to 
drug, the growth of the rickettsiae proceeded at 
an unabated rate. Finally, after an interval of 
five to 10 days, the rickettsial multiplication 
reached a level sufficient to elicit clinical mani- 
festations again” (15). 

The variation in incidence of eschars in patients 
of different races has been previously observed 
with scrub typhus (10, 11b) and was the experi- 
ence in the present studies on persons who ac- 
quired the disease during normal occupational 
duties. Furthermore, the high incidence of eschars 
in the Caucasians in the control chemoprophylactic 
group and the relatively low incidence in the 
Asiatics in this group was to be expected. How- 
ever, the absence of eschars was an unexpected 
observation in those persons who developed scrub 
typhus after chemoprophylaxis was discontinued. 
It has been suggested that local cutaneous im- 
munity developed in these persons during the sub- 
clinical infection which was brewing during the 
course of prophylaxis. 

SUMMARY AND CONCLUSIONS 

Sixty-nine patients with scrub typhus were 
treated with chloromycetin. Although some of 
these were desperately ill when therapy was insti- 
tuted, there were no deaths in this group. The 
mortality rate among the 19 untreated patients ob- 
served during the present work was slightly 
greater than 5 per cent ; this agrees well with the 
figure of 6.7 per cent in a series of 164 patients 
observed by Lewthwaite in Malaya (11a). 

The most commonly used therapeutic regime in 
the present work emplo3'ed about 6.0 gms. of 
Chloromycetin orally over a period of 24 hours. 
This was adequate to render patients, who acquired 
their disease naturally, afebrile within an average 
of 32 hours irrespective of the time during the 
course of the disease when the drug was started. 
These patients convalesced rapidly and had no 
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relapses. In contrast 54 per cent of the 37 volun- 
teers who acquired scrub typhus developed re- 
lapses; these persons had been exposed for a 
number of days in hyperendemic areas during 
chemoprophylactic field trials. It is apparent that 
the course of therapy given early in the disease 
to volunteers was not adequate to control perma- 
nently the infection in them. However, the re- 
crudescent disease was controlled without difficulty 
when Chloromycetin was again administered. 
Additional information is needed before final con- 
clusions can be drawn about the optimal thera- 
peutic regime. In the meantime, it is recommended 
that all patients with scrub typhus, irrespective of 
the time when treatment is started, be given an 
initial oral dose of 60 mg./kg. of body weight and 
that this to be followed by 0.25 gm. doses of drug 
at three-hour intervals for at least 24 hours. If 
a recrudescence of fever occurs, the course should 
be repeated. 

Chloromycetin is of low toxicity for man. No 
significant untoward effects were obsen'ed in any 
of the 84 patients who received the drug in the 
current studies. 

Chloromycetin appears in the spinal fluid and 
milk of human beings reaching levels about half 
that in the blood. 

Rickettsemia may occur for short periods be- 
fore fever begins in tsutsugamushi disease and for 
a number of hours after treated patients become 
afebrile. 
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Previous attempts to estimate the glycogen 
content of the human liver were based on deter- 
minations performed on material obtained by op- 
erative biopsy or from postmortem specimens. 
Observations on animals have shown that these 
procedures may introduce an important error 
through the effect of the commonly used anesthetic 
agents, or of trauma, before the specimen is ob- 
tained. The development of a technic for the re- 
moval of small specimens of liver by aspiration 
biopsy is well adapted to the study of glycogen 
metabolism, for it avoids the uncertain effects of 
premedication, general anesthesia and the trauma 
of operation. By this method serial biopsies of 
the liver have been obtained in a study of patients 
under treatment for diabetic acidosis. 

METHODS 

Liver tissue was obtained by needle biopsy, using the 
Vini-Silverman needle, under local procaine infiltration. 
With practice, it was possible to obtain an adequate speci- 
men in less than three seconds from the time of insertion 
of the needle into the substance of the liver. Speed was 
desirable, since patients in severe acidosis were unable to 
hold their breath. The specimens were immediately fixed 
in iced absolute alcohol or Rossman's fixative. 

Plasma carbon dioxide combining powers were deter- 
mined by the method of \’^nn Slyke and Neill (1). The 
Folin-Vhi method was used for the determination of 
blood glucose (2). 
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certain that the entire specimen submitted to analysis 
consisted of hepatic parenchyma. On several occasions, 
specimens obtained by needle biopsy have included bits 
of skeletal muscle, fat or fibrous tissue with the liver 
specimen. Had the entire contents of the needle been 
analyzed, the results would not have been representative 
of liver glycogen. It therefore seemed essential to ex- 
amine microscopically the material which was to be 
analyzed. To do this, some histochemical method of 
estimating glycogen had to be adopted. 

It had previously been shown by Deane, Nesbett and 
Hastings (4) that the staining intensity of glycogen in 
rat livers was proportional to the concentration of gly- 
cogen determined by the usual chemical methods. This 
fact was used to develop a method of estimating the 
glycogen content of the specimens obtained by biopsy. 

The tissue was prepared and stained for glycogen by 
the method of Gomori (5) under carefully controlled 
uniform conditions. No counterstain was used. Control 
slides prepared from tissue digested by salivary amylase 
demonstrated that only glycogen-containing material was 
stained by this method. 

The optical density of tlie stained glycogen was deter- 
mined photometrically. A photomicrographic apparatus 
was set up in a dark room. The slide to be examined 
was placed upon the mechanical stage and its image pro- 
jected, at a magnification of approximately 500 X upon 
a ground glass screen with a central clear zone. Over 
the clear window was fixed the aperture of the photo- 
electric cell of a Photovolt electronic photometer. With 
the substage lamp turned off, the photometer was ad- 
justed to read "0.0.” The lamp was then turned on, 
and the slide scanned in an area without tissue. The 
substage diaphragm was then adjusted so that the pho- 
tometer reading was “100.0.” This step automatically 
corrects for variations of color or thickness of the slide, 
covcrslip or mounting medium. The image of the prep- 
aration was then moved across the screen so that succes- 
sive random readings of the light transmitted through 
the tissue could be made. Because of the manner of 
adjustment, tlic galvanometer readings represented “per 
cent transmission.” These readings were translated to 
optical density by the application of the formula : d = 2 
— log T. Unstained tissue had no detectable optical den- 
•sity. Since glycogen stains black by the method used, 
Jt_ was possible to make readings using a white source 
or light without filters. A method similar to this has 
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Fig, 1. Relationship of Optical Density of Histochemical Preparation to 
Glycogen Content of Rat Livers 


been described by Buchanan and Hill for the estimation 
of myelin (6). 

It has been observed by Gomori and Goldner (7) that 
there may he considerable focal variation of the glycogen 
content of liver cells. Hedon and Loubatieres, however, 
analyzing fairly large aliquots of liver, have shown (8) 
the maximal variation within the liver to be less than 
10 per cent. It was necessary, therefore, to determine 
the mean of a series of readings for each specimen in 
order to obtain an adequate sampling of the glycogen 
content of the specimen. The minimum number of ob- 
servations which would afford the desired accuracy was 
ascertained by making 100 random readings of a single 
specimen. Wit^ 100 readings, the mean was 0.39 with a 
standard error of i 0.012 optical density units. With 
20 readings, the standard error ranged from .014 to .022. 
Ten readings produced standard errors ranging from 
0,026 to 0.043. It was felt that the standard error of 
less than 10 per cent provided by 20 readings was suffi- 
ciently accurate for the purposes of the present investi- 
gation. 

In order to estimate the accuracy of the method, a 
series of determinations were made comparing the chemi- 
cal methods of assaying glycogen with the results of the 
histochemical estimation on the same specimen. A group 
of rats was injected with glucose whereas others were 
fasted for various periods to provide liver tissue with 
varying glycogen contents. The animals were then sacri- 
ficed. Immediately after death, adjacent specimens of 
liver were obtained for the determination of glycogen 
by the method of Good, Kramer and Somogyi (3) and 
for histochemical preparations. The regression of optical 


density on the chemical glycogen value was calculated. 
The significance of the regression was determined by 
dividing the slope by its standard error, giving a value 
of 2 of less than 0.01 (Figure 1). The standard devia- 
tion of the points about the regression line was + 0.149. 
It is of some importance that the standard deviation of 
the 100 readings performed on a single preparation was 
+ 0.121. In two separate sets of data, the degree of 
variance caused by the method of observation appears to 
be almost the same, indicating that the technic is uniform 
and the results reproducible. 

A further conclusion may be drawn from the close 
agreement of the standard deviations of the regression 
curve and of a single preparation examined many times. 
Since the variance of the points about the regression 
curve is no greater than the variance of a series of 
optical densities determined for a single specimen, it 
appears that the entire scatter of points on the regres- 
sion curve can be accounted for by the limitations of the 
method of determining optical density. It is therefore 
unnecessary to suppose that part of the scatter may be 
caused by unequal distribution of glycogen through the 
liver. Apparently the mean of 20 readings of the histo- 
logic section offers a sample adequate for controlling 
local variations of glycogen. The limiting factor of 
accuracy therefore appears to arise, not from the unequal 
distribution of liver glycogen, but from the limitations of 
the scanning technic. 

-"p" estimated from Fisher’s table of /> (23). A sig- 
nificant value is considered to be one less than 0.02. 
Slope = .0827 + .0031. 
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TABLE I 


Therapeutic procedures and chemical determinations in six patients with diabetic ketosis 


Patient 

Age 

Sex 

Pre-II 

plasma 

COa 

comb. 

power 

Therapy until second biopsy j 

Liver glycogen 
gm.llOO gm. liver 

Insulin 

Glucose 

1 

i 

Saline 

Interval 
to second 
biopsy 

Before 

I? 

After 

Increase 

Increase 











gm.llOO 



vol. % 

tinils* 

j sm. 

tilers 

hours 




■ gm.Ihr. 

G. H. 

28 

14.3 

No second biopsy was obtained 

0.4 





M . 










P. C. 

26 

19.1 

100 

100 

2.0 

1.00 

0.3 

0.6 

0.3 

0.3 


F 


50 








M. S. 

70 

48.7 

45t 

Lunch 

0.9 

2.00 

3.5 

4.3 

0.8 

0.4 


F 



1 







Gr. H. 

35 

13.9 

150 

150 

4.0 

2.75 

7.0 

8.0 

1.0 

0.4 


F 


SO 








Br. T. 

20 

38.5 

ISO 

100 

3.0 

3.75 

1.9 

3.7 

1.8 

0.5 


M 










B. T. 

40 

27.8 

250 

300 

8.0 

6.00 

0.5 

4.8 

4.3 

0.7 


F 


125 






i 



* The upper figure refers to total dosage; the lower figure is the amount given intravenously in the clyses. Unless 
otherwise specified all insulin was regular insulin. 

t Administered as a routine injection of protamine zinc insulin five hours before the biopsy. 


Tlie standard error of the glycogen determination is 
approximately i 0.022. The limitation of the ability of 
the method to distinguish differences of glycogen concen- 
tration is, therefore, ± 0.044 d in the regression equation, 
f/ = 0.108 + 0.0827 G, or a difference of glycogen con- 
centration of O.S gm./lOO gm. of liver. The sensitivity 
of this technic is therefore limited, since it cannot detect 
small alterations of concentration. This disadvantage 
seems to I)e outweighed by the opportunity to examine 
under the microscope the tissue which is to be analyzed, 
and by the assurance that it is the glycogen concentration 
of the liver cells which is actually being determined. 

New sets of histologic preparations were made from 
the same blocks of rat liver for repeated histochcmical 
assays. It was found that the slope of the regression 
curve varied somewhat in the different sets. In spite of 
this, the relationship of the various samples to one an- 
other remained constant. The variation of the slope 
therefore appeared not to be due to errors of the method 
of determining optical density, but to variations in the 
intensity of staining reaction in successive runs of slides. 
To control this, it was necessary to set up a new refer- 
ence curve for the calibration of each batch of histologic 
preparations. This was done by running sections from 
four of the rat liver preparations previously described 
abuv.'; with th.e biopsy specin’.ens. taking care to treat 
b' tb. st.ati. lards an ! unkn nens in a uniform manner with 
regard, to vectiming. staining an! mounting. The optical 
d.eii'ities of tl'.e s’.and.irds were plotted, an estimated rc- 
ere'sfon iin; drawn, an! tl-.e glyoigcn content of the 
tni'-.f . 'w !! ss-ccim.-ns read iron; t!',is line. AI! of t}:c biop- 
sies ir.—’. a gi'.cn ‘--’.''je'Ct '-'.ere analyse,; in the same batch. 


CLINICAL MATERIAL 

Six patients admitted to the medical service of Grady 
Memorial Hospital with diabetic acidosis of varying de- 
grees of severity were subjected to needle biopsy of the 
liver before the institution of treatment. In five cases a 
second biopsy was obtained after varying periods of 
therapy. No ill effects attributable to biopsy were ob- 
served. The treatment used consisted of the adminis- 
tration of insulin, glucose and salt solutions. The details 
are given in Table I. 

Liver biopsies by the same technic were also done on 
three patients hospitalized for various acute illnesses not 
involving the liver or carbohydrate metabc^ism. The first 
biopsy was done under basal conditions and was followed 
by another biopsy in two of these patients after they had 
been given a standard breakfast which supplied more 
than 50 gm. of carbohydrate. At the time of these ex- 
aminations, all patients were convalescent and had been 
afebrile for more than 48 hours. All had been eating a 
diet containing more than 300 gm. of carbohydrate for 
three or more days before the test. 

RESULTS 

The values obtained in the normal basal indi- 
viduals were 2.8, 3.2 and 4.7 gm./lOO gm. These 
values are somewhat higher than the mean value 
of 2.0 per cent found by Young, Abels and Horn- 
burger (9) who obtained their specimens during 
laparotomy, and by Hildes, Sherlock and Walshe 
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(10) who employed the aspiration biopsy technic 
and used a chemical technic for analysis of gly- 
cogen content. The present figures, however, fall 
within the range of normal observations obtained 
in both of the other normal series. Two subjects 
were examined one hour after breakfast. In these 
instances there was an increase of glycogen con- 
tent of 1.5 and 2.3 gm./lOO gm. No comparable 
observations are available in intact human beings, 
since the results of Young, Abels and Homburger 
after the administration of glucose were obtained 
from patients other than those furnishing speci- 
mens prior to carbohydrate administration. 

The glycogen content of the livers of patients 
with untreated diabetic ketosis ranged from 0.3 
to 7.0 gm./lOO gm. (Table I) . If patient Gr. H. 
is omitted from the calculation, there is a correla- 
tion between the carbon dioxide combining power 
and the liver glycogen concentration. The justifi- 
cation for the elimination of patient Gr. H. from 
this series is discussed below. 

In each patient there was an elevation of the 
liver glycogen after treatment. If the rate of in- 
crease of glycogen in gm./lOO gm./hr. is calcu- 
lated for each patient, and compared with the dura- 
tion of treatment before the second biopsy, a steady 
increase in the rate of glycogen deposition is found 
from a minimum of 0.3 gm./lOO gm./hr. after one 
hour of treatment, to a maximum of 0.72 gm./ 
100 gm./hr. after six hours of therapy. 

DISCUSSION 

The finding of normal values for the glycogen 
content of the liver under basal conditions pre- 
sents additional evidence of the validity of the 
method used for estimating glycogen in the pres- 
ent study. The fact that the values range some- 
what higher than the mean values of other series 
may be fortuitous in view of the small number of 
observations. It should be noted, however, that 
in the series presented by Young et al. (9) the 
patients received “routine preoperative prepara- 
tion,” which may have included morphine. Most 
of their specimens were obtained during laparo- 
tomy under ether anesthesia. The absence of 
pharmacologic and psychic stimulation prior to 
biopsy in the present series may account for the 
somewhat higher glycogen values in our patients. 

The livers of untreated diabetic patients con- 
tained less glycogen than normal, except in two 


cases. One patient, M. S., was mildly decompen- 
sated. Her carbon dioxide combining power was 
almost normal (48.7 vol. per cent), and she re- 
covered spontaneously under the influence of the 
protamine zinc insulin which she had taken five 
hours previously. The other patient, Gr. H., may 
represent a special case, and is discussed below. 
If this patient is omitted from consideration, there 
is a correlation between the carbon dioxide com- 
bining power and the liver glycogen concentration 
(r = 0.939 ; p less than 0.02) . It therefore ap- 
pears that the degree of glycogen depletion may 
have been related to the severity of the acidosis 
in five of the six patients. 

It has generally been stated that the liver gly- 
cogen tends to be depressed in diabetic acidosis 
(11). It has been shown, however, that the liver 
glycogen of the pancreatectomized dog (12) or 
alloxanized rat (13, 14) or rabbit (14) may be 
normal at times when the animal shows signs of 
severe diabetes. Glycosuria, hyperglycemia and 
ketonuria may be found in the presence of nor- 
mal or elevated liver glycogen concentrations. 
In fact, alloxan-diabetic rats tend to maintain 
their liver glycogen reserves better during fasting 
than the normal rat (15). Only when the animal 
enters a stage of terminal acidosis does the gly- 
cogen level fall (16). 

Previous studies of liver glycogen concentra- 
tion in human diabetics have been confusing be- 
cause the tissue was examined only after death 
(17, 18) or because, in many cases, the specimens 
were obtained after treatment with insulin (19, 
20). Hildes et al. (10), using a technic similar 
to that used in the present study, determined the^ 
glycogen content of the liver of several diabetic pa- 
tients. Their subjects, although ketonuric, were 
not severely decompensated, since there was only 
one in the group with a carbon dioxide combining 
power of less than 49 vol. per cent. In their series, 
the liver glycogen concentrations were normal. 

The present series represents the first group of 
human diabetics in severe acidosis whose liver 
glycogens have been estimated prior to treatment. 
The relationship between the severity of acidosis 
and the depression of liver glycogen appears to 
agree with the results obtained in animals. It is 
of interest, however, that one patient (Gr. H.) had 
an elevated liver glycogen concentration while 
in severe acidosis. Thus, in humans as in ani- 
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mals, it is possible to have advanced diabetic keto- 
sis in the presence of an elevated liver glycogen 
concentration. 

There is probably, therefore, no causal relation- 
ship between depression of liver glycogen and the 
development of acidosis in diabetes. On the con- 
trary, the nausea and vomiting of ketosis niay so 
restrict the food intake as to play a significant role 
in the development of liver glycogen depletion. 
We have no evidence upon which to decide which 
factor is primary. 

After the institution of treatment, there was an 
increase in the hepatic glycogen concentration in 
all patients examined. This effect of therapy had 
previously been noted, in a qualitative observation 
(21). Following the institution of therapy, the 
rate of glycogen accumulation by the liver in- 
creased over a seven-hour observation period. 
This finding agrees with the studies of splanchnic 
glucose balance in human beings during treatment 
for diabetic ketosis (22). In these patients, there 
was a latent period of approximately one hour 
after the administration of large amounts of insulin 
intravenously before the splanchnic system began 
to retain glucose. It appears probable that even 
after the administration of large doses of insulin 
and glucose, some time must elapse before the liver 
achieves its maximal rate of glycogen deposition. 

One patient, Gr. H., had a liver glycogen con- 
centration far higher than any of the others, and 
higher than any of the normal subjects in this or 
other scries (9, 10) . There can be no doubt that 
the patient was suffering from severe diabetic 
acidosis (sec appended case history). In certain 
respects, however, she was different from the other 
patients in the series. She was very obese, while 
the other patients were thin or normal in nutri- 
tion. Tiie history of polyuria and polydipsia ex- 
tended hack for a period of two years ; but she had 
felt well until, following a trauma, she suddenly 
dcvcloi''cd ketosis. Her acidosis was moderately 
insulin-resistant, requiring more than 800 units 
in 24 hours: hut when placed on a stringent re- 
ducing diet, she lost 20 lbs. and was controlled 
well without insulin. The other patients in this 
series hail taken insulin for ]wolonged periods, 
and conl'l not he controlled by diet alone. It there- 
fore seems tint patient Gr. H. falls into the group 
i>: sr'.i! 1 <ii:d.vtics with o' esity. Th.e oth.cr patients 
a"pw.r to I'.s.ve sutTerwl from a more severe and. 


possibly, a basically different type of disease. It 
may be that this difference explains the fact that, 
of all the patients examined, only patient Gr. H. 
had an elevated liver glycogen concentration during 
severe ketosis. 

SUMMARY 

The liver glycogen content of diabetic and non- 
diabetic patients has been estimated by a method of 
determining the optical density of histologic prepa- 
rations. The tissue was obtained by needle aspira- 
tion and was prepared by Gomori’s histochemical 
technic. The method was sensitive to changes in 
glycogen concentration of 0.5 gm./lOO gm, and 
appeared to furnish an adequate estimate of the 
glycogen of the entire liver. 

Glycogen determinations were made on the 
livers of three non-diabetic fasting patients, and 
in two of them after breakfast. The fasting values 
ranged from 2.8 to 4.7 per cent. A significant in- 
crease in the liver glycogen was observed after 
a meal. 

Six decompensated diabetic patients were sub- 
jected to biopsy. In all cases except one, there 
was a decrease of liver glycogen proportional to the 
severity of the ketosis. After treatment, all pa- 
tients show'ed an increase of liver glycogen. 

One patient had a liver glycogen concentration 
of 7.0 per cent during severe ketosis. Because of 
her obesity and low insulin requirement, it is sug- 
gested that she may have had a type of diabetes 
different from the other subjects. In spite of her 
high initial glycogen level, this patient also de- 
posited glycogen in her liver during therapy. 

APPENDIX 

Gr. H., 27 year old negress, was admitted to the medi- 
cal service of Grady Memorial Hospital on February 14, 
1948, because of abdominal pain. She had noticed fre- 
quency of urination, beginning in 1945, and had moderate 
increase in thirst from that time. One week before ad- 
mission she had been kicked in the abdomen. Following 
this, she developed abdominal pain, increased thirst and 
urination. Three days prior to admission she began to 
vomit. Eight hours before admission she developed 
shortness of breath. 

One sister suffered from diabetes mellitus. The pa- 
tient had adequately treated persistently seropositive syph- 
ilis, Two stillbirths had occurred, the most recent being 
three months before admission. 

The temperature was 99.6, pulse 110, respirations 36, 
blcofl pressure 120/80, and weight 247 lbs. The physical 



LIVER GLYCOGEN IN DIABEl 


•NCTION 


examination sliowcd an uncomfortable, mildly disoriented 
obese negress who lay panting in bed. She was severely 
dehydrated. There were intertrigo, vaginitis and evi- 
dence of chronic pelvic inflammatorj- disease. The ex- 
amination was othervvise not remarkable. 

The Kahn test was positive (4 Kahn Units), the 
urine positive for sugar (four plus) and acetone (three 
plus). The red blood count was 5,850,000, the hemato- 
crit 49 per cent and the sedimentation rate (Westergren) 
48 mm./hr. The white count was 11,550, with 74 per 
cent polymorphonuclear forms. The admission blood 
glucose level was 420 mg./lOO ml., and the carbon diox- 
ide combining power 13.9 vol. per cent (6.3 mM/L). 

The acidosis was controlled, in a period of 24 hours, 
after the administration of a total of 810 units of regular 
insulin, 6500 ml. of normal saline and 550 gm. of glucose 
parenterally. After a period of observation in the hos- 
pital, she was discharged on an 820 calorie reducing diet, 
with 60 units of protamine zinc insulin daily. Over a 
period of three months, her insulin requirement gradually 
dropped so that, by May 1948, she was aglycosuric with- 
out insulin. During this time she lost 20 lbs. of weight. 
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One of the earliest uses of radioiodine was as a 
tool for the study of thyroid physiology (1-7). 
Estimations of the relative quantities of isotope 
stored in the thyroid have been made by means of 
a Geiger-Miiller tube held over the gland and by 
determining the amount present in the urine and 
blood. The rate with which the level of radio- 
iodine changes in these compartments has also 
been studied (7, 8). 

In subjects with euthyroidism, radioiodine was 
found (8) to be excreted rapidly, within a few 
hours after its administration, but a plateau tended 
to appear after 48 hours. In myxedematous indi- 
viduals, excretion was slower initially but it was 
more persistent, requiring four days or more ; the 
total amount excreted after several days was 
greater in myxedematous subjects than in normal 
or thyrotoxic ones. In untreated thyrotoxic pa- 
tients the rate of excretion was less than in either 
of the other two groups. The cun'es describing 
excretion became asymptotic relatively quickly. 

The difTerences in the metabolism of iodine in 
various functional states of the thyroid have 
[iromptcd an investigation of the usefulness of 
radioiocline as a diagnostic test. One of the best 
tests not dealing with radioiodine that has been 
available is the determination of the protein-bound 
iodine of the plasma (9). This test is so long and 
dinicult that it can he performed satisfactorily only 
under the direction of a few highly qualified indi- 
viduals and even then some overlapping in the 
values for different degrees of thyroid function 
mav he found (10). Moreover, the test is unreli- 
al>le if the patient has recently received iodine in 
organic form attd if highly scrn]nilous technique 
is tint followed, in the collection of the {dasma as 
well a'^ in the determination. It seemed to us that 
in sorjir institutions it might lie possible to use 


simpler and more rapid. It appears logical to as- 
sume that the quantity of protein-bound radio- 
iodine in the serum, after the administration of 
tracer doses, might indicate the relative rate of 
manufacture of the thyroid hormone and its re- 
lease into the blood stream. Of course, the values 
obtained would represent only an approximate 
balance between these two factors and the quantity 
of the hormone stored in the various fluids and 
tissues of the body, including the thyroid ; also be- 
tween the amount metabolized and excreted. 
Nevertheless, with methods not using the radio- 
iodine, not only do these difficulties in interpreta- 
tion exist, but also it is not possible to determine 
the time required for the changes to occur. The 
latter aspect would seem to be a very important 
one. 

METHODS 

Two types of study were conducted following the ad- 
ministration of a tracer dose of radioiodine subcutane- 
ously. In one, frequent specimens of blood and urine 
were collected during a 24-hour interval, for a deter- 
mination of the proportion of isotope present. In the 
other study, which consisted of a larger number of 
patients, urine was saved for 24 hours and a single 
specimen of blood was taken at the end of this interval. 
I*” obtained from Clinton Laboratories, Oak Ridge, 
Tennessee, was used for the studies; no carrier was 
added. 

Determination of the radioiodine in the specimens was 
by the methods previously described (11). Trichloracetic 
acid was used for precipitation of protein-bound isotope. 
The “DI” (diiodotyrosine iodide) fraction was separated 
from the “TI" (thyroxin iodide) by butyl alcohol pre- 
cipitation (9). 

In the first experiment there were seven individuals 
with euthyroidism, four with thyrotoxicosis, three with 
athyreosis and one with Addison’s disease. The patients 
with thyrotoxicosis had had no treatment. Those with 
athyreosis were in a state of euthyroidism as a result of 
therapy with desiccated thyroid, thereby affording an 
opportunity to observe the effects of the thyroid upon 


in whK’h won! ! he more accurate, 
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certain aspects of iodine metabolism. Results obtained 
in patients so treated would be expected to be unlike 
those of untreated patients in that the metabolic rate 
would be higher in the former group, but the two types 
are similar in that in both instanees essentially no thy- 
roxin can be synthesized by the thyroid. The subject 
with Addison’s disease was adequately treated with de- 
soxj’corticosterone. Each of the patients in this experi- 
ment was hospitalized while the studies were eonducted. 

In the second experiment there were 20 subjects with 
euthyroidism, eight with atbyreosis receiving treatment 
with desiccated thyroid, 17 with definite thyrotoxicosis, 
and seven with questionable thyrotoxicosis. The group 
with euthyroidism consisted of ten internes, two nurses, 
and eight patients with a variety of non-thyroid diseases, 
none of which were severe. Ten of the thyrotoxic pa- 
tients had had no previous therapy; the others had had 
propylthiouracil but none for four days or more preceding 
the test, and it was found that the results were similar 
to those without previous therapy. Two of the seven 
subjects with questionable thyrotoxicosis had been treated 
previously with propylthiouracil, but had not received any 


for more than one week preceding the radioiodine. Each 
of the seven patients had a goiter. Very few of the sub- 
jects in this experiment were hospitalized. 

RESULTS 

The results of the first experiment are shown 
in Figure 1. The subjects with euthyroidism and 
the ones with athyreosis excreted radioiodine in 
the urine much more rapidly than did the patients 
with the thyrotoxicosis. None of the latter group 
excreted as much as 20 per cent of the injected 
dose within the first 24 hours, whereas each of 
the other two groups excreted distinctly more 
than this quantity. The myxedematous subjects 
had excreted essentially the same quantity of iso- 
tope as normals by the end of four hours. In the 
patient with Addison’s disease, the excretion of 
isotope in the urine and its concentration in the 



Each patient was given 100 microcuries of radioiodine (I") subcutaneously without any carrier FBI* 
indicates the protein-bound radioiodine. All values are expressed with reference to the dose of isotope 
admmistered. 
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serum were within normal range. During the first 
four hours the concentration of total radioiodine 
in the serum of thyrotoxic patients tended to be 
lower than in the subjects with euthyroidism or 


athyreosis. It can be observed in Figure 1 that 
two of the thyrotoxic patients had a second rise 
in the concentration of isotope. The quantity of 
protein-bound radioiodine rapidly reached a pla- 



Fig. 2 


The serum specimens were obtained 24 hours following the administration of radio- 
iodine; during this interval all urine was saved for analysis; two patients neglected 
to collect urine. The cpiantity of radioiodinc in inorganic (II*) form in the scrum 
was <!crived by subtracting the protein-bound radioiodinc (FBI*) from the total 
radio!' Kline content ot scrum. The reasons for empirically dividing and multiplying 
the values [or th.e ra'lioicdine in urine by the inorganic radioiodine in the serum arc 
i!i-.:us<ed in th.e text. The data shown in the seventh column of the group with 
••? tliyr.'toxi.-od'” arc tl'.o-e of a patient who was subsequently shown not to have 
tr!;.T.. t'.ixi:i;y. Unfortunately. thi= patient failed to save all of his urine. The diag- 
f '■!- of the in livi h.:al with d-ita presented in the si.xth column is still questionable. 
Ir. f ".r tatim.ts myxed.e-.a wa= primary and in the other four (last four columns) 
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teau in the individuals with euthyroidism and 
athyreosis. In the ones with thyrotoxicosis the 
increase was slow in the first few hours, but after 
24 hours it was markedly higher in three of the 
four thyrotoxics than in any other subject. These 
observations prompted the performance of the 
second experiment, the results of which are shown 
in Figure 2. 

The concentration in the serum of total radio- 
iodine was distinctly greater in the patients with 
thyrotoxicosis than it was in normal individuals. 
In considering these findings in conjunction with 
the subnormal excretion of radioiodine in the urine 
within a 24-hour interval, it must be borne in 


mind, as illustrated in Figure 1, that during sev- 
eral hours the concentration of total radioiodine in 
the serum was less in the thyrotoxic subjects than 
in normals. Moreover, in the former group, dur- 
ing the latter part of the 24-hour interval more of 
the radioiodine was protein-bound and thus less 
available for excretion. 

The concentration of total and inorganic radio- 
iodine serum of myxedematous patients was 
greater than normal, wliile the protein-bound ra- 
dioiodine of the serum and the quantit)' of isotope 
in the urine were essentially normal. As to why 
there should be the discrepancies in the ratios of 
inorganic iodine in the serum and the quantitj- in 
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the urine, the answer is not dear. However, we 
attempted to emphasize these discrepancies in 
the different groups by empirically dividing the 
urine values by the serum inorganic iodine, and, 
also by multiplying them. As seen in Figure 2, 
there is a marked difference in the ratio of urine to 
serum values in the normal group as compared 
to the others. The product of the values is dis- 
tinctly greater than normal in each of the subjects 
with athyreosis ; it is also greater in some, but not 
all, of the thyrotoxic patients. 

In serum of some of the patients the diiodotyro- 
sine radioiodine and thyroxin radioiodine fractions 
were determined (Figure 3). No very striking 
difference in these fractions was observed in the 
various groups. The ratio of thyroxin to diiodo- 
tyrosine tended to be somewhat greater in the 
thyrotoxic patients, but there is too much over- 
lapping of values to be of practical significance. 
On the other hand, the ratio of diiodotyrosine 
radioiodine to total radioiodine is definitely 
greater in the normal subjects than in the others. 
The tendency in normals for a greater ratio of 
thyroxin radioiodine to total radioiodine was an 
unexpected finding. 

DISCUSSION 

All of the indirect methods that have been pro- 
posed for the evaluation of the functional state of 
the thyroid gland by the determination of its up- 
take of radioiodinc are associated with certain in- 
accuracies. Among these are the variations in 
thiclcncss and contour of the neck, innumerable 
factors affecting kidney function, differences in the 
volume of the fluid compartments, and probably 
the rate of metabolism of the thyroid hormone and 
of it.s synthesis and concentration in non-thyroid 
tissuc.s. Although Hertz, Hamilton and Solcy and 
their colleagues (1-5). respectively, found that pa- 
tients witli hyperthyroidism accumulated a larger 
proportion of the tracer dose in the thyroid than 
did normal subjects, Astwood and Stanley (12) 
foumi that the concentration gradients of the 
group with thyroto.vicosis was not significantly 
a’xive the normal range. Tiie failure of the latter 
iuvc-ligators to afiminister any carrier iodine 
accoimt tor some of the difference in results. 

S'-vm* inve-tigators (5.4) h.ave measured 
tl;- cro-retion o: ra'liceodine in the urine as an index 
?-> t!'.? tjr.antitv rclai.nC'! in. thyroid gl.and, a 


poor correlation has been found (13) between de- 
terminations of this type and direct measurements 
over the thyroid.' However, all of the other clin- 
ical tests of thyroid function are beset with diffi- 
culties. 

On the basis of data which we have presented, 
as well as those of others, determinations of the 
proportion of a tracer dose excreted in the urine 
are of diagnostic importance, but are not infallible. 
The measurements of the total radioiodine con- 
centration in the serum, or of the measurements 
of the protein-bound thyroxin and diiodotyrosine 
radioiodine components did not demonstrate as 
clear a differentiation of the various levels of 
thyroid function as was desired. Nevertheless, it 
is believed that these estimations and certain ones 
of the ratios, that have been discussed, may be of 
some significance. It seems likely that greater 
differentiations in the protein-bound radioiodine 
components could be demonstrated if longer in- 
tervals were permitted to elapse before collecting 
the specimens, or by following the rate of the 
changes. 

SUMMARY 

Studies were conducted using radioiodine for the 
evaluation of different degrees of thyroid function, 
as found in subjects with thyrotoxicosis, athyreo- 
sis, or euthyroidism. Following the administra- 
tion of 100 microcuries of radioiodine (H®’^) car- 
rier free, it was confirmed that thyrotoxic patients 
excreted less of the isotope in the urine than did 
the other groups. Although the concentration 
in the serum of total radioiodine tended to be less 
in the thyrotoxic group than in the others, within 
the first few hours, after 24 hours the total radio- 
iodinc and its protein-bound, thyroxin, and inor- 
ganic radioiodine components tended to be super- 
normal. In the group with athyreosis the total and 
inorganic radioiodine concentrations were super- 
normal. The ratio of diiodotyrosine radioiodine 
to thyroxin radioiodine, as well as a somewhat em- 
pirically calculated ratio of urine radioiodine and 
serum inorganic radioiodine, was distinctly less 
in the patients with thyrotoxicosis or athyreosis 
than in the normals. The product of the radio- 
iodine of the urine and of the inorganic form of 
the scriini was distinctly greater in the subjects 
with athyreosis than in normals and tended to be 
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greater in the {ormcr group than in the ones with 
thyrotoxicosis. 

There was no good correlation of the results 
with the various degrees of thyrotoxicity. 

Tests of the type reported, like all of the others 
of thyroid function, should be considered in con- 
junction with the clinical findings. 
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The adrenocorticotrophic hormone of the pitui- 
tary gland has been administered to patients with 
myasthenia gravis mainly on the basis of the 
following observations and inferences: (1) the 
immediate cause of the symptoms of myasthenia 
gravis is a decrease of acetylcholine synthesis 
(1-4) ; (2) administration of the adrenocortico- 
trophic hormone increases acetylcholine synthesis 
in vivo (5) ; (J) increase of the lymphatic tissue 
(round-cell infiltration of various organs, mainly 
striated muscle [6]) and “hyperfunctioning” thy- 
mus (7) have been found in patients with my- 
asthenia gravis. Tissue fractionation studies (8, 
9) have shown that one of the sources of the sub- 
stances that inhibit acetylcholine synthesis is the 
thymus. Administration of the adrenocortico- 
trophic hormone induces reduction in the mass of 
the thymus and the lymphatic tissue (10, 11) ; (4) 
removal of the pituitary gland in rats induces 
changes in the clectroinyogram (12) that closely 
resemble the abnormalities noted in patients with 
myasthenia gravis (13, 14); (5) the pituitary 
gland of sc\'cral patients who died of m 3 'asthenia 
gravis showed accumulation of an eosinophilic 
colloid material suggesting altered function of the 
gland (15-19). 

This report aims to illuminate the nature of my- 
astlicnia gravis by a further analysis of its phe- 
nomenology. Therapeutic implications are out- 
side its scope. 

MATIU’.IAL 

'the ifTfCt o: the adiTUt’.i'trntion o! adrenocorticotrophic 
liorinont of t'nc pituitary pland was studied in five pa- 
tients in '.h:r;\tv'!y to severely ill with niyasth.enia Rravis.- 
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Patient R. G., a 45 year old woman, had had myas- 
thenia gravis for ten years. She received a total of 180 
mg. of neostigmine bromide a day, distributed over the 
waking hours, taken in three hourly intervals, 25 mg. of 
ephedrine sulfate once a day, and 1 gram of potassium 
chloride three times a day. While on this medication, 
she was able to rise from her bed and to sit by it in an 
armchair. She was barely able to walk very short dis- 
tances when aided by an attendant. She had ptosis of 
the left eye-lid; her extraocular movements were limited 
in all directions. She also exhibited marked weakness 
and easy fatigability of the muscles of the palate, tongue, 
deglutition, chewing, face, and extremities. In addition, 
she had severe anorexia. 

Patient H. L., a 24 year old woman, had had myas- 
thenia gravis for four years. She received a total of 
300 mg. of neostigmine bromide a day, distributed over 
the waking hours, taken in three hourly intervals, 25 mg. 
of ephedrine sulfate three times a day, 1 gram of potas- 
sium chloride three times a day, and 0.13 gram of guani- 
dine hydrochloride three times a day. When on this 
medication, she was able to walk but showed severe 
general weakness, ptosis of the right eye-lid, and serious 
difficulty in swallowing. She had marked muscle weak- 
ness and easy fatigability of the muscles of the palate, 
tongue, deglutition, chewing, face, and extremities. There 
were periods when general weakness was much intensi- 
fied and walking became almost impossible. She had 
anorexia. 

Patient M. Y., a 31 year old woman, had had myas- 
thenia gravis for nine years. Removal of the thymus in 
1942 was followed by only a temporary remission. The 
patient received the total amount of 150 mg. of neo- 
stigmine bromide a day, distributed over the waking 
hours, taken in three hourly intervals. No other medica- 
tion was taken. When on this medication, she was able 
to walk and do light housework. She e.xhibited general 
muscle weakness and easy fatigability, ptosis of one eye- 
lid, marked weakness of the muscles of the tongue, 
deglutition, chewing, palate, face, and arms. When 
speaking she held up her chin with her hand. She had 
anorexia. 


gravid have I.cer: 


cjven 


adrenocorticotrophic hormone in the manner described 
above. The results support in general the inferences of 
this study. 
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Pnticnt A. S., a 37 year old woman, had had myas- 
thenia Kravis for 13 years. _ She received a total of 
112 ms. of neostigmine bromide a day, distributed over 
the waking hours, taken in three hourly intervals. No 
other medication was taken. Wlien on this medication 
she was able to walk and to do light housework. She 
exhibited marked general muscle weakness and easy 
fatigability. She had ptosis of the left eye-lid. She also 
exhibited weakness of the muscles of the palate, tongue, 
deglutition, face, arms, and 'mainly the legs. She had 
moderate anorexia. 

Patient J. R., a 29 year old woman, had had myas- 
thenia gravis for 17 years. She received a total of 
45 mg. of neostigmine bromide a day, distributed over 
the waking hours, taken in six hourly intervals, and 25 
mg. of ephedrine sulfate. When on this medication she 
was able to walk and to do light housework. She ex- 
hibited weakness of her leg muscles, moderate weakness 
of the muscles of the face, and ptosis of the left eye-lid. 

During the three years before this special study began 
the patients experienced minor transient fluctuations but 
no long lasting or significant changes in their clinical 
states. 

METHOD 

The five patients were permitted to take known 
amounts of neostigmine bromide, and, if already receiv- 
ing it, other medications. Throughout the study the 
patients were encouraged in any spontaneous attempts to 
reduce the amounts of the medications taken. The pa- 
tients were warned against expecting improvement of 
their symptoms as a result of the injections received. 

Upon admission to the hospital, electromyographic and 
myographic studies were performed once a day approxi- 
mately at the same time of the day. After a one week 
period of observation each patient received by intramus- 
cular injections 20 mg. of the adrenocorticotrophic hor- 
mone (Armour) every six hours for five days. Tests 
were performed during the administration of the hormone 
and afterwards until the writing of this report (approxi- 
mately three months). 

Controls. Ten healthy women aged from 27 to 44 
years served as controls. 

Electromyography 

Records of muscle action potential were taken from 
healthy women and from patients with myasthenia gravis 
by the following method (6, 7) ; The forearm was firmly 
fixed in the supine position onto a padded board by 
means of broad straps placed across the arm near the 
elbow and the wrist. Of the two silver recording elec- 
trodes (0.5 sq. cm.), one was fixed with adhesive tape 
to the skin over the ventral surface of the first phalanx 
of the fifth finger and the other over the surface of the 
hypothenar eminence at a distance of about 5 cm. from 
the first electrode. The electrodes were connected to the 
grid terminals of an amplifier feeding into an oscilloscope. 
The stimulating electrodes consisted of two silver plates, 
the larger being affixed to the skin over the triceps 


muscle and the smaller, a movable electrode 0.5 cm. in 
diameter, being pressed firmly against the skin over the 
ulnar nerve just above the elbow. Good contact was 
established by the use of electrode jelly over the skin, 
which was partially deprived of its superficial epidermis. 
Ten and 30 pulses per second, each of 100 microseconds’ 
duration and of "supramaximal” intensity, were admin- 
istered for two minutes. The sweep circuit of the oscillo- 
scope was synchronized with the stimulator so that 
successive stimuli and muscle action potentials were super- 
imposed on the screen of the cathode ray tube. The 
action potential was recorded photographically. 

Electromyograms were recorded for seven days before 
administration of the hormone, the five days during ad- 
ministration of the hormone, four days after completion 
of the series of administrations of the hormone, and at 
biweekly intervals thereafter. The records were taken 
at the same time of the day, three hours after the admin- 
istration of neostigmine bromide before and during ad- 
ministration of the hormone, and from six to 15 hours 
after administration of neostigmine bromide after com- 
pletion of the series of administrations of the hormone. 

Myography 

Muscle function was also tested by an ergograph. The 
ergograph consisted of a heavy spring attached to an 
isotonic lever writing on a kymograph. The spring was 
stretched 2.5 cm. once a second by the index and middle 
finger of the right hand exerting a tension of IS kg. 
until fatigue occurred. The patients with myasthenia 
gravis performed the test once a day for a week before 
the period of administration of the adrenocorticotrophic 
hormone, during the five days of administration, and for 
four days after completion of administration of the hor- 
mone. Thereafter, the test was performed biweekly. 
The myograms were recorded immediately after comple- 
tion of the electromyograms. 

Biochemical studies {Acetylcholine Sy7tthesis) 

Acetylcholine synthesis in the presence of serum was 
studied following the method described by Torda and 
Wolff (2) before the injection period of the hormone, 
the third day after completion of the injection period, 
and biweekly thereafter. The method consists of incu- 
bation of a tissue containing choline acetylase with blood 
serum and determination of the amount of acetylcholine 
formed during the period of incubation. 

RESULTS 

General observations 

During the five days of administration of the 
adrenocorticotrophic hormone the patients ex- 
perienced a gradually increasing disability lasting 
until the second day after the end of the series 
of injections. This disability consisted of malaise, 
headache or “heaviness of the head,’’ disturbance 
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in the menstrual cycle (bleeding), slightly in- 
creased fatigability, occasional diarrhea, abdomi- 
nal cramps, and complaints of hot feet and 
hands. 

On the second or third day after the last in- 
jection of the adrenocorticotrophic hormone the 
situation changed : the patients exhibited and de- 
scribed increasing well being and began to reduce 
the daily intake of neostigmine bromide and the 
other agents. Patient H. L. reduced the total of 
300 mg. of neostigmine bromide a day to 45 mg. 
and omitted the other medications ; patient M. Y. 
reduced the total daily intake of neostigmine bro- 
mide from 150 mg. to 15 mg.; patient A. S. re- 
duced the total daily intake of neostigmine bromide 
from 112 mg. to 22.5 mg.; patient R. G. re- 
duced the total daily intake of neostigmine bromide 
from 180 mg. to 90 mg. ; and patient J. R. reduced 
the total daily intake of neostigmine bromide from 
45 mg. to 15 mg. Also, more visible and measur- 
able changes occurred in the patients that might 
indicate the beginnings of a partial remission. 
Thus, there was a clearly evident improvement of 
the facial muscle strength, the general muscle 
weakness and easy fatigability diminished, and 
the ptosis of the eye-lids was less evident. Diffi- 
culty in swallowing diminished significantly and 
the patients were able to hold heavy objects in 
their hands for a period of time. The appetite for 
food increased. However, in all instances the re- 
mission was incomplete. The muscle groups most 
severely involved (i.c. extraocular muscles and 
leg muscles in patient R. G., muscles of the fore- 
arm and foot in patient H. L., some muscles in- 
volved in chewing in patient M. Y., leg muscles in 
patients A. S. and J. R.) showed only partial re- 
covery of function. This improved neuro-mus- 
cular function persisted from the completion of 
administration of the adrenocorticotrophic hor- 
mone to the writing of this report (approximately 
three months). 

Hlcctroiiiycaraf'Iiy 

Healthy subjects maintained the muscle action 
potential during indirect stimulation with ten 
pulses jier second for two minutes unaltered (13, 
l-D (I'igure Ti’.e action potential decreased 

on the average 12 j'cr cent during indirect stimii- 
l-uiviu v.iili ce"* pul'C' per second for two minutes. 
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Fig. 1. Effect of Adrenocorticotrophic Hormone 
ON Muscle Action Potential During Repetitive In- 
direct Stimulation with Ten Pulses Per Second 
(Percutaneous Stimulation of the Ulnar Nerve) 

A. Muscle action potential of a control subject: 

1. Taken during the first few pulses of a 30 second 
stimulation period ; 

2. Taken at the end of the 30 second stimulation 
period ; the action potential was maintained un- 
changed. 

B. Muscle action potential of patient H. L. : 

1. Taken during the first few pulses of a 30 second 
stimulation period before administration of the 
hormone ; 

2. Taken at the end of the 30 second stimulation 
period; the action potential decreased during the 
first few pulses of stimulation and was main- 
tained at the new level thereafter; 

3. Taken during the first few pulses of a 30 second 
stimulation period the third day after completion 
of the series of administrations of the hormone; 

4. Taken at the end of the 30 second stimulation 
period; the action potential was maintained un- 
altered. 

C. Muscle action potential of patient M. Y. : 

1. Taken during the first few pulses of a 30 second 
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stimulation period before administration of the 
hormone; 

2. Taken at the end of the 30 second stimulation 
period; the action potential decreased during the 
first few pulses of stimulation and was main- 
tained at the new level thereafter; 

3. Taken during the first few pulses of a 30 second 
stimulation period the third day after completion 
of the scries of administrations of the hormone; 

4. Taken at the end of the 30 second stimulation 
period; the action potential was maintained un- 
altered. 

D. Muscle action potential of patient A. S. : 

1. Taken during the first pulse of a 30 second 
stimulation period before administration of the 
hormone ; 

2. Taken at the end of the 30 second stimulation 
period; the action potential decreased during the 
first few pulses of stimulation and was main- 
tained at the new level thereafter; 

3. Taken during the first pulse of a 30 second stim- 
ulation period the third day after completion of 
the series of administrations of the hormone; 

4. Taken at the end of the 30 second stimulation 
period; the action potential was maintained un- 
altered. 

E. Muscle action potential of patient R. G. : 

1. Taken during the first few pulses of a 30 second 
stimulation period before administration of the 
hormone ; 

2. Taken at the end of the 30 second stimulation 
period; the action potential decreased during the 
first few pulses of stimulation and was maintained 
at the new level thereafter; 

3. Taken during the first few pulses of a 30 second 
stimulation period three months after completion 
of the series of administrations of the hormone; 

4. Taken at the end of the 30 second stimulation 
period; the action potential remained unaltered. 

F. Muscle action potential of patient J. R. : 

1. Taken during the first few pulses of a 30 second 
stimulation period before administration of the 
hormone ; 

2. Taken at the end of the 30 second stimulation 
period ; the action potential was maintained within 
normal limits. 

3. Taken during the first few pulses of a 30 second 
stimulation period the third day after completion 
of the series of administrations of the hormone; 

4. Taken at the end of the 30 second stimulation 
period; the action potential remained unaltered. 

Since the recording electrodes were not moved during 
the 30 second stimulation period the action potentials 
of columns 1 and 2 and columns 3 and 4 are comparable. 
Since the recording electrodes could not be placed in 
exactly the same position on successive days the action 


potentials in column 1 are not comparable with those in 
column 3. 

In all records the sweep circuit of the oscilloscope was 
synchronized with the stimulator so that successive stim- 
uli and muscle action potentials were superimposed on the 
screen of the cathode ray tube. 

In patients severely ill with myasthenia gravis 
the muscle action potential in affected muscles 
rapidly decreased during repetitive indirect stimu- 
lation (13, 14). Thus, before administration of 
the adrenocorticotrophic hormone, the action po- 
tential of patients H. L., M. Y., R. G., and A. S. 
decreased during the first few seconds of stimu- 
lation and was maintained at the new amplitude 
during continuation of the stimulation for two 
minutes. There was a considerable daily variation 
in the decrease in the amplitude of the muscle ac- 
tion potential. The decrease of the action potential 
was, however, in all instances over 35 per cent 
with 10 pulses per second and over 55 per cent 
with 30 pulses per second (Figure IB-IF). The 
muscle action potential in patient J. R. was similar 
to the action potential of healthy controls, as is 
always the case in patients moderately or mildly 
ill with myasthenia gravis (13). 

After completion of administration of the 
adrenocorticotrophic hormone and while on re- 
duced medication the patients maintained the ac- 
tion potential during repetitive indirect stimulation 
with 10 and 30 pulses per second in a manner ap- 
proximating that of healthy subjects (Figure 
IB-IF). At the time of writing this report, ap- 
proximately three months after completion of the 
administration of the hormone, the action potential 
was still maintained in a manner approximating 
that of healthy subjects. 

Myography 

The patients were trained for a few days in the 
use of the ergograph during the preliminary pe- 
riod of observation. The amount of work per- 
formed varied daily. The average number of con- 
tractions were, however, far below the averse 
number of contractions of control subjects, ex- 
cept with patient J. R. The average number of 
contractions before occurrence of fatigue was 31 in 
patient R. G., 44 in patient A. S., 47 in patient 
M. Y., 75 in patient H. L. and 110 in patient J. R. 
The average of the ten health}' controls was ISO. 
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During the period of administration of the 
adrenocorticotrophic hormone the number of con- 
tractions slightly and gradually increased. After 
completion of administration of the adrenocortico- 
trophic hormone the work performance continued 
to increase. The number of contractions in- 
creased from the first to the fifth day after com- 
pletion of the series of administrations of the 
hormone. The average number of contractions 
during the first four days after completion of ad- 
ministration of the hormone was 98 in patient R. G., 
120 in patient A. S., 165 in patient M. Y., 233 in 
patient H. L., and 160 in patient J. R. The in- 
crease in performance was maintained at the time 
of writing of the present report (approximately 
three months) (Table I). Although this test in- 

TABLE I 


Effect of adrenocorticotrophic hormone on work 
performance {ergograph) 


Treatment 

Time 

Number of contractions before 
occurrence of fatigue 

Patients witli myasthenia 
gravis 

Healthy 

women 

R.G. 

A.S. 

M. Y. 

H.L. 

J. R. 

Before aciminis- 


28 

49 

30 

58 

126 

130 

tration of tlic 


23 

40 

S3 

77 

100 

ISO 

hormone 


26 

35 

56 

74 

102 

170 



34 

34 

43 

83 

86 

184 



39 

32 

53 

79 

92 

120 



3S 

56 




110 



33 

54 




170 



31 

40 




130 




38 




173 








167 

UurinK admlnis- 

First day 

42 

58 

53 

99 

92 


tration of tlic 


50 

42 

46 


104 


liormnnc 









Second day 

53 

55 

60 

103 

lOS 




57 

45 

67 

101 

110 



Tliird day 

72 



109 

120 




76 



111 




I'onrtli day 

73 

63 

74 






70 

60 

SO 





Fifth day 

90 

61 

93 

120 

140 




100 

54 

50 

120 

ISO 


a'lf'iint?- 

First day 

S'? 

SO 

90 

200 

141 


tratl<'n of tlie 


.'0 

so 






Scccr.fl t!av 

60 

120 

165 

232 

150 




93 

12S 

170 





Tl'.ird day 

105 

140 

156 

245 

174 




100 

130 

ISO 





Feurtt: day 

i:t 

13S 

ICO 

255 

170 





130 

ISO 





Two 

103 

137 

1S5 

250 

ISO 




KM 







j vr-r-li 

110 


192 

210 




if, 

•: 


j 190 

1 





: ICr, 

! 
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! '''' 

2 ID 
j 

t 
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volves motivation, a sudden and dramatic in- 
crease in performance suggests an improvement 
of the function of the neuro-muscular system per 
se. 

Biochemical studies {^Acetylcholine synthesis) 

The synthesis of acetylcholine in the presence 
of body fluids (1-3) from patients with myasthenia 
gravis is decreased, suggesting that the body fluids 
contain in excess substances that inhibit the ac- 
tivity of choline acetylase. The more severe the 
myasthenia gravis the less well the blood serum 
supports the activity of choline acetylase. 

In the presence of blood serum from patients 
with myasthenia gravis before administration of 
the adrenocorticotrophic hormone the synthesis 
of acetylcholine decreased 25 to 55 per cent (Table 
II). In the presence of blood serum taken the 
third day following completion of the series of ad- 
ministrations of the hormone and biweekly there- 
after until writing of the present report (approxi- 
mately three months) the synthesis of acetylcho- 
line greatly increased and became similar to that 
occurring in the presence of serum from healthy 
subjects (Table II). The amount of acetylcholine 
synthesized in the presence of serum from the 
controls averaged 2.08 per cent per 100 

mg. tissue containing choline acetylase. 

GENERAL COMMENT 

Administration of the adrenocorticotrophic 
hormone of the pituitary gland to patients with 
myasthenia gravis was first begun in 1944 by 
Torda and Wolff (5, 20). A partial remission 
consisting essentially in the ability to perform 
more work while taking significantly reduced 
amounts of medication occurred in the two pa- 
tients with myasthenia gravis treated with the 
hormone. Because satisfactory objective proce- 
dures testing neuro-muscular function per se had 
not been elaborated in this laboratory at the time 
and since spontaneous remissions and improved 
motivation make evaluation of clinical changes 
difficult, inferences concerning the effect of the 
adrenocorticotrophic hormone in patients with 
myasthenia gravis were deferred. 

In 1948 Soffer and collaborators (21) using no 
objective testing procedures of the neuro-muscular 
function reported a remission of the symptoms of 
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myasthenia gravis in a moderately ill woman after 
administration of the adrenocorticotrophic hor- 
mone. 

Heilman (22) reported an augmentation of the 
symptoms of patients with myasthenia gravis as 
a result of administration of the adrenocortico- 
trophic hormone. However, this impairment 
seems to have occurred during the period of in- 
jection with the hormone, an effect also noticed in 
die patients of the present study. Decrease in 
symptoms in the fatter patients was evident only 
after the second day following the last injection 
of the hormone. 

Increased general disability during the period 
of administration of the adrenocorticotrophic hor- 
mone may result from the sudden changes in 
many phases of metabolism. Some of these are a 
decrease of the glutathione content of blood (23, 
24), a sudden increase of the secretion of many 
steroid hormones (23-28), an adverse effect on 
carbohydrate metabolism, and disturbances in the 



electrolyte balance within the body (26). All of 
these changes impede the synthesis of acetylcho- 
line (20, 29-31) and augment the symptoms of 
patients with myasthenia gravis (20) . A decrease 
of symptoms in patients with myasthenia gravis 
studied at the New York Hospital in 1945 fol- 
lowed an experimentally induced (20) increase 
of the “reduced-glutathione” content of the body. 
■ The remission observed after administration of 
the adrenocorticotrophic hormone began a few 
days after the completion of the injections. The 


remission, although incomplete, was sudden in 
onset, was significant and long lasting, encour- 
aging the inference that administration of the 
hormone and the occurrence of the remission were 
causally related. Remission must be, by the na- 
ture of the disorder, incomplete, since after pa- 
tients with myasthenia gravis have had muscle 
dysfunction for some years, as was the case in 
the patients of this study, irreversible structural 
changes in muscle probably occur. Even assum- 
ing that regeneration under suitable conditions 
may ultimately take place, such regeneration would 
not exhibit itself in a short time. 

If the view suggested by this laboratory be valid, 

i.c., that the immediate cause of the symptoms of 
patients with myasthenia gravis is a decrease in 
the synthesis of acetylcholine (1-4) then the ob- 
servation that administration of the adrenocortico- 
trophic hormone increases the synthesis of acetyl- 
choline (5) becomes extremely pertinent to an 
understanding of the apparent remission of symp- 
toms observed in patients with myasthenia gravis 
after administration of the adrenocorticotrophic 
hormone. 

SUMMARY 

1. The adrenocorticotrophic hormone of the 
pituitary gland has been administered to five pa- 
tients moderately to severely ill with myasthenia 
gravis. 

2. Before administration of the adrenocortico- 
trophic hormone the patients exhibited the known 
decline of the amplitude of muscle action potential 
during repetitive indirect stimulation. Also, the 
amount of work performance on an ergograph 
averaged only 30 per cent of that performed by 
healthy subjects selected from the same sex and 
from similar age group as were the patients. 
The amount of acetylcholine synthesized in the 
presence of blood serum of the patients was be- 
low normal. 

3. Four hundred mg. of the adrenocortico- 
trophic hormone were administered in 20 mg. 
amounts every six hours. During the period of 
administration the patients experienced an in- 
crease in disability. The second day after com- 
pletion of the series of injections the patients ex- 
perienced changes suggesting the beginnings of 
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an incomplete remission of the disorder. This 
consisted of marked improvement of muscle func- 
tion while on appreciably reduced neostigmine 
bromide. The much reduced ability of blood 
serum to support acetylcholine synthesis returned 
to normal. Furthermore, the electromyogram 
and myogram became similar to those of healthy 
subjects. This incomplete remission precipitated 
by the adrenocorticotrophic hormone persisted for 
an, as yet, undefined period. 
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Alterations in the composition of the serum 
proteins in hepatic disease have been studied by 
numerous workers using the electrophoretic 
method (1-11). The present investigation was 
undertaken to determine the changes in the serum 
proteins in portal cirrhosis by serial electropho- 
retic analyses during the coitrse of prolonged 
medical management. 

METHODS 

Electrophoretic runs were performed with standard 
apparatus and technique, the e.xperimental details having 
been given in an earlier report (11). The tests of he- 
patic function were performed by the usual methods as 
previously described (11), alkaline phosphatase being 
reiiorted in Bodansky units. 

CASE MATERIAL 

The ten cases of the i)resent study were all chronic 
alcoholics considered to have proven portal cirrhosis. 
The diagnosis was confirmed histologically by Vim- 
Silverman needle biopsy of the liver in seven of the ten 
cases, and in one patient (R. M. S.) also by autopsy. 
In one case (P. F.) the cirrhotic liver was visualized 
I>y [leritoneoscopy and subsequently during an umbilical 
herniorrhaphy, hut tissue for biopsy was not obtained. 
In two clinically typical cases tj. H. and C. R.), needle 
biopsy was attempted, yielding minute amounts of fibrous 
tissue Considered iusuHicieiit for histologic diagnosis. 

The ten cases were divided into two groups. 

Craiip 1. Five patients with hepatic insufliciency and 
ascites were studied with serial electrophoretic analyses 
of the serum jiroteins and various tests of hepatic func- 
tis'U dining the course of medical management for periods 
t.inging up to ten months. 

The initial electrophoretic analysis designated as “Day 
o' was carric'l “ut before or very early in the course of 
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ceived some form of therapy elsewhere prior to study, 
w’ith one exception none had follow'ed an adequate die- 
tary regime for any appreciable period. 

Group II. Five patients were studied after sustained 
clinical recovery under medical management. These in- 
dividuals had been severely ill with hepatic insufficiency; 
ascites requiring paracenteses had been present in four, 
and pronounced jaundice in one. With treatment they 
had clinically recovered and had remained asymptomatic 
for more than two }"ears. 

THERAPEUTIC REGIME 

The basic therapeutic regime consisted of a diet high 
in protein, carbohydrate and calories, containing 120 to 
150 grams of protein, 350 to 450 grams of carbohydrate, 
a total of 3000 to 3500 calories, supplemented by 4 to 6 
grams of choline chloride per day. The intake of sodium 
was restricted to 500 mg. per day in the patients in 
Group I as long as clinical evidence of ascites remained. 
The dietary regime was rigidly enforced during the hos- 
pital stay; after discharge patients were strongly urged 
to adhere to the diet, and were closely followed with 
numerous clinic visits. Not more than one paracentesis 
was done on any patient during the study; mercurial 
diuretics were used infrequently. 

Other measures such as infusions of plasma or human 
albumin w'ere employed as noted below'. Salt-poor con- 
centrated human albumin was given as a 25% solution 
by slow intravenous infusion. 

RESULTS 

Group I. The initial electrophoretic analyses 
{Day 0) disclosed marked diminutions of the al- 
bumin fractions and elevations of the gamma- 
globulin fractions : the Ijeta-globulins were some- 
what less elevated (c/. normal serum. Figure 6 
and Table \''I). 

J. K. — 51 year old male. Hematemesis and 
melena occurred after an alcoholic debauch of two 
weeks’ duration. On admission the patient had 
very severe jaundice, edema and ascites. Com- 
plete clinical recovery with subsidence of jaundice 
and di.'apj)earance of ascites occurred after three 
months of treatment. The patient remained free 
236 
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Day igO 
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D^ 207 


j };_ _ year old nalc. Chronic alcoholic. Hemateaesis and melena, exlrene jaundice, 
ascites nith paracentesis. Cor^lete clinical recovery Tfith disappearance of ascites 
on dietary rccino. 

Fig. 1. The Albumik Peaks Are Indicated by “A,” and the Globulins 
BY Their Respective Greek Letter Prefixes. The Unlabelled Peaks 
Are the Stationary Anomalous Boundaries Due to Gradients of Buffer 
Salt 


of Sj'inptoms during almost five months of subse- 
quent observation. 

Serial electrophoretic analyses (Figure 1 and 
Table I) revealed pronounced evolution of the 
serum protein pattern toward normal. The tests 
of hepatic function also changed in the direction 


of normal. Despite complete clinical recovery, 
however, the final electrophoretic pattern on 
Day 207 was appreciably abnormal. 

J. B. — 62 year old male. Ascites with peripheral 
edema and pronounced jaundice had been pres- 
ent for approximately five months. The patient 


table I 

Pcro^_CTrogsig__D^o_j^Mc^ mtagEHEHT 

Sora of J.K. 



Elootrophcretle Data 

1 How© B odium Bulfate 



per cent 
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Day 0 
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B 
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0.50 

0.5s 

2.05 
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15.0 

IB.I 

5+ 

g 

0 

0 

1 

4* 

17.8 

— 

Day 74 

4o.5 


6,6 

IB .5 

28.9 

a.TT 



1.26 

1.97 

0.68 

0.86 

5.16 

5.67 
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21,8 

2.87 

0.38 
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0.82 
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J.B. - 62 year old male. Chronic alcoholic. Pronounced jaundice and ascites. Partial 
clinical improvement vdth disappearance of ascites on dietary regime to which patient 
did not adhere satisfactorily. 

Fig. 2 


imiirovcd only partially, and after discharge from 
the hosintal did not adhere to the diet. The as- 
cites disappeared in one month, but the jaundice 
persisted during the subsequent five months of 
observation. 

The electrophoretic patterns (Figure 2 and 
Table II) revealed pronounced evolution toward 
normal (fully as marked as in J. K.). The last 
jiattern on Day 140, however, was apjireciably 
abnormal. 


M. S. — 56 year old female. Jaundice had been 
present for six months; the patient was admitted 
to the hospital three weeks after the onset of as- 
cites and edema of the ankles. On the dietary re- 
gime partial clinical recovery ensued during a 
period of five months, with subsidence of jaundice 
and ascites ; the improvement was maintained dur- 
ing five additional months of observation, al- 
though the patient had not fully regained her usual 
vigor and sense of well-being. 
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•■c.-u- old fcTjIc. Chronic alcoholic. Jaundice and ascites. Partial 
clinical recovery- v.lth disapoearance of ascites on dietary regime. 

Fig. 3 


The serial electrophoretic patterns (Figure 3 
and Table III) indicated a very gradual change in 
the direction of normal, but after the relatively 
asymptomatic period of five months, the pattern 
still remained markedly abnormal with a pro- 
nounced elevation of the gamma-globulin fraction 
{Day 304). 

R. M. S.— 43 year old male. Manifestations 


of cirrhosis had been present for more than two 
years with spider angiomata, episodes of jaundice, 
melena, edema and ascites necessitating paracen- 
tesis. Prior to admission, the patient had re- 
ceived elsewhere plasma, choline, and Vitamin K, 
as well as dietary treatment. The ascites disap- 
peared after medical management including 
plasma infusions (3000 cc. in nine days). Just 


TABLE III 

POE^EAL CCTRHOSIS TSIWER MEDICAL HAia OEKEro 

—— a ii ii i I I I jKaaag a i ■ «■ a.Mj 

Sera of M«S. 


II 
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RJI.S. - U3 year old male. Chronic alcoholic. Melena, episodes of Jaundice, ascites 
TTith paracentesis. Ascites disappeared after plasma inf\isions and dietary regime. 

Fig. 4 


prior to the intended date of discharge a massive 
hemorrhage from esophageal varices resulted 
fatally. 

The alterations in serum protein composition 
were less pronounced in the initial electrophoretic 


analj'sis of R. M. S. than in any of the other pa- 
tients in the group, presumably because of the 
previous therapy. After the administration of 
3000 cc. of plasma, the total proteins rose, with 
increases in both the relative and absolute amounts 
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P.F. (continued) - Inibsions of salt-poor concentrated human albumin during dietaiy 
regime. Complete clinical recovery with disappeafance of ascites. After discharge 
patient had partially strangulated umbilical hernia repaired on Day 212 -with unevent- 
ful recovery. ' 


Fig. 5b 


of albumin and gamma-globulin, and in the abso- 
lute amounts of alpha-2- and beta-globulins (Fig- 
ure 4 and Table IV). 

P. F. — 51 year old male. Ascites had been pres- 
ent for nine months and was increasing despite 
repeated paracenteses. On admission, the patient 


had anasarca and massive ascites, but unlike the 
other subjects in the group, the serum bilirubin 
was not elevated. 

From Day 0 through Day 86 the patient re- 
ceived a “regular” diet (C 293, P 70, F 62, Cal. 
2010) which was, nevertheless, more than he had 
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phoo 

BSP 

Day 0 

— . p - 

46.8 


B 

17.4 

20.0 

2.48 

0.36 

0.48 

0.93 

1.06 

0.88 

1.35 

3.05 

2.26 

5.31 

B 

2.8 

2+ 


m 

— 

Day llf 

48.0 


B 

15.9 

22.1 

3.32 

0.35 

0.62 

l.XO 

1.53 

0.92 

1.37 

4.00 

2.92 

6.92 

B 

2.3 

at 

13.2 

8.2 

70 


P = 3000 cc. of plasaa in 9 days 
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TABLE V 

POREAI, CIRREOerS ORDER MEDICMr. HAHAQEMBJn' 
S«ra of P.F. 



Elootrophorotlc data 

Hwa sodium sulfate 


per cent 

KPamfl per oont 


a/g 

grama per cent 

Alb 





Alb 



/3 


a/g 

Alb 

Glob 

Tot 

bll 

dir 

Irub 

tot 

oeph 

thym 

alJc 

pbos 

Day 0 

36.2 

ES 

m 

17.4 

31.8 

i.ss' 

0.37 

0!^ 

0.91 

1.66 

0.57 

0.94 

'2.53 

2!^ 

5^ 

01^ 



6.6 

on 

Day 20 

3a .7 


12.5 

15.3 

30.2 

1.76 

0.51 

0.66 

0.82 

1.63 

0.49 

0.77 

2.34 

3.04 

5.58 

B9 

B 

3+ 

... 

SB 

l>ay 55 

37.2 

8.5 

10.1 

15.8 

30.6 

2.09 

0.47 

0.57 

0.78 

1.72 

0«59 

0.88 

2.63 

3.00 

5.63 

BQ 

Q] 

2f 

4.8 


Day 50 

3*1.9 

8.2 

10.1 

15.5 

31.5 

2.03 

0.48 

0.59 

0.89 

1.83 

0.54 

1.16 

3.12 

2,70 

5.82 

ES 

QS 

El 

6.2 

m 

I»7 75 

38.4 



12.1 

31.8 

2.33 

0.49 

0.59 

0.74 

1.93 

0.62 

0.69 


4.18 

6.08 

D 

B 

1+ 

5.2 

... 

Day 105 

43.6 

m 

6.3 

14.9 

29.5 

3'.17 

0.42 

0.46 

1.09 

2.15 

0.77 

i.ce 

5.69 

3.60 

7.29 

ES 


— 

... 

SB 

Day 136 

42.0 


m 

10.2 

34.0 

2.54 

0.38 

0.45 

0.62 

2.06 

0.72 

1.27 

3.58 

2.67 

6.05 

ES 

B 

2+ 

5.2 

SB 

Day 165 

39.2 


ES 

12.5 

34.3 

2.77 

0.47 

0.52 

0.89 

2.42 

0.65 

0.89 

3.32 

5.75 

7.07 



3+ 



Day 172 

54.4 

BEI 

5.5 

10.1 

25.1 

4.00 


0.4o 

0.74 


1.19 

1.57 

4.48 

2.86 

7.34 

m 

m 

D 

4.8 

... 

Day 175 

49.7 

1^ 


10.9 

28.0 

3.72 

0.4o 

0.45 

0.82 

2.10 

0.99 

1.11 

3.94 

3.55 

7.49 

lES 

ES 

3+ 

4.8 

... 

Day 178 

60.3 

EB 

5.8 


21.7 

4.43 

0.35 

0.43 

0.55 

1.60 

1.52 

2.00 

4.91 

2.45 

7.36 

lES 



3.9 

— 

Day 182 

53.0 

m 

5.6 

QQ 

27.2 

3.76 

0.57 

0.4o 

0.64 

1.93 

1.13 

1.52 

4.28 

2.82 

7.10 

m 

B 

B 

5.8 

... 

Day 192 

45.6 

QQ 


QQ 

32.2 

3.66 

0.47 

0.55 

0.78 

2.59 

0.84 

1.02 

4.06 

3.97 

8.® 

1 ^ 

ES 

3b 

EE 

... 

Day aUl 

4o.8 



12.7 

33.9 

3.43 

0.49 

0.56 

l.cg 

2.85 

0.69 

1.05 

4.30 

4.10 

8.4o 

B9 

B 

3+ 

m 

... 


p = 8000 cc, of plasma in 12 days * starred values not simultaneous with other data 

b = 3600 cc. of whole blood in 10 days 
a = 300 grams of salt-poor concentrated homan albumin 


been eating before hospitalization. Partial clini- 
cal iiniiroveincnt occurred, with slight diminution 
of ascites. There was almost 1 gram per cent 
rise in the total proteins, but relative^ little change 
toward normal in the proportions of the fractions 
as determined hv five electroiihoretic analyses 
(h'igures 5a and 5h, and Table \’). E.xpcriments 
on electrolyte and water metabolism (to he re- 
jHirted .separately) were iierformed during this 
period with no signi/'icatit cfTect on the clectro- 
])horelic jiattern. 

In the 12-day period of /hiy through Day 
'W while on the "regular" diet, the patient re- 
ceived ec. of plasma. The electrophoretic 

pattern of /\;y revealed for the first time a 
consideral'U- change toward luirmal. 

I'rom Day l^'' on the jiatient was on the full 
ddcLiry regime ( f -hi7. 1' 155, F 12.5. Cal. 3475 
snpplcnien'o'd h\’ r grams choline chloride). In 
tliv i'-!!-(;.iv ’period of !\:y /Jo through Day 1S3 
!'•• reC' t-.e'i cc. ot wl'.ole hlo.i.h There was 

t: • iur:h,-T cirmge oi tlv electrop'ioretic jiattern 
,r.’. r, Turd !.'r, ;oi.l />.;y /og). hut on 

d ■ ■ ''grar), - cue retr. •gre":ou. 


The intravenous administration of 300 grams 
of salt-poor concentrated human albumin in six 
days {Day 166 through Day 171) was followed 
by a striking elevation of the serum albumin in the 
electrophoretic pattern of Day 1 72, while both the 
relative and absolute values of all globulin frac- 
tions were diminished, presumably due to dilu- 
tion. Three days later {Day 175), the electro- 
phoretic jiattern revealed some decline of the 
scrirm albumin and rise of the gamma-globulin 
and other globulin fractions. 

After a second course of 300 grams of salt-poor 
concentrated human albumin, administered in three 
days {Day 175 through Day 177), a striking ele- 
vation of the serum albumin and a diminution of 
.•ill the globulin fractions again occurred. Once 
more this was followed by some decline of the 
serum albumin and a rise of the gamma-globulin 
and other globulin fractions, this trend being 
clearly evident in the patterns of Days 1S2, 192, 
and 2 /;, respectively five, 15, and 64 days after the 
last infusion of albumin. The ascites disappeared 
and the patient was discharged on Day 192 com- 
pletely tree of clinical symptoms, and he resumed 
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his former occupiition. A partially strangulated 
umbilical hernia was repaired on Day 212 with 
uneventful recovery. In spite of this episode the 
final electrophoretic analysis of Day 241 indicated 
a higher absolute value for serum albumin than 
at any time prior to institution of the human al- 
bumin therajiy, and a higher total jirotein than at 
any time. Si.\ months after the last albumin in- 
fusion the patient remained well, having gained 
weight with no recurrence of edema or ascites. 

Group II. The five cases of portal cirrhosis 
with long-term clinical recovery under medical 
management are summarized briefly in Figure 6. 
The patients had been severely ill with hepatic 
insufficiency before treatment; tour had ascites 
recpiiring paracenteses and one had pronounced 
jaundice; all had hypoalbuminemia, the mean of 
the albumin values of the five patients being 2.58 
grams per cent by Howe sodium sulfate fraction- 
ation. As illustrated in Figure 6 and Table VI, 
the electrophoretic patterns after sustained re- 


covery appear very nearly normal with but mini- 
mal deviations from the normal range. 

DISCUSSION 

The five patients in Group I initially had marked 
diminutions of the albumin fractions and elevations 
of the gamma-globulin fractions, with somewhat 
less elevated beta-globulins. During the course of 
medical management the serum proteins under- 
went progressive evolution in the direction of 
normal, coinciding with clinical improvement./ 
The progress of the three patients in the group 
treated with diet alone indicates that this is not a 
perfectly strict relationship. J. B., who improved 
only partially (the ascites disappearing, but the 
jaundice persisting), had fully as pronounced a 
change of the electrophoretic pattern toward nor- 
mal as did J. K. with complete clinical recovery. 
Moreover, M. S., whose clinical improvement was 
more marked than J. B.’s, had less evolution to- 
ward a normal serum protein composition, the 


PO.mL CIRHEOSIS ygra IX)HG-TZa> CUHICAL RECOVSlg UIHIER IIEDICAL MIlAGBIEirr 



A o, i», ^ y t fi ot o h 


AacCTxllng , . Dgjcwllnc 


llOfWAL SERUM 



A o. p » y p o, «». A 


l9CCT>ding . Depcgriltvc 


G-O. - 51 year old fenale. 
Chronic alcoholic. 

Jaundice, ascites nth re- 
peated paracenteses. Severe- 
ly ill, in cona for Ij days. 
After treatnent asynptonatic 
for Zj years. 



J .H . - 56 year old nale . 
Chronic alcoholic. 

Jaundice, ascites with para- 
centeses. After treat-aent 
asynptouatic for 2 years. 



^ o, A 


^ IseggAlnc ^ ^ ^ 

C.R. ~ US year old nale. 
Chronic alcoholic. 

Jaundice, ascites Tdth para- 
centeses. After treateent 
asynptonatic for 5 years. 



Atz, p » »Pb,p.A 


Ajcfurtim . , I>pc«linc 


R.S. - li5 year old nale. 
Chronic alcoholic. 

Ascites with paracentesis. 
After treatnent asynptonatic 
for Zj years. 



A a, 0 , p y V p 9. », A 


AaeoUftt ^ Oii»egrliRC 

A.E. - 53 year old nale. 
Chronic alcoholic, 
•Jaundice, no ascites. After 
treatnent asynptonatic for 
years , 


Fig. 6 
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TABLE VI 

PORTAL CIRRHOSIS VITH LOtP-TERM CUHICAL RECOVERY URDER MEDICAL MAmGBMEHT 



Electrophoretic data 

Hove sodium sulfate 



per cent 

Rraaa per cent 


a/g 

grams per cent 


ceph 

thjm 

. 

allc 

phoB 

BSP 

Alb 




y 

Alb 

a. 


/<3 

r 

a/g 

Alb 

1 

Tot 

mi 

dir 

,£Uk 

tot 

■ J.H. 

56. u 

E 

9.6 

15.8 

i 4.7 

3.87 

0.24 

0.66 

1.08 

1.01 

1.29 

1.45 

4.06 

2,80 

6.86 

0.5 

0.7 

2f 

5.3 

B 

6 

R.S. 

a 

E 

8.U 

14.5 

l4.8 

3.90 

0.29 

0.56 

0.98 

1.00 

1.38 

1.85 

4.57 

2.36 

6.73 


B 


9.8 

2.8 

13 

G.O. 

55.9 

B 

8.U 

i 4.9 

15.4 

4.05 

0.39 

0.61 

1.08 

1.11 

1.27 

1.76 

4.62 

2.62 

7.24 

HQ 


1+ 

6.3 

B 

34 

C.R. 

55.2 

B 

10.2 

16.2 

13.0 

3.84 

0.58 

0.71 

1.J2 

0.90 

1.23 

1.74 

4.41 

2.54 

6.95 


1 

neg. 

m 

i 

— 

A.E. 

62.6 

B 

8.2 

16.8 

8.4 

4.13 

0.26 

0.54 

1.11 

0.55 

1.68 

2.62 

4.77 

1.82 

6.59 

i 

0.2 

neg. 

1.3 

2.6 

3 

AVKRAGE 

57.6 

4.5 

9.0 

^ , 

15.6 

13.3 

3.96 

0.31 

0.62 

1.07 

0.91 

1.37 

1.88 

4.44 

2.43 

6.87 

* starred values 
not frimil+jiTifiMiR 
■nlth other data 

StonJerd 

Dovlatlon 

0.8 

0.8 

0.8 

1.1 

2.6 

1.10 

0.06 

0.06 

0.05 

0.19 

0.16 

0.39 

0.24 

0.34 

0.22 


HCSHAL SERA 

(10 Tolxuitoor oubjsotfl vlth nonnal llTor fuxwtlon toortn) 


AVERAGE 

60.3 


B 

12.8 

13.2 j 4.23 

0.28 

0.68 

0.89 

0.93 

1.52 

2.31 

4.89 

2,12 

Bl 

Standard 

Deviation 

2.8 

0.8 

B 

B 

B 

0.29 

0.06 

0.10 

0.08 

0.13 

0.18 

0.34 

0.30 

0.24 



gamma-j^lohuliii fraction remaining markedly 
elevated. 

The two cases in Group I considered to have 
achieved complete clinical recovery. J. K. and 
1’. 1'., continued to have ajipreciable abnormalities 
in the serum protein composition. That the scrum 
protein com()osition may eventually become nor- 
mal or nearly so in cases with long-term clinical 
reciiverv under medical management is indicated 
by the live patients in Group II (Figure ft). At 
the time of admission with hcjiatic insufficiency 
tlie-e patients all had marked alterations of the 
^erum I'roteins by the Howe fractiotiatioti. which 
i' Ic-- .'rn^itive than tlie electrophoretic technitjue. 

'Fite evalnatinn nf changes in the serum pro- 
teiijs in cleiiKilou-; jiatients is hazardous unle.ss 
s a omst is ta.ken 'm' the pos-ilality of shifts in boflv 
til!; !-, 'r!in< an inerea>e in jirutcin concentration 
n.'. A ri il. .-: eide r an increa-" in the circulating 
>•: a. >!t ere. in tlie \-ii!'.nne I'f the plasma. 


to be reported separately in connection with stud- 
ies of electrolyte metabolism. The findings did 
not indicate that changes of plasma volume would 
account for the progressive rise of total proteins 
on dietary therapy or infusions. 

In J. K., J. B., and M. S., the three cases 
treated Iw diet without infusions, the electropho- 
retic data alone exclude the possibility that the 
rise in albumin and total proteins could be solely 
due to hemoconcentration. These three cases ex- 
hibited rise of albumin and decline of gamma- 
globulin, a circumstance not explicable in terms 
of any possible fluid shift, and indicating changes 
in protein metabolism. 

In the infusion experiments it appears probable 
that transitory changes in plasma volume did 
play a role. The infu.sion of plasma was followed 
by increases in the all)iimin and the beta- and 
gamma-globulin fractions as well as the total pro- 
teins. The inuiicdiatc effects of intravenous ad- 
ministration of salt-poor concentrated human al- 
bumin on the scrum protein composition were 
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identical with those observed by Thorn, Arm- 
strong, and Davenport (6), i.c., marked elevation 
of the allnnnin and depression of the globulin 
fractions; presumably due to dilution. The 
changes beginning shortly tiiere.aftcr consist of 
some decline of the albumin and rise of the 
gamma-globulin and other globulin fractions. 
These ensuing alterations have ajiparently not been 
described by previous investigators of human al- 
bumin infusion therajiy. The phenomenon was 
observed in the two administrations of human al- 
bumin to P. F. and also in a patient with cirrhosis 
of uncertain etiology not included in the present 
study. The significance of these observations 
remains to be determined. It is possible that as 
the administered albumin left the circulation the 
plasma volume decreased with resultant concen- 
tration of the globulin components. 

Comparison of the alterations of the serum pro- 
teins with the various tests of hepatic function 
performed simultaneously fails to reveal any 
clearly evident direct correlation. 

SUMMARY 

1. The effects of medical management on the 
serum proteins in ten proven cases of portal cir- 
rhosis have been investigated by the electropho- 
retic method. 

2. Serial electrophoretic analyses of the sera 
of patients with ascites revealed progressive 
change in the direction of normal, coinciding with 
clinical improvement during the administration of 
a high protein, high carbohydrate, high caloric 
diet for periods ranging up to ten months. 

3. Infusions of plasma or salt-poor concen- 
trated human albumin were 'followed by pro- 
nounced and immediate elevations of the serum 
albumin values. 

4. Shortl}" after the administration of human 
albumin, some decline of the elevated albumin 
value was observed, with rise of the gamma-glob- 
ulin and other globulin fractions. 

5. In five patients who had clinicalh^ recovered 
from severe portal cirrhosis and had been asymp- 


tomatic for more than two years the electropho- 
retic patterns were very close to normal. 

6. The alterations in the serum protein pattern 
in portal cirrhosis are not irreversible; with pro- 
longed medical management and clinical recovery, 
the proteins may revert practically to normal. 

The authors wish to express their gratitude to Doctor 
E. S. Guzman Barron for making available the electro- 
phoretic apparatus used in this study. 
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PRODUCTION A^D AVAILABILITY OF RADIOISOTOPES 
By PAUL C. AEBERSOLD 

(From the Isotopes Divisinu, U. S. Atomic Energy Commission, Oak Ridge, Tenn.) 


Radioisotopes as tracer atoms and as uniquely 
apj^licable sources of radiation have become im- 
portant working tools of clinical investigation. 
Indeed, they have already been established as 
permanent tools, indispensable to many investiga- 
tions. They provide a new and dynamic power 
of perception — an ultra-sensitive way of follow- 
ing certain atoms. Their application has led to the 
development of new and unique techniques for 
studying the metabolism of a wide variety of ele- 
ments and biochemical compounds, diagnosing 
and treating disease and studying the behavior 
and role of pharmaceuticals and other medicinal 
agents. However, the greatest value of Isotopes 
is expected to be derived from their contribution 
to the .over-all advance of medical knowledge. 

PRODUCTION 

The uranium chain-reacting pile has two unique 
characteristics, the production of a fission chain 
reaction and the production of vast quantities of 
neutrons. Both of these features make the reactor 
a useful and extremely productive unit for making 
radioisotopes ; the first for yielding the so-called 
“fission products,” and the second for producing 
artificially induced radioactivity. It is the second 
feature, however, which permits the production of 
the greater variety of radioelements and the pro- 
duction of isotopes of elements generally found in 
biological material. 

Even before the last war and before the advent 
of atomic energy reactors, radioisotopes were, of 
course, producible with high energy “atom smash- 
ing” devices, such as the cyclotron. Indeed, in- 
vestigators using cyclotron-produced isotopes had 
found in them the most sensitive tool ever placed 
at their disposal. They also found the radioisotope 
to be a tool which will permit tracing a specific 
batch of atoms through a complicated physical, 
chemical or biological system even though the 
radioactive atoms may become mi.xed with many 
other stable atoms of the same element. 

There was one drawback, however, to their 
widespread utilization at that time. Cj'clotron 
production of radioisotopes was and still is both 


limited and costly.- Thus at the start of the war, 
science had in radioisotopes a research tool guar- 
anteeing high sensitivity and high specificity — 
a tool in great demand but in small availability. 

During the wartime development of the atomic 
energy project it became evident to scientists who 
worked with the chain-reacting uranium pile that 
it would be an excellent unit for producing huge 
quantities of radioactivity or radioisotopes — for 
making these valuable tools available on a very 
wide scale. Out of this realization grew the pro- 
gram for the distribution of pile-produced radio- 
isotopes which was initiated by the Manhattan 
Project and further developed by the Atomic 
Energy Commission. 

As indicated earlier, radioactive isotopes are 
created in chain-reacting piles by two processes 
(7) fission of uranium 235 or other fissionable 
nuclei and (2) neutron absorption by non-fission- 
able nuclei placed in the pile for the purpose. 

Fission Process 

The fission process results generally in two 
radioactive fragments, one to three neutrons and 
several gamma rays as indicated in Figure 1. 
The total mass of the fragments plus the mass of 
the one to three neutrons which are emitted dur- 
ing the fission event is equal to the mass of the 
U 235 nucleus (except for the loss of about one- 
tenth of 1 per cent of the mass which is converted 
into energy and which causes the tremendous re- 
lease of energy during fission). The fission frag- 
ments are very unstable nuclear species ranging 
from element number 30, zinc, to element number 
64, gadolinium. Each of these species approaches 
a stable nuclear state b}' a series or chain of beta 
ray emissions. The intermediate decay products 
formed during the beta chain decai' are the fission 
products. 

These fission products, because they differ 
chemically from the original uranium and other 
possible transuranic contaminants, may be isolated 
in groups or as isotopes of a single element. The 
only radioisotope of biological significance jiro- 
duced in this way, however, is radioiodine, I'"'. 
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URANIUM FISSION AND BETA CHAIN DECAY 



"RADIOIODINE 131“ 

A PRODUCT OF THI5 CHAIN" 



OMASS 131 FISSION CHAIN 





half lift -30 HOURS HALf-LlfE-2S MINUTES HALF lift -8 DAYS 



STABLE 


Fig. 1. Uranium Fission Chain Reaction 


When Uriuiiuni 235 fissions it splits into two fragments which may range in weight from 65 to 157 or from ele- 
ment number 30, zinc, to element number 64, gadolinium. On the basis of probabilitj', however, a greater percent- 
age of the fragments range from element number 38 to 45, and from number 54 to 61. Each of the radioactive 
fragments approaches a stable nuclear state by a series or chain of beta raj' emissions. The intermediates formed 
during this decay arc the source of the fission products, such as radioiodinc 131. Although the above illustration 
shows onlj' one of manj' waj’s in which a U 235 atom maj' fission, it was chosen as a single example in which 
a conservation of mass and number of nuclear particles can be shown. It is also an excellent example of how 
a biologically useful radioisotope, iodine 131, may be produced through uranium fission. 


'rile imKluctioii of radioiodinc as a fi.ssion product 
i-s sliown in Figure 1. 

.VpifEico! Acth'dtion 

Tlic pile production procc.-'S which yields radio- 
iNotiipr- of a nmch wid.cr variety of elements, in 
fact, rai;ioi'<itopes ot most o; the eleinent.s from 
h\drog('n to plutonium, is neutron a.hsorption. 
riener.dlv, h* iw f\'cr. the neutron alisorption proce.ss 
is stilt.!'’, i !ed into tuo ca.tegories : ( / ) simple neu- 
ir.ii; c.u'turr in ’.•■ !:ich only a gamma ray photon 
is ( initt’- ! an ! th" is la-nce an isotope of 

'!■. - tarci-t >■!■•!:•.' n: an. ! < J i tnuismutation in wliich 


a proton or alpha particle is emitted and the prod- 
uct is hence an isotope of a dififerent element than 
the target. 

The neutron absorption process of making radio- 
isotopes in the pile is extremely prolific because of 
the pile’s capacity to produce tremendous quanti- 
ties of neutrons. Indeed, neutrons can be pro- 
duced greatly in excess of those needed to sustain 
the chain reaction, and those excess neutrons are 
available for other uses, such as the bombardment 
of stable materials to form radioactive materials. 
In the pile at the Oak Ridge Xational Laboratory 
wiiere most of the radioisotopes distributed by 
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llie Atomic Energy Commission are prepared, the 
“flux” or density of the “atmosphere” of neutrons 
inside the pile is approximately 10'- (a million 
million) neutrons flowing through a square centi- 
meter each second. This value seems even more 
impressive when one considers that this density 
exists in a volume occupied hy many tons of 
graphite and uranium. 

For the details of production of radioisotopes 
by neutron absorption, attention is called to Figure 
2. As indicated in the illustration, ordinary ele- 
ments like carbon and phosphorus may he changed 

PILE PRODUCTION OF RADIOISOTOPES 


HEimON CAPTURE 




NOfMAL ICWACTMTYPIR STABlt 

PHOSPHORUS GRAM a fHOSFHORUS 


TRANSMUTATION 

(n p) reaction 



normal high activity per stable 

NITROGEN GRAM OF CARBON 



Fig. 2. Pile Production of Radioisotopes 


Tliere are two ways of producing radioisotopes by 
neutron absorption in a nuclear reactor. The first, neu- 
tron capture, is effected by the capture of a neutron and 
the emission of a gamma ray photon jdelding a radio- 
isotope of the same element as the target material. The 
second, transmutation, is effected by the capture of a neu- 
tron and the emission of a proton or alpha particle yield- 
ing a radioisotope non-isotopic with the target element. 
Radiophosphorus 32 and radiocarbon 14 may be pro- 
duced by either or both of these reactions. 


into their radioactive counterparts by the absorp-. 
tion of a neutron and the emission of a photon of 
gamma radiation. This reaction, usually referred 
to as an (n, gamma) reaction, is by far the most 
prevEilent production reaction used in radioisotope 
preparation. It is not, however, the most practical 
in all cases. For instance, in the production of 
radioactive carbon 14 by the (n, gamma) reaction, 
a neutron must be absorbed by the stable isotope, 
carbon 13. Although carbon 13 is found in all 
naturally occurring carbon, it has a normal abun- 
dance of only 1.1 per cent. To obtain an efficient 
yield of carbon 14 by this method would therefore 
necessitate bombarding a carbon target whose 
carbon 13 content had been concentrated many 
times above this abundance. This procedure 
would, however, prove time-consuming and ex- 
pensive. Furthermore, it is even less feasible in 
light of the fact that the carbon 13 isotope has an 
extremely low probability for capture of “slow” 
or thermal energy neutrons (low neutron capture 
cross section). With radioactive phosphorus 32, 
however, the situation is quite different, in fact 
the (n, gamma) reaction is very practical for its 
production. Because naturally occurring phos- 
phorus has only one stable isotope (phosphorus 
31) and because this isotope has a high probability 
for capturing thermal energy neutrons, a good yield 
of radioactive phosphorus results froin the (n, 
gamma) reaction. 

The radioisotope formed by an (n, gamma) re- 
action is merely the radioactive counterpart of 
the stable element used as the target material. 
The radioisotope in this case, therefore, will al- 
war's be diluted wdth the stable atoms of the 
target element which haA'e not been made radio- 
active during the pile irradiation. Because both 
the radioactive and stable atoms are of the same 
element, no chemical separation can he effected. 
The resultant activity per gram of element is 
called the “specific activity.” It is dependent 
on the chance for capture of a neutron (capture 
cross section) hy the target nucleus, the neutron 
“flux” of the production pile and the duration 
of the irradiation. The specific activity of a 
radioisotope maj’ be extremely important for its 
use as a tracer because it determines to what ex- 
tent the radioisotope may be diluted and still af- 
ford reliable detection and measurement. 
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On the other hand, a radioisotope produced by 
a transmutation reaction is an isotope of a different 
element than the target element (non-isotopic 
with the target element). It may, therefore, be 
chemically separated from the residual stable 
atoms in the target after pile irradiation. A radio- 
isotope produced in this way and then chemically 
separated from the irradiated material, i.e., from 
the stable isotopes of the same element, is called 
“carrier free.” In practice some “carrier” or stable 
clement is usually added to facilitate radiochemical 
handling. Nevertheless, radioisotopes produced 
by transmutation have a much higher specific ac- 
tivity than those produced by an (n, gamma) re- 
action. For this reason, transmutation is a par- 
ticularly useful production reaction. The chemi- 
cally extracted transmuted radioisotope will be 
diluted only by stable element present as impurity 
in the compound irradiated, or by stable element 
added as carrier to help e.xtract the radioisotope. 
It can thus undergo great dilution in a tracer ex- 
periment before becoming undetectable. 

As also indicated in Figure 2, radiocarbon 14 
and radiophosphorus 32 may be produced by a 
transmutation reaction. In both cases a neutron 
is absorbed and a proton is emitted during the re- 
action. In the case of carbon 14 production, the 
target material is a nitrogen compound (calcium 
nitrate) while for phosphorus 32 the target ma- 
terial is elemental sulfur. Both of these target 
nuclei have a high natiiral abundance in the ele- 
ment and both target materials are readily avail- 
able and may be obtained quite jnire chemically. 

There is still another type of transmutation 
reaction used in the pile production of radioiso- 
tojH-s — the reaction in which a neutron is absorbed 
and an al])ha particle is emitted. This reaction, 
however, is fea.''ible for the ])ro<luclion of only two 
i.soto]H‘s. radiohvdrugen { H 3 or tritium) from 
lithium () at\d railioargon ( .\ 37) from calcium 40. 

The mechanical t)perations associated with pile 
production of radioisotopes is ([uite simple. Ref- 
en-iice i- made to h'ignre 3 showing a schematic 
diagram of the pile at the thik Ridge National 
1 ..ao. ira.'orv which is used to make most of the 
radioi-i it. ip* v now Iwing (ii>trilnited hy the Com- 
!t'.’,-'ion. In the cci-e of the iN-ion products, the 
r.'a'.i' d'"‘i are ch.emic.a!!}' extra.cted from the 
; .to. e itran.’.u’u which, have previoudy been 


discharged into a channel of water at the rear 
of the pile. 

If the radioisotope has resulted from an (n, 
gamma) reaction, it is usually shipped as an ir- 
radiated unit. This means that the material in the 
aluminum test tube, consisting of stable atoms of 
the target material together with their counterparts 
which have been made radioactive, is merely re- 
moved and packaged prior to shipping. If, on 
the other hand, the radioisotope has been produced 
by a transmutation reaction, it may be chemically 
separated from the target material prior to packag- 
ing and shipping. 

Production Status 

When the radioisotope distribution program was 
initiated, production scheduling was based pri- 
marily on the expected demand of medical investi- 
gators. To a great extent the same basis is used 
in scheduling current production. At least two 
reasons account for this situation. In the first 
place a majority of potential radioisotope users 
were and still are associated with some phase 
of medical or biological research. In the two and 
a half year period since the inauguration of the 
distribution program, nearly 75 per cent of the 
radioisotope shipments have been used for studies 
in medical therapy, animal physiology or bacteri- 
ology. 

The second reason for special effort in prepar- 
ing the radioisotopes needed by medical research 
is associated with the characteristics of the iso- 
topes generally used in these investigations. Many 
of the biologically useful radioisotopes are short 
lived materials, that is, over a comparitively short 
period of time most of the radioactivity of the iso- 
tope will have disappeared through spontaneous 
disintegration. Indeed, if the radioisotope is to 
be used in human studies, it is desirable that it 
have a short life of radioactivity in order to pre- 
vent extended radiation exptjsure of the patient. 
It is difficult, however, to sujiply materials of short 
half-life because they cannot be stockpiled for an 
a])}wccial)le length of time. They must be ])roduced 
currently to meet current and fluctuating demands. 
Of the total number ot radioisotope shipments 
made thus far over 65 jier cent have been shi])- 
ments of ]>hf}sj)horus 32 or iodine 131, having 
respective half-lives of 14.3 days and H.O davs. 
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Fio. 3. XuCLEAR Reactor— Uranium Pile 

The functional parts of the nuclear reactor are the fissionable material (uranium), the moderator material 
(graphite) and the control rods (boron steel). The uranium slugs are inserted into the pile from the right face 
(where the elevator is located). They are discharged at the opposite side of the pile into a channel located be- 
tween the graphite and concrete. The slogs drop into water and are later chemically treated for removal of the 
fission products. The radioisotopes formed by the neutron bombardment of stable isotopes are irradiated in 
graphite holders or stringers as indicated on the left. The control rods are lowered into the pile to retard or stop 
the chain reaction. The thick concrete wall surrounding the reactive portion of the pile serr^es as protection for 
operating personnel. 


Most of these shipments have been for medical 
and clinical investigations. 

Today, pile production of radioisotopes has been 
stepped up to a point where these valuable research 
tools are available to all qualified investigators. 
In fact, the situation existent before the advent of 
pile production, when there was not an adequate 
supply of radioisotopes to meet the deiuands of 
qualified investigators, has been reversed. The 
present limitation to wider use of radiomaterials 
is the lack of personnel having the special training 
and facilities to use them safely. And yet. the 
number of qualified investigators has been multi- 
plied several times above the prewar level. 


AVAILABILITY 

Radioisotopes are potentially hazardous to 
health and for this reason special facilities and tech- 
niques are required in handling and using them. 
The Atomic Energy Commission’s primary con- 
cern in making radioisotopes available is that they 
will be used safely. To insure this provision, the 
Commission has set up certain criteria for the 
allocation of radioactive isotopes. The Com- 
mission has also procured the services of an Ad- 
visory Committee on Isotope Distribution to as- 
sist in the allocation of these valuable and yet po- 
tentially hazardous materials. 
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The Subcommittee on Human Applications, a 
subcommittee of the main Advisory Committee, 
reviews all radioisotope requests proposing use 
of radiomaterials in humans. This subcommittee 
has outlined the following general aims govern- 
ing the distribution of radioactive materials for 
medical purposes: (1) to make radioisotopes 
available for approved clinical investigations and 
for diagnostic and therapeutic purposes where 
they are needed and can be handled properly and 
safely; (2) to protect, as far as possible, patients 
from indiscriminate use of radioisotopes; and (J?) 
to insure that adequate facilities are available 
for those planning to use the material. 

In carrying out these veiy worthwhile aims the 
Commission is faced with two opposing purposes : 
first, to make these materials widely available and 
of maximum usefulness to medical research and 
second, to limit distribution sufficiently to guar- 
antee their safe utilization. To achieve the de- 
sired balance between these two somewhat con- 
tradictory purposes, the Subcommittee on Human 
Applications has formulated criteria for allocation. 

Criteria of Allocation 

These criteria have proved satisfactory for the 
administration of the distribution program. Their 
merit is clearly evident from enumeration of the 
requirements; (7) physicians using radioactive 
material must he associated with a medical research 
institution, hospital, clinic or other organization 
having adequate facilities for handling the ma- 
terial : (2) such facilities must provide clinical care 
of the patient and adequate means for assaying, 
safely handling and disjiosing of the radioactive 
material; (.>) the organization requesting the ra- 
dioisotopes must be in good standing with the local 
medical society; (7) it is also strongly recom- 
mended that the requesting institution appoint a 
clinical “Isotoj)e Committee'' to evaluate all pro- 
posals for clinical use of the material within the 
institution; ( ) the scientifically trained indi- 
vidual who will usu or tlirectly siqjervise the use 
of radioactive uKileria.l must lie an accredited physi- 
cian in gi'od sv.xni'iing with the local metlical so- 
ciei\ ; ((>) also, the ph\ sieian must have had pre- 
•. ioi!' clinical esperience with radiation or radio- 
;i.cti\c nnteriah' or I'C directly collaiiorating with 
.■a: indiv iilnal p. such training and c.x- 


In connection with the above recommendation 
the Subcommittee on Human Applications has 
recently adopted the policy of not approving a ra- 
dioisotope request unless it bears a written state- 
ment of approval from the local clinical isotope 
committee. It is suggested that this local commit- 
tee includes: (cr) a physician trained in internal 
medicine; (b) a physician trained in hematology; 
(c) a person experienced in assay of radiomaterials 
and protection of personnel against ionizing radia- 
tions; and, whenever possible, (d) a qualified 
physicist, and (e) a therapeutic radiologist. If a 
physicist and radiologist are not staff members of 
the requesting institution, they should be available 
in a consulting capacity. 

Information indicating that the requesting in- 
stitution meets these qualifications together with 
more detailed information concerning the proposed 
use of the material and proposed health safety 
measures is forwarded by the applicant in his 
formal request. Following review and approval 
of the request by the Subcommittee on Human 
Applications, the applicant is authorized to pro- 
cure the material. Subsequent arrangements con- 
cerning purchasing the material and scheduling 
of shipment are made between the applicant and 
the supplier. 

If the radioactive material is not intended for use 
in humans, the request is not reviewed by the 
Subcommittee on Human Applications. For ani- 
mal studies, as well as for all other types of radio- 
isotope investigations, prior reference of all requests 
to a local isotope committee is strongly rec- 
ommended. In institutions where clinical and non- 
clinical investigations are carried on by different 
groups, a separate isotope committee may be es- 
tablished for the control and coordination of the 
use of isotopes in the non-clinical studies. Review 
by a local committee assures the Commission that 
the proposed program is considered to be both feas- 
ible and safe from the standpoint of the institution. 

liasic and Sl’ceial Products 

When the .-\lomic Energy Commission inau- 
gurated its distribution ])rogram, it focussed its 
attention primarily on producing a wide variety 
of i.'Otopes rather than on j)roducing a wide va- 
riety of compounds of a small number of isotopes. 
Indeed, early production was aimed at making 
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the largest iiumlier of isotopes available in the 
simplest and most generally adaptalde forms. By 
thus placing emphasis on producing simple basic 
forms for each isotope it has been possible to make 
these “basic products” available cheaply and on a 
large scale. 

In many instances, the radioisotope users can 
conveniently use the materials in the simple basic 
forms as shipped. Radioiodine (I 131) and radio- 
phosphorus (P 32), for instance, are often clin- 
ically administered as solutions of sodium iodine 
and disodium hydrogen phosphate which are the 
chemical forms in which the materials are shipped 
from the production site. In other cases, however, 
users may require a modified form or even a spe- 
cially synthesized compound containing the iso- 
tope. 

These speciall}' synthesized compounds contain- 
ing radioisotopes, "labeled” compounds, are ex- 
tremel}' important to clinical and medical investi- 
gations because they permit tracer studies to be 
made of the molecules and parts of molecules which 
enter into biochemical and physiological processes. 
The element carbon, for instance, is one of the 
body's major constituents, although, of course, not 
in its elemental form. Indeed, it is always found 
in some complex molecule such as an amino acid 
or sugar. Therefore, in using radioactive carbon 
14 to study a certain body compound it is neces- 
sary first to incorporate the radioisotope in the 
specific compound to be studied. These labeled 
or tagged compounds can be classed as "special 
products.” They may vary from simply the modi- 
fication of the material shipped, say from the car- 
bonate into sulfate or sulfide, to the complicated 
synthesis of complex organic molecules. 

The Commission has not undertaken an exten- 
sive program within its own facilities to prepare 
and make available these special products. It 
would not only be difficult for the Commission to 
maintain facilities and personnel to meet all the 
special needs of off-Commission users, but this is 
an area of endeavor which is free of security con- 
siderations and one which logically should be 
handled by private enterprise. Limited quantities 
of labeled compounds which are obtained as by- 
products of Commission research activities are 
made available to off-Commission laboratories 
when prepared in excess of Commission needs. 


The Commission has, however, encouraged com- 
mercial firms to engage in the preparation of spe- 
cial products. At the present time three organi- 
zations outside Commission laboratories are pre- 
paring and distributing isotope-labeled compounds 
and several other organizations are considering 
arrangements for initiating similar programs. 
There are over 50 such compounds now avail- 
able and 35 additional compounds are scheduled 
to become available within the next si.x months. 
Although most of these compounds are labeled 
with radiocarbon (C 14), some compounds have 
been labeled with radioisotopes of sulfur, iodine, 
gold, zinc and cobalt. 

Even though allocation of these materials is nec- 
essarily controlled by the Commission, all other 
arrangements relative to their procurement are 
made by the supplier and the radioisotope user. 
Also in its effect to encourage preparation and sale 
of isotope-labeled compounds b}" private enter- 
prise, the Commission has adopted the policy of 
discontinuing distribution of any compound which 
becomes available from an outside source. 

Besides its efforts to encourage wider use of 
radioisotopes through cooperating with private 
enterprise in programs such as mentioned above 
and through its support of training and educational 
programs, the Commission has also stepped up and 
amplified its own program of producing basic ra- 
dioisotope products. New facilities for produc- 
ing and processing these products are being de- 
signed and constructed. The Commission has 
made an effort to encourage the growth of medical 
and biological research and evidence of this was 
noted last April when it was announced that ra- 
dioactive phosphorus (P 32), radioactive iodine 
(I 131), and radioactive sodium (Na 24) would 
be made available free of production costs for use 
in therap 3 % diagnosis, and research in cancer and 
allied diseases. More recently a further announce- 
ment was made stating that this program would 
not only be continued but expanded to include all 
isotopes normally available under its isotope dis- 
triijution program providing the material is used 
in cancer research. More specifically the supple- 
mentar\' extension of the program provides for 
allocation of materials free of production cost for 
use in (I) cancer investigations involving animal 
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subjects, (2) research programs studying basic 
cellular metabolism of cancerous cells, and (o) 
experimental programs designed to evaluate the 
uses of radioactive materials in the therapy and 
diagnosis of cancer. 

CONCLUSION 

In pointing out the present widespread avail- 
ability of radioisotopes as a research tool, it must 
also he noted that this is based on much more than 
merely the increased availability of isotopes per se. 
Not only are radioisotopes available in amounts 
many times the prewar quantities, hut the}' are also 
readily available as a much greater variety of 
radioelements. Nearly all the biologically useful 
radioisotopes, including such important ones as 
radiohydrogen (tritium, H 3), radiocarbon (C 
14), radiophosphorus (P 32), radiosulfur (S 35), 
radiocalcium (Ca 45), radioiodine (I 131), etc., 
are produced routinely and are available con- 
tinuously. 

Further, a stock of isotope-labeled compounds is 
available for the first time. Many complex organic 
molecules have been labeled or tagged with iso- 


topes and many more will become available in the 
near future. Heretofore, tracer studies with iso- 
topes were usually limited to following only the 
radioelement or its simple compounds. 'J'he avail- 
ability of a wide variety of labelerl organic and bio- 
chemical comjiounds will certainly jiromote much 
more e.xtensive and diversified utilization of iso- 
topes in biology and medicine. 

Increased availability of materials and instru- 
ments has led recently to a much greater number 
of hospitals, clinics and other institutions using 
radioactive materials in routine diagnosis and 
therapy procedures and in research investigations. 
Before the war, for instance, little more than a 
dozen institutions were routinely using radio- 
phosphorus (P 32) and radioiodine (I 131) in di- 
agnosis and therapy. Today 80 difiFerent institu- 
tions are using either or both of these isotopes in 
this type of clinical work. 

It seems quite certain that with the background 
at hand and the impetus now gained, future re- 
search with isotopes, especially isotope-labeled 
compounds, will lead to valuable new routine uses 
of radioisotopes in diagnosis and therapy. 



THE USE OF STABLE ISOTOPES IN BIOLOGICAL AND MEDICAL 

RESEARCH 

Dv IRVIXG M. LONDON 

(Prom the Department nj Medieinc, College oj Physicians and Surgeons, Columbia University, 
and The Presbyterian Hospital in the City of Neiv York) 

During the past IS years there has Ijcen a rapid content. B. Problems of conversion — ^the addition 

and e.xtensive development of the use of isotopes of isotopic substance A to a biologic system and 

in biological and medical investigation. In 1923, the subsequent isolation of substance B and the 

Hevesy’s pioneering studies, in which thorium B determination of its isotope content. C. Kinetics 

was used to investigate the absorption and locali- of biochemical reactions. II. An illustration of 
zation of lead by plants, revealed some of the pos- the use of isotope techniques in the investigation 
sibilities of the use of tracer technique for bio- of related problems in one field : the biosynthesis 
chemical research. The e.xploitation of these pos- and metabolism of porph 3 'rins. 
sibilities marked time, however, until isotopes of _ , , , ■ j 

elements more widely associated with biochemical ’ niton an lanspotf 

processes were made available. The discover)' of Shortl)' after Hevesy’s first experiments with 
deuterium b)' Urey in 1931 and the development thorium B, one of his colleagues expressed the 
of methods for production of heavy water were hope that a tracer would be found which could 
the first steps toward providing stable isotopes permit the determination of the fate of individual 
for tracer studies in biological systems. water molecules such as those in the tea they were 

There soon followed the preparation of the about to drink (8). Within a decade Urey’s dis- 
heavy isotopes of nitrogen, carbon and oxygen, covery of deuterium and preparation of heavy wa- 
which, with hydrogen, constitute a large portion ter had provided an indicator which could help in 
of the elements of interest to the biologist. The the solution of such a problem. This type of prob- 
discovery of artificial radioactivity by Joliot and lem is characteristic of a number of questions 
Curie in 1934 led before long to the production of which can be answered by a basically simple ap- 
a number of radioactive isotopes which are of value plication of the isotope technique. This applica- 
in biological investigations. The past decade and tion consists in introducing a labeled substance 
a half have witnessed a swift and enthusiastic ap- of known isotope concentration into a system and 
plication of stable and radioactive isotopes to a subsequently measuring the isotope concentration 
wide variety of biologic studies. of the same substance in the sj'stem as a whole or 

The reports of these studies form a voluminous in one or more of its constituent units. One can 
literature. Several reviews (1-7) which deal with trace the fate of the labeled substance, i.e., its dis- 
various aspects of tracer ' research have appeared tribution and localization, and one can measure 
in recent years. The scope of the present discus- the time relationships of its distribution. In 
sion is limited to the use of stable isotopes and it terms of biological experimentation, this tech- 
is not the purpose of this paper to attempt an- nique is applicable to the stud}' of mechanisms and 
other review, which would require far more space rates of transfer of biological substances by absorp- 
than is available. This paper is designed to indi- tion, secretion or excretion and to the study of 
cate some of the types of investigative problems diffusion and membrane permeability. The' same 
for which tracers are particularly suited and to technique is applicable to the solution of quanti- 
present illustrative examples of studies in which tative analytic problems, whether primarily bio- 
stable isotopes have been used. logical or chemical. By determining the dilution 

The discussion is presented in two parts. I. in isotope concentration of the labeled substance 
Types of problems for which isotope investiga- after its addition to the system one can determine 
tion is suitable. A. Problems of dilution and the amount of this substance which is present in 
transport — the addition of isotopic substance A to the system. In the animal organism precise 
a biologic system and the subsequent isolation of measurements of a variet}- of bod}- constituents 
substance -A and the determination of its isotope are made possible, and in a'purely chemical system. 
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the isotope dilution method affords a precise 
technique for quantitative analysis. 

A few examples which are representative of 
the various applications of this type of tracer work 
may serve to illustrate the use of the technique. 
Hevesy and Hofer investigated the rate at which 
water is eliminated from the human body (8). 
They administered heavy water to a subject and 
subsequently measured the deuterium concentra- 
tion in the urine. By determining the interval be- 
tween the time of maximal concentration of deu- 
terium in the urine and the time when the deu- 
terium concentration in the urine was one-half 
the maximal value, they determined tj/o, the time 
required for one-half of the heavy water ingested 
to be eliminated from the body. This value is nine 
days. Inasmuch as the biologic behavior of heavy 
water of low isotope concentration is essentially 
the same as that of ordinar}^ water, this value for 
ti /2 applies equally to ordinary light water. The 
average time which a water molecule spends in 
the body is ti /2 X In 2, or 13 days. 

In the same study, these investigators applied 
the principle of isotope dilution to determine the 
water content of the body. After the first day 
the deuterium concentration in the water of urine 
may be taken as the deuterium concentration in 
total body water. This is based on the reasonable 
assumption that the heavy water becomes com- 
pletely mixed with the total body water and is 
handled in the body in a manner indistinguishable 
from that of ordinary water. The total body wa- 
ter volume is then equal to the product of the deu- 
terium concentration and the volume of the heavy 
water administered divided by the deuterium con- 
centration in the urine. These calculations yielded 
a value for total water volume of 43 :±: 3 liters or 
63 zt 4 per cent of the body weight. This method 
was modified 1)y Moore (9) who determined the 
deuterium concentration in plasma one hour af- 
ter the intravenous injection of heavy water. Com- 
plete equilibration of the injected DoO with the 
I)odv water was found to occur within one hour; 
consequently the deuterium concentration in the 
one-hour plasma sample could be considered 
equivalent to the deuterium concentration in total 
hodv water. By this method, a value for total 
body water of 47.8 liters or 72 per cent of the 
hodv weight was obtained in a normal adult male. 

The ability of the tracer technique to follow the 
transfer of a substance across a membrane has 


permitted the study of a ntimher of biological prob- 
lems which could not be satisfactorily investigated 
b}' other methods. Without the aid of isoto])es, 
tlie meastiremcnt of sticli transfer would depend 
on the determination of the net change in the 
quantity of the substance on each side of the mem- 
hrane. Under physiological conditions, however, 
little or no net change in the quantit}' of a great 
many substances is fotind despite considerable 
transfer, for the transfer takes place simultane- 
ously in both directions across the membrane. 
The isotope technique avoids this difficult}’. By 
introducing a labeled substance on one side of the 
membrane one can follow the movement of the 
labeled substance in a system at equilibrium or in 
a steady state. Inasmuch as the biochemical be- 
havior of labeled units is indistinguishable from 
that of unlabeled units of the same substance, the 
transfer of the labeled substance is representative 
of the transfer of the substance as a whole. 

The studies of Gellhorn and Flexner (10) on 
the transfer of water across the placenta illustrate 
this application of the isotope technique. D^O 
was injected into a pregnant guinea pig, and after 
ten minutes during which equilibration of D 2 O 
between tbe various fluid compartments of the 
mother was known to occur, the fetuses were de- 
livered by Caesarean section. By determining the 
total body water of the fetus and the deuterium 
concentrations in maternal and fetal plasma, it was 
possible to calculate the quantity of water trans- 
ferred across the placenta per unit time. It was 
found that the rate of transfer of water across a 
unit weight of placenta from the 2Sth day of gesta- 
tion to term increased about nine times, and that 
the rate of tranfer of water to a unit weight of 
fetus was parallel to the relative growth rate of 
the fetus. 

The principle of isotope dilution has found 
ready application to quantitative analytic studies 
(11-13). Most commonly, a small known 
amount of labeled substance is added to a system 
containing an unknown amount of the same sub- 
stance unlabeled. By determining the dilution in 
the isotope concentration of the substance isolated 
from the system, the quantity of substance origi- 
nally present in the system can be calculated. This 
technique permits accurate quantitative determina- 
tions of a large number of substances for which 
other good quantitative methods may not be avail- 
able. In addition, the need for quantitative isola- 
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tion oi the substance is obviated. A pure sample 
adequate in amount for isotojie analysis is suffi- 
cient. For accurate results it is essential that the 
labeled material which is added to the' system and 
the material isolated from the system be pure. 

The isotope dilution method has been used to 
determine quantitatively the optical isomers of 
amino acids present in amino acid mi.xtures (14) 
and to determine the amino acid content of horse 
hemoglobin (15) and human and bovine albumin 
(16). Its use has demonstrated that the claim for 
the presence of large quantities of D-glutamic 
acid in malignant tumor tissue is invalid (17). 

A modification of this procedure has been de- 
scribed by Keston, Udenfriend, and Caiman (18) 
for amino acid analyses. A mixture of amino 
acids is treated with a labeled substance, e.g., p- 
iodopbenylsulfou}’! chloride labeled with A 

large amount of the non-isotopic p-iodophenyl- 
sulfonyl derivative of the amino acid to he meas- 
ured is added to the mixture and the compound is 
subsequently isolated and its specific activity (iso- 
tope concentration in the case of stable isotopes) 
determined. Inasmuch as stable derivatives may 
be formed with other amino acids in the mi.xture, 
- the isolated compound may require numerous re- 
crj'stallizations before purity is established. It 
should be noted that complete conversion of the 
amino acid to its derivative must occur if ac- 
curate results are to be obtained. This method 
permits the quantitative determination of micro- 
gram quantities of amino acids. 

The principle of isotope dilution has been ap- 
plied in reverse by Bloch and Anker (19) to de- 
termine the isotope concentration of a metabo- 
lite present in too small an amount to permit direct 
isolation. Since the amount of isotopic metabolite 
is also unknown, the addition of a known amount 
of nonisotopic metabolite (carrier) merety facili- 
tates isolation, but calculation of the original iso- 
tope concentration of the metabolite is not possible. 
If two different quantities of normal carrier 
are added to separate aliquots of the metabolite 
solution, however, the two samples of metabo- 
lite subsequently isolated will have different iso- 
tope concentrations. Sufficient data are then 
available for calculation of the original isotope con- 
centration. The error of this procedure, however, 
may be as high as 20 per cent. 


Problems oj Conversion 

Isotopes are particularly suited to the study of 
conversion reactions. One of the principal t 3 ^pes 
of investigation in intermediary metabolism is con- 
cerned with determining the products of the bio- 
logical conversion of a substance or to determine 
its biologic precursors. Experiments performed 
without the aid of isotopes are for the most part of 
two types: (7) in vivo studies in which substance 
A is administered and the quantity of substance B 
which is formed in the tissues or is excreted is 
determined; and (2) in vitro studies in which 
substance A is added to tissue slices or isolated or- 
gans and the quantity of substance B formed in 
the system is measured. Although these types of 
study have yielded much valuable information, they 
do not yield conclusive evidence for the determina- 
tion of biologic precursors or conversion products. 
In vivo studies in which an increased excretion of 
substance B following the administration of sub- 
stance A is interpreted as evidence that A is a 
biologic precursor of B, are open to the criticism 
that increased excretion of B represents an in- 
creased loss of. B from the organism rather than 
increased synthesis and that A is responsible for 
this effect merely by virtue of its effect on the ex- 
cretory mechanism. An increased formation of B 
in vivo or in vitro following the addition of A does 
not prove the conversion of A to B but may indi- 
cate rather that A is concerned in reactions yield- 
ing energy required for the synthesis of B. Fur- 
thermore, the absence of increased formation of 
B following the administration of A does not pre- 
clude the role of A as a specific precursor for B. 
Most biologic syntheses involve a series of reac- 
tions. Only one of these reactions maj' be limiting 
and principally responsible for the rate of forma- 
tion of B. If the specific conversion of precursor 
A to substance B is not this limiting reaction, the 
administration of A will probably not be reflected 
b}' an increased formation of B. Clearly another 
technique of investigation which offers unequivocal 
evidence for the specific utilization of structural 
components of one substance for the biologic syn- 
thesis of another is required. Such is the isotope 
technique. 

A striking example of the use of isotopes in the 
study of conversion reactions is the investigation 
of the biological synthesis of creatine and creati- 
nine. Bloch and Schoenheimer (20) addressed 
their attention first to the relationship in vivo of 
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creatine to its anhydride, creatinine. Creatine 
labeled with was fed to rats and subsequent 1}’' 
creatine was isolated from the muscles and creati- 
nine from the urine. The N'"’ concentrations in 
the isolated creatine and creatinine were nearly 
identical and indicated that urinary creatinine is 
derived from body creatine. Similar studies were 
carried out in which after the preliminary period 
of feeding N^'’’ labeled creatine, the rats were kept 
on a creatine-free diet, during which time the 
isotope content of urinary creatinine was identical 
with that of body creatine. This finding indicated 
that body creatine is the sole precursor of urinar}' 
creatinine in an animal on a creatine-free diet. 
Were any other nitrogenous source present, the 
isotope concentration in the creatinine would have 
been lower than that of the body creatine as a 
result of dilution with non-isotopic nitrogen. 

To determine whether the creatine <=i creati- 
nine reaction is reversible i)i vivo as it is in vitro, 
isotopic creatinine was administered to rats and 
body creatine was subsequently isolated. There 
was essentially no isotopic nitrogen in the creatine, 
a finding which indicates that in vivo creatinine is 
not convertible to creatine. 

The next step in these studies was the search 
for the biologic precursors of creatine. Clues to 
the identity of these precursors were provided 
by Brand et al. (21, 22) who found that pa- 
tients with muscular dystrophy excrete more 
creatine after administration of glycine, and by 
Fisher and Wilhelmi (23) who reported that the 
addition of arginine to the fluid perfusing rabbit 
hearts resulted in a quantitative conversion to 
creatine. In addition Borsook and Dubnoff 
showed that guanidoacetic acid is methylated to 
creatine in surviving liver slices and that this 
methylation is markedly accelerated by the addi- 
tion of methionine ; they concluded that the methyl 
group of methionine is transferred to guanidoacetic 
acid to form creatine (24). Simultaneous and in- 
dependent investigations by Bloch and Schoen- 
heimcr revealed that when glycine labeled with 


N'"’ was administered to normal rats, creatine with 
a high isotope content was formed (25). .Simi- 
larly sarcosine labeled with N'* yielded creatine 
with equally high isotope content. Inasmuch as 
the ingestion of isotopic sarcosine was shown to 
lead to the deposition in ])rotcins of isotopic gly- 
cine to the same extent as when glycine itself was 
fed, it was concluded that sarcosine is very rapidly 
demcthylated after its ingestion and that it serves 
as a precursor of creatine only after demethylation 
to glycine (26). W'hcn guanidoacetic acid labeled 
with N'-"’ was fed, creatine was formed with an 
isotope content approximately the same as when 
an equivalent amount of isotopic creatine was ad- 
ministered : clearly, methylation of guanidoacetic 
acid to form creatine must occur quickly (25). 

With the role of ghxine as a precursor estab- 
lished and with the demonstration of the rajiid 
methylation of guanidoacetic acid to form creatine, 
there yet remained the problem of determining 
conclusively the biologic sources of the various 
groups in the creatine molecule. Working inde- 
pendently. Borsook and Dubnoflf found that kid- 
ney slices could form guanidoacetic acid from argi- 
nine and glycine (27) and Bloch and Schoen- 
heimer showed that the administration of arginine 
labeled with N’’’ in the amidine group resulted in 
the formation of creatine of high isotope concen- 
tration (28). By degradation studies the latter 
investigators were able to show that the amidine 
nitrogen of creatine is derived from the amidine 
nitrogen of arginine, and that the nitrogen of the 
sarcosine group originates from glycine (29). 

The final link was provided when du Vigneaud 
et al. found that the administration to rats of 
methionine labeled with deuterium in the methyl 
group results in the formation of creatine with a 
high deuterium concentration (30, 31). 

These studies established the immediate bio- 
logical source of each part of the creatine mole- 
cule. The biosynthesis of creatine may be sum- 
marized as follows : 
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Recent studies on the biosynthesis of uric acid 
offer another example of the use of the isotope 
technique in establishing the identity of the bio- 
logic precursors of an important chemical sub- 
stance. Sonne, Buchanan and Delluva (32-34) 
prepared a number of compounds labeled with O*, 
administered them to pigeons, isolated the uric 
acid from the excreta, and degraded the uric acid 
by procedures which permitted separate isotope 
analyses of each of the carbon atoms in the uric 
acid molecule. They found that the number 6 
carbon is derived from CO 2 , carbon atoms 2 and 8 
from the carboxyl carbon of acetate (CHjC^OOH) 
or formate (HC*OOH), and carbon atom 4 from 
the carboxyl carbon of glycine ( CH 2 NH 2 C*OOH) . 
Shemin and Rittenberg (35) demonstrated the 
specific utilization of the amino group of glycine 
for nitrogen 7 in an experiment in which 
labeled glycine was fed to a human and the uric 
acid isolated from his urine was degraded. Ni- 
trogen atoms 1, 3 and 9 are apparently derived 
from ammonia of the general metabolic pool. 
With glycine established in positions 4 and 7, it 
remained for Karlsson and Barker (36) using 
glycine labeled with in the a position to show 
that the methylene carbon of glycine is incorpo- 
rated into position 5 (NHaC^HaCOOH). These 
composite data derived from both avian and human 
experiments have established the immediate bio- 
logic precursors of each component of the uric 
acid molecule. 

Progress in the delineation of the conversion 
reactions in intermediary metabolism has been 
markedly facilitated by the use of isotopes. Limi- 
tations of space prevent discussion of the many 
excellent studies which illustrate this application 
of tracer technique. The interested reader is re- 
ferred to reviews or representative papers by 
Wood (37), Evans (38), Gurin (39), Stetten 
(40), Weinhouse (41) and their colleagues for a 
more thorough consideration of the use of tracers 
in the study of conversion reactions. 

Kinetics of Biochemical Reactions 

Within a few years after the start of their in- 
vestigations in intermediary metabolism with the 
aid of isotopes, Schoenheimer, Rittenberg and 
their colleagues concluded that the conventional 
concept of the division of metabolic processes into 
exogenous and endogenous forms was untenable. 


Their studies demonstrated that there is a con- 
stant interchange of dietary constituents with body 
constituents and that the body constituents, are in 
a state of flux, of continuous synthesis, degrada- 
tion, and interchange. They termed this concept 
of intermediary metabolism "the dynamic state 
of body constituents.” This concept not only 
comprises an appreciation of the interconversions 
and synthetic and degradative reactions of body 
constituents, but it emphasizes the importance of 
the rates at which these reactions are carried out 
in the living organism. The kinetics of processes 
in intermediary metabolism has received relatively 
little attention, however, as compared with the 
attention focussed on delineating the pathways of 
synthesis and degradation. In the future, how- 
ever, the kinetic aspects of biologic processes may 
be expected to receive considerably more empha- 
sis in isotope studies. An appreciation of the im- 
portance of a metabolic road requires a knowledge 
of the extent of the traffic on that road. When 
more than one pathway for the conversion of one 
substance to another exists, the rates at which 
the reaction is carried out via the different routes 
indicate the relative significance of these routes. 

Studies in reaction kinetics are pertinent to the 
investigation of chemical changes in biological 
fluids and tissues which occur in disease. By de- 
termining reaction rates, it is possible to ascertain 
whether an abnormally high concentration of a 
substance is the result of an increased rate of syn- 
thesis or a diminished rate of degradation, and 
whether an abnormally low concentration results 
from a diminished rate of synthesis or an in- 
creased rate of degradation. 

The considerations and calculations involved in the 
measurement of reaction rates in isotope experiments 
have been discussed by Zilversmit et at. (42), by Bran- 
son (43), and by Radin (44). The principal considera- 
tion is the basic assumption of biological isotope research, 
namely, that isotopic molecules are biologically indis- 
tinguishable from non-isotopic molecules. In nearly all 
cases the additional assumption may be made that the 
appearance and disappearance of all molecules proceed at 
random. The simplest type of problem of reaction 
kinetics is concerned with a biological system in the 
steady state, i.e., the rate of appearance of the substance 
under study equals its rate of disappearance and, during 
the period of study, these rates remain constant Under 
these conditions, the total number of molecules, lil, of 
the substance in the system is equal to m, the number 
of molecules which enter (or leave) the system per unit 
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of time, multiplied by the turnover time, T, the time re- 
quired for the appearance in the system or disappearance 
from the system of M molecules of the substance. 

One type of experiment in which the rate of synthesis 
and degradation of a substance may be calculated is that 
in which a small amount of the labeled substance which 
is normally synthesized in the system is added to the 
system and its rate of disappearance is measured. In 
the steady state the rate of disappearance is equal to the 
rate of appearance and is consequently a measure of the 
rate of turnover. The rate of creatine turnover was 
studied by this technique (45). Adult rats were given 
isotopic creatine and were then placed on a creatine-free 
diet. Samples of creatinine were isolated at intervals 
from the urine. The isotope content of the creatinine 
was shown in the studies described earlier to be the same 
as that of the body creatine. The decrease in isotope 
concentration in the urinary creatinine indicates there- 
fore the disappearance of labeled creatine from the tis- 
sues and its replacement by newly synthesized non- 
isotopic creatine. The curve of isotope concentration in 
the creatinine declines in exponential fashion, i.e., the 
decline in isotope concentration at any moment is pro- 
portional to the isotope concentration at that moment. 
Since the slope, K, of the declining isotope concentration 


curve is equal to 21 {.e., the fraction of the total sub- 

stance M which disappears from the system per unit 
time, and since i is the isotope concentration at any 

time t, then — ki. 
dt 

On integration i = ioe*’' ‘, in which io is the isotope 
concentration at the start of the experiment. On con- 
verting to logarithmic values, In i = In io — k t. A plot 
of In i against t yields a straight line whose slope is k. 
Accordingly, by serial determinations of the isotope con- 
centration, k can be calculated, and tj/ji the half life- 

1 2 

time, can be determined from the equation 

Since T = t ^/2 ^ turnover time is also readily 

calculated. To express the rate of turnover in terms of 
units of weight per unit of time, M must be determined 
quantitatively by an independent procedure. 

In the case of creatine in rats, the turnover rate was 
found to be about 0.02 per day. By determining the 
total body creatine, and the daily urinary creatinine ex- 
cretion, it was found that the daily creatinine excretion 
corresponds to about 2 per cent of the total body 
creatine. The close agreement of these values for daily 
synthesis of creatine and excretion of creatinine precludes 
tlie existence of any major catabolic pathway for creatine 
other than creatinine formation and excretion. 

Hoberman ct al. (46, 47) have utilized this technique to 
study the rate of turnover of body creatine in man. In 
two human male subjects on a creatine-free diet values 
of 42 and 48 days for the half lifetime of body creatine 
/ In 2 0.69 0.69 

k 0.0164 0.0143 


were obtained 


k 0.0164 0.0143 

When mctliyl testosterone is administered to the normal 
subject, the slope of the curve becomes steeper and re- 
flects a more rapid dilution of body creatine (47). By 


appropriate calculations it can be shown tliat the more 
rapid dilution is the result of an increased rate of synthe- 
sis of creatine and an increase in the total body creatine. 
This study affords direct evidence that methyltcstostcrone 
accelerates creatine synthesis. 

When it is very difficult to synthesize an iso- 
topic compound whose biologic turnover is to be 
studied, it may be possible to prepare the com- 
pound by biosynthesis and to study its turnover in 
the same or in another organism. An isotopic com- 
pound which is known to be a biologic precursor 
of the substance is administered to the subject and 
subsequently the substance is isolated serially and 
its isotope concentration is determined. In the 
case of substances in the dynamic state, the isotope 
concentration rises to a maximum shortly after the 
end of the administration of the isotopic precursor 
and then declines exponentially. The upward 
slope of the curve reflects the appearance of newly 
synthesized labeled molecules and their replace- 
ment of unlabeled molecules formed prior to the 
administration of the isotopic precursor. The 
declining portion of the curve results from the 
disappearance of labeled molecules and their re- 
placement by newly synthesized molecules con- 
taining little or no isotope. Inasmuch as the 
degradation of the labeled molecules may in some 
cases result in isotopic fragments which can be 
reutilized for the synthesis of new molecules of 
the same substance, the rate of decline in isotope 
concentration may be slower than the actual rate 
of degradation. This discrepancy is probably not 
marked, however, for after the degradation of the 
labeled molecule, the isotopic fragment commonly 
enters a metabolic pool of similar fragments of 
lower isotope concentration. A representative 
sample of this pool is utilized for the synthesis of 
new molecules. These conditions approximate 
roughly the replacement of isotopic molecules 
by non-isotopic molecules and provide a good 
measure of the turnover rate of a substance in 
the dynamic state. This technique has been used 
to study the rates of turnover of serum and 
antibody proteins in the rabbit in whom it was 
found that the half lifetime of serum and antibody 
protein molecules is about two weeks (48). Shemin 
and Rittenberg have utilized this technique in an 
extensive study of the interrelationships involved 
in nitrogen transfer and of the rates of turnover 
of nitrogen in various tissues of the rat (49) . 
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Fig. 1. Concentration in Serum Proteins after 
Feeding Labeled Glycine for Two Days 

The kinetics of serum protein formation in the 
human have been investigated by this method 
(50). Glycine labeled with was fed to a hu- 
man subject for two days and the concentra- 
tions in the total protein were determined. Fig- 
ure 1 shows a curve representative of the data ob- 
tained in these studies. The maximal N^® con- 
centration is reached shortly after the cessation of 
feeding labeled glycine and thereafter the isotope 
concentration declines in a roughly exponential 
manner. The ti /2 value for total serum protein is 
about ten days. 

With a tj /2 about ten days, the turnover time, T, 
for a serum protein molecule is ti/2 X In 2 or about IS 
days. The normal human adult male with a total plasma 
volume of 45 ml. per kilogram of body weight has a 
serum protein content of about 3 Gms. per kilogram of 
body weight. Substitution in the equation M = m X T 
yields a value for m of 0.2 Gm. of serum protein per 
kilogram of body weight per day. In a normal man of 
70 kilograms, approximately 14 Gms. of serum protein 
are synthesized and degraded daily. It should be re- 
membered that tj ^^2 values are approximations and are 
somewhat greater than the actual half lifetimes. Ac- 
cordingly, the shorter actual half lifetimes will be re- 
flected in proportionately greater rates of synthesis and 
degradation. 

^ A theory and a practical procedure for evalua- 
tion of the rate of protein synthesis have recently 
been described by Sprinson and Rittenberg (51). 
A small amount of N^® labeled amino acid is ad- 
ministered to the subject and the content in 
the urine excreted after the administration of the 
amino acid is determined. The greater the utili- 
zation of the amino acid for protein synthesis, the 


smaller the total excretion of N^® during the pe- 
riod of study. Mathematical treatment of the data 
on the cumulative excretion of N^® during a pe- 
riod of 48 to 72 hours after ingestion of the iso- 
topic amino acid affords an estimation of the rate 
of protein synthesis and the size of the metabolic 
pool of nitrogen. The rate of protein synthesis per 
kilogram of body weight per day is approximately 
0.2 Gm. of nitrogen in adult man. The nitrogen 
pool, i.e., the nitrogenous compounds which are 
derived from the diet or from the degradation of 
body constituents and which are utilized for the 
synthesis of tissue constituents, was found to be 
approximately 0.4 — 0.6 Gm. per kilogram in nor- 
mal man. This procedure should prove to be val- 
uable in the study of a variety of metabolic dis- 
orders and in the investigation of endocrine ef- 
fects on nitrogen metabolism. 

The rate of synthesis and degradation of a bio- 
logic substance can be determined by still another 
technique which measures the rate of incorpora- 
tion of deuterium into the compound from the 
body fluids. This technique is applicable only to 
metabolic reactions in which hydrogen, or deu- 
terium, is stably bound to carbon. By maintaining 
a steady deuterium concentration in the body fluids 


NORMAL MAN 



TIME IN DAYS 

Fig. 2. Deuterium Concentration in Serum Cho- 
lesterol Plotted Semilog arithmically 

Ct = deuterium_ concentration at any time t. C« = 
maximum deuterium concentration which is attained at 
infinite time. 
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and by serial determinations of the deuterium con- 
centration in the substance under study one can 
measure the rate at which the substance is syn- 
thesized. The maximum deuterium concentra- 
tion which is achieved in this substance is usu- 
ally lower than that of the body water since a 
fraction of the hydrogen atoms of most compounds 
is not derived from body water. The half life- 
time of a substance is the time required to reach 
50 per cent of this maximum concentration. Stud- 
ies on the rate of formation of body cholesterol 
in the mouse have shown a half lifetime for the 
cholesterol molecule of IS to 25 days (52). The 
rate of synthesis of serum cholesterol in a nor- 
mal man has recently been investigated by this 
technique. Figure 2 describes a curve obtained 
by plotting the isotope concentration against time 

[ lo (\ — deuterium concentration at time t \ ^ tJniel 
maximum deuterium concentration / ‘ J 

The linear curve indicates that the change in iso- 
tope concentration is exponential in character and 
from the slope of the curve the half lifetime of 
serum cholesterol can be determined. In this nor- 
mal male subject, the half lifetime is about nine 
days, the turnover time about 13 days (53). 

The Biosynthesis and Metabolism of Porphyrins 

The preceding discussion has been concerned 
with presenting examples of the main types of bio- 
logical problems which are readily investigated 
with the aid of isotopes. These studies are for the 
most part unrelated and are diffusely spread over 
a number of fields of research. It may be well, 
therefore, to present an account of studies which 
illustrate the application of a variety of isotope 
methods to the investigation of a group of related 
problems in one field. The studies to be described 
are concerned with the biosynthesis and metab- 
olism of porphyrins. 

These studies were initiated with the finding by 
Shemin and Rittenberg that glycine is specifically 
utilized for the biologic formation of the proto- 
porphyrin of hemoglobin (54). When glycine 
labeled with is fed to a human, the hemin iso- 
lated from the red blood cells of the subject is found 
to contain (55). Serial determinations of 
the N” concentration in the hemin describe a 
curv'e (Figure 3) (55, 56) which is strikingly 
different from the type of curve of isotope con- 



Fig. 3. N*® Concentration in Hemin After Feeding 
Labeled Glycine for Two Days 


centration observed in serum proteins after the 
administration of labeled glycine (Figure 1). The 
phenomenon observed in the case of serum pro- 
teins represents a dynamic process in which pro- 
tein molecules are continuously being degraded 
and resynthesized. If hemin were in the dynamic 
state, even though the red cell itself were morpho- 
logically intact, the concentration in the hemin 
would describe a similar curve. The curve of N^® 
concentration in hemin is fundamentally different, 
however, and cannot be the result of a random 
synthesis and degradation of hemoglobin in the 
peripheral blood. The presence of hemoglobin 
labeled with N^® in erythrocytes many weeks after 
the end of glycine administration must be due to 
synthesis and incorporation of hemoglobin labeled 
with N^® in the erythrocytes during formation of 
the cells in the bone marrow. The persistence of 
labeled hemoglobin in the red blood cells for 
months after its synthesis in the bone marrow indi- 
cates that once incorporated into the red cell the 
hemoglobin remains with the cell until the cell 
disintegrates. In brief, the persistence of the 
labeled hemoglobin reflects the survival or life span 
of the cells containing the hemoglobin. 

The upward slope of the curve of isotope con- 
centration in hemin represents the release into the 
circulation of erythrocytes containing isotopic 
hemoglobin and their replacement of cells formed 
prior to the administration of glycine which con- 
tain no isotopic hemoglobin. The maximum iso- 
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tope concentration is reached and maintained when 
cells with heme of insignificant N*® concentration 
replace cells formed before the glycine adminis- 
tration. The declining portion of the curve re- 
flects the destruction of cells containing labeled 
hemoglobin and the point of inflection represents 
the period of most marked destruction of these 
cells. The moderately abrupt decline indicates 
that the heme is not significantly, if at all, re- 
utilized for new hemoglobin formation when the 
cell disintegrates. If the heme were reutilized 
significantly, a slower decline in isotope concen- 
tration would occur. 

It is clear that normal human red blood cells are 
destroyed as a function of their age and not in 
indiscriminate fashion. The average life span of 
the human erythrocyte can be calculated from the 
curve of isotope concentration in hemin. These 
calculations are presented in detail elsewhere (55, 
56). Values of 127, 120 and 109 days have been 
obtained in two normal men and one normal 
woman. Since these subjects were in a steady 
state, these values correspond to the production 
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Fig. 4. N*® Concentration in Hemin After Feeding 
Labeled Glycine for Two Days 


and destruction of approximately 0.8 per cent of 
the red cells per day. Despite a rather wide range 
in the ages at death of the red cell population, the 
time span which encompasses the ages at death of 
half (the second and third quarters) of the cell 
population is relatively short. In the two normal 
male subjects this time span was found to be 28 
and 35 days, in the normal female subject 32 days. 

This isotope method possesses the unique ad- 
vantage of making possible the study of the life 
span and pattern of destruction of the red cells in 
the same individual in whom the cells are made 
and destroyed without altering the usual state of 
the individual. Accordingly, it is well suited to 
the study of hemoglobin synthesis and red blood 
cell dynamics in normal and pathologic states. 

Polycythemia vera is one of the clinical disorders 
which has been investigated with the aid of this 
method (56). The study was performed in an 
attempt to determine the factors which might be 
operative in the production of the characteristic 
abnormality of the disease, namely, the marked 
increase in the total number of circulating erythro- 
cytes. Theoretically this increase might result 
from one or both of these factors: (2) an in- 
creased rate of hemoglobin and erythrocyte syn- 
thesis and (2) prolonged life of the erythrocytes. 
A patient in a fully developed stage of the disease 
was given glycine labeled with in a dosage 
equivalent to that used in the normal subjects. 
Figure 4 describes the curve of the isotope concen- 
tration in hemin. The pattern of red cell destruc- 
tion is normal and the average life span of the red 
cells is 131 days, a value close to the values ob- 
tained in the normal subjects. Inasmuch as the 
erythrocyte life span is essentially normal, the 
marked increase in the number of circulating red 
cells must be associated with an elevated rate of 
red cell and hemoglobin synthesis. In this patient 
the rate of synthesis was 2.5 times the normal 
value. 

These findings demonstrate a functional hyper- 
activity of the blood-forming apparatus in polycy- 
themia vera in a fully developed stage of the dis- 
ease. It is likely that the development of the 
polycythemia earlier in the disease is also char- 
acterized by increased hematopoietic activity with 
the maintenance of a normal erythrocyte life 
span. Various theories have been proposed for 
the etiolog>’ of polycythemia vera but conclusive 
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proof in support of any of them is lacking. The 
fundamental cause of the functional hyperactivity 
of hematopoietic tissue remains unknown. The 
theory, first proposed by Minot and Buckman 
(57), that polycythemia vera is a neoplasm, ap- 
pears to be most compatible with available evi- 
dence. The persistent bone marrow hyperplasia 
involving all marrow elements, the development 
of leukemia in some cases of polycythemia vera and 
the development of polycythemia in some cases 
of leukemia suggest that this is a neoplastic proc- 
ess. It appears to be a benign neoplasm which 
can develop malignant characteristics. If it is a 
neoplasm, it is an instance of neoplastic growth 
which is associated with an increase in synthetic 
activity with no apparent diminution in degrada- 
tive activity. The fundamental cause, however, 
remains no less obscure than that of other forms 
of neoplasia. 

Sickle cell anemia is another clinical disorder 
which has been investigated with the aid of the 
isotope method (56). A patient with the char- 
acteristic findings of this disease received labeled 
glycine in a dosage similar to that used in the nor- 
mal subjects. The curve of isotope concentra- 
tion in the hemin is shown in Figure 5. It is 
markedly different from the normal. Following 
a rapid rise to a maximum on the seventh day, 
the curve declines exponentially. The exponential 
decline results from a random disappearance of 
labeled heme from the circulating blood, i.e., the 
heme is removed from the circulation at a rate 
which is independent of the age of the heme at 
the time of its degradation. A curve of this shape 
could result from (i ) a random destruction of the 
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red blood cells and a consequent loss of labeled 
heme from the circulating blood ; or (2) a random 
degradation and synthesis of heme in circulating 
red blood cells which are morphologically intact; 
or (J) random synthesis and degradation of heme 
in red blood cells which are themselves undergoing 
random destruction. The latter two possibilities 
seemed unlikely in the light of earlier studies 
which demonstrated that the hemoglobin of cir- 
culating erythrocytes is not in the dynamic state. 
However, when the whole blood of patients with 
sickle cell anemia is incubated with labeled 
glycine heme labeled with is formed (58). 
This hi vitro synthesis of heme indicates that the 
peripheral blood in patients with sickle cell ane- 
mia may synthesize heme. The synthesis in the 
in vitro experiments occurs at a rate of only 0.1 
— 0.2 per cent of the red cell heme in 24 hours. If 
all the hemoglobin in the circulating erythrocytes 
of sickle cell anemia were synthesized in the periph- 
eral blood at a rate of the same order of magnitude 
as in the in vitro experiments, the hemoglobin 
turnover would be ten to 25 times slower than 
that which is actually observed in this case. It 
would seem that the random disappearance of 
heme must be due for the most part to an indis- 
criminate destruction of erythrocytes. If some 
random synthesis of heme in the peripheral blood 
of patients with sickle cell anemia does occur, it 
probably plays a very minor role in the hemo- 
globin turnover in this disease. 

Inasmuch as the erythrocytes of sickle cell ane- 
mia are destroyed indiscriminately, they do not 
have a true life span and their survival is more 
appropriately measured in terms of their half 
lifetime. The half lifetime (ti/ 2 ), i.e., the time 
required for the isotope concentration to decline 
from any given value on the declining portion of 
the curve to one-half that value, is 29 days in 
this case. The mean survival time, or turnover 
time (ti /2 X In 2), is 42 days. With these data 
and determinations of total circulating hemoglobin 
and red blood cell volumes, the rates of hemo- 
globin and red cell production may be calculated. 
The rates in this patient were found to be nearly 
three times the normal. 

The increased hematopoietic activity is most 
likely a compensatory response to the markedly 
reduced number of erythrocytes. The diminished 
survival time reflects a defect which is in all prob- 
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ability intrinsic to the red cell. This defect, which 
probably involves the structure of the red cell 
membrane, may be associated with the sickling 
process but cannot be ascribed to this phenome- 
non alone, since the red cells of individuals with 
sickle cell trait but without anemia are not ab- 
normally susceptible to destruction (59, 60). 

Pernicious anemia is another disease process 
which has been investigated (56). A patient with 
the typical physical and laboratory findings of the 
disease received labeled glycine. No anti- 
anemia therapy had been given when the experi- 
ment was begun. The curve of isotope concen- 
tration in hemin, the red blood cell counts, hemo- 
globin values, and reticulocyte counts during the 
course of the study are shown in Figure 6. The 
isotope concentration in hemin rose rapidly and 
was approaching its maximum on the 16th day. 
It was considered inadvisable to withhold treat- 
ment longer and liver extract therapy in large 


dosage was begun. A satisfactory reticulocyte re- 
sponse and rise in hemoglobin and red blood cell 
counts occurred. 

The rise in hemoglobin and erythrocyte levels 
was accompanied by a decline in the isotope con- 
centration in the hemin. This decline was antici- 
pated for a dilution of the isotope concentration 
in the hemin of circulating erythrocytes should 
result from the release into the circulation of large 
numbers of new cells formed when the isotope 
concentration in the body glycine had fallen to a 
low value. The decline in isotope concentration 
persisted, however, after the erythrocyte and 
hemoglobin values approached normal levels and 
a mere dilution effect should have been minimal. 
To differentiate a dilution effect from actual de- 
struction of the cells containing labeled hemo- 
globin, the changes in the total amount of 
in the heme of circulating erythrocytes were de- 
termined. It has been shown (61) that the hemo- 




Fig. 6. Ni5 Concentration in Hemin Arres Feeding Labeled Glycine for 
TWO Days to a Subject with PEENiaous Anemia 



1266 


IRVING M. LONDON 



Fig. 7. Total Heme after Feeding Labeled Glycine for 

Two Days 


globin concentration in the peripheral blood serves 
as a reliable index of the total hemoglobin in circu- 
lation before and after the start of liver treatment 
in pernicious anemia. Accordingly, a curve repre- 
senting the changes in the total amount of heme 
in circulation could be obtained by multiply- 
ing the hemoglobin concentration in the peripheral 
blood by the isotope concentration in the hemin 
(Figure 7). 

The initial rise in total heme is similar to 
the rise in isotope concentration noted in Figure 
6. After the start of liver therapy, an additional 
rise occurs due to the influx of many new cells. 
Although these newly formed cells contain heme 
of relatively low isotope concentration, their total 
number represents a considerable increment in 
the quantity of heme N^® in the circulating blood. 
The maximum value for total heme N^® is attained 
about two weeks after the start of liver therapy. 
If the cells of untreated pernicious anemia en- 
joyed a normal life span, the curve would have 
maintained a plateau until the 40th to 60th day and 
then would have begun to decline. The curve de- 
clines, however, in linear fashion almost immedi- 
ately after reaching its peak. If all the cells were 
destroyed indiscriminately, the decline would have 
been exponential. The linear decline suggests that 
the cell population is mixed, many of the cells be- 
ing destroyed indiscriminately and others as a func- 
tion of their age. From the declining portion of 
the curve it is possible to calculate that the mean 
sun’ival time of the mixed cell population is 90 
days and that the mean sundval time of the cells 
formed prior to liver therapy is approximately 85 
days. These calculations are presented in detail 
elsewhere (56). 


With these data and determinations of total 
hemoglobin and red blood cell values, it can be 
shown that the rate of production of erythrocytes 
capable of reaching the peripheral blood is only 
about 50 per cent of normal. This diminished 
rate of production and the diminished survival 
time of the cells in circulation are consistent with 
the view that in untreated pernicious anemia the 
erythrocytes are intrinsically defective. The ab- 
sence of an abnormal hemolytic factor in the plasma 
of pernicious anemia patients is supported by 
studies with the Ashby technique (62, 63) which 
have shown an essentially normal sundval of nor- 
mal cells transfused to recipients with pernicious 
anemia. There is no marked deficiency in the rate 
of production of circulating hemoglobin which in 
this case was 80 per cent of normal. 

After treatment with liver extract for one year, 
the patient was again studied. The findings re- 
veal that the red blood cells are destroyed as a 
function of age, not indiscriminately, and that their 
average life span is 129 days, a normal value. 
Complete restoration to normal red cell dynamics 
has occurred (Figure 8). 

In the untreated state, this patient showed only 
mild diminution in the rate of production of circu- 
lating hemoglobin. But even a normal rate of 
production and destruction of circulating red cell 
hemoglobin fails to provide an adequate explana- 
tion for the very large amounts of bile pigment 
which are produced in pernicious anemia. To in- 
vestigate this and other problems of bile pigment 
metabolism, the biologic origin of bile pigment has 
been studied with the isotope technique. 

It has commonly been assumed that bile pigment 
normally is derived almost exclusively, if not com- 
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pletely, from the degradation of hemoglobin of 
mature circulating red blood cells. In accordance 
with this assumption, the appearance of N“ in the 
bile pigment following the administration of 
labeled glycine should reflect the destruction of 
red blood cells containing labeled hemoglobin. 
Since in the normal human no significant number 
of red cells is destroyed for several weeks after 
their release into the circulation, there should be 
no significant concentration of in bile pigment 
during the early part of the experiments in the 
normal subjects. Stercobilin isolated from the 
stools collected during the first eight days of the 
experiment in one of the normal subjects was 
found, however, to have a high concentration of 
(64) . This finding suggests that a portion of 
bile pigment is derived from one or more of the 
following sources: (I) hemoglobin of red blood 
cells which are destroyed shortly after reaching 
the peripheral blood or never reach it and are 
destroyed in the bone marrow; (2) porphyrins 
which are not utilized for hemoglobin production ; 
or (3) direct synthesis of bile pigment via a path- 
way which does not involve degradation of a 
porphyrin ring. From quantitative considerations 
it appears unlikely that myoglobin or the respira- 
tory heme pigments serve as a significant source of 
this portion of bile pigment. 

The finding of an additional source of bile pig- 
ment formation appeared to offer a reasonable ex- 
planation for the discrepancy in untreated perni- 
cious anemia between the very high levels of bile 


pernicious anemia, treated 
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pigment production and the relatively moderate 
destruction of circulating red cell hemoglobin. 
When a similar study was performed in the pa- 
tient with pernicious anemia, an extraordinarily 
high concentration of was found in the 

stercobilin isolated during the first several days 
of the experiment (65). These findings indicate 
that a very large portion of the bile pigment pro- 
duced in this disease is derived from one or more 
of the additional sources which have been sug- 
gested. 

The investigation of porphyrin metabolism was 
facilitated by the finding that heme synthesis oc- 
curs in vitro in the blood of patients with sickle 
cell anemia (58) and in avian nucleated erythro- 
cytes (66). Since significant heme synthesis is 
not observed in normal human blood under similar 
experimental conditions, the in vitro synthesis ob- 
served in the blood of sickle cell anemia was be- 
lieved to be due to the presence of numerous im- 
mature reticulated cells. On incubation of blood 
samples from other subjects with hematologic dis- 
orders characterized by elevated reticulocyte 
counts, however, significant heme synthesis was 
not observed (58). These findings indicated that 
although the reticulocytes in the blood of sickle 
cell anemia might be responsible for the heme syn- 
thesis, the mere presence of numerous reticulocytes 
in the blood of subjects with other hematologic 
disorders does not insure the ability of such blood 
to synthesize heme in vitro. Further studies (67) 
have confirmed the finding that some blood sam- 
ples with elevated reticulocyte counts from patients 
with other blood dyscrasias .do not perform signifi- 
cant in vitro heme synthesis. These studies have 
shown, however, that other blood samples with 
elevated reticulocyte counts from subjects with 
disorders other than sickle cell anemia may syn- 
thesize heme in vitro. To investigate some of the 
problems posed by these observations, the capacity 
for heme synthesis of reticulocytes in the blood of 
experimental animals which had no disorder of 
erythrocyte or hemoglobin formation was studied. 
The blood of previously normal rabbits in whom 
reticulocytosis was induced by bleeding or phenyl- 
hydrazine hemolysis was incubated aerobically 
with labeled glycine for 24 hours. The 
concentrations in the hemin of these blood sam- 
ples revealed that approximately 0.3 — 0.9 per 
cent of the total heme in the in vitro system was 
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newly synthesized during the 24 hour incubation 
period. These findings demonstrate that mam- 
malian reticulocytes possess a significant capacity 
for heme synthesis and suggest that some heme 
synthesis may occur in vivo in the reticulocyte 
after its release into the peripheral blood. 

The in vitro synthesis of heme by avian erythro- 
cytes has been utilized to determine the precur- 
sors which participate in the biosynthesis of pro- 
toporphyrin. It has been found, using labeled 
compounds, that both carbon atoms of acetic acid, 
the carbonyl carbon of pyruvic acid, and the 
methylene carbon of glycine are utilized in the syn- 
thesis of the carbon skeleton of protoporphyrin 
(68) . The utilization of the amino group of gly- 
cine for the synthesis of both types of pyrrole rings 
of protoporphyrin has been demonstrated by find- 
ing equal concentrations in the two pyrrole 
types which were obtained by appropriate degra- 
dation of hemin formed following glycine feed- 
ing (69). 

The biosynthesis of porphyrins and bile pigment 
has been investigated in a patient with congenital 
porphyria who excretes large amounts of uro- 
porphyrin I and coproporphyrin I. Shortly after 
the feeding of N^® labeled glycine, very high con- 
centrations of N’-® were found in the coproporphy- 
rin I, uroporphyrin I and stercobilin (65). These 
findings indicate that glycine is specifically uti- 
lized in the biosynthesis of porphyrins of the I iso- 
mer configuration as well as of protoporphyrin IX 
which is of the etioporphyrin III isomer configura- 
tion. They furnish additional evidence in sup- 
port of earlier observations (64) that bile pigment 
is derived in part from one or more sources other 
than the hemoglobin of mature circulating erythro- 
cytes. 

CONCLUSION 

Despite the relatively short period of time dur- 
ing which isotopes have been available, tracer tech- 
niques have exerted a pervasive influence on bio- 
chemical thought and practice. A definitive evalu- 
ation of this influence may have to await more ex- 
tensive development of isotope investigation. It 
is possible, however, to indicate the two principal 
developments in biochemical thought which have 
already occurred and are due in part to the im- 
pact of tracer techniques. 


Tracer studies have helped to develop a con- 
cept which provides insight into the mechanisms 
of biological synthesis. It has become evident that 
complex organic substances to a large extent are 
synthesized not from compounds of similar com- 
plex configuration but rather from small com- 
pounds of simple structure. The extensive par- 
ticipation of glycine and acetic acid in biosynthetic 
processes has focussed attention on the biochemical 
versatility and significance of small simple com- 
pounds. 

The outstanding contribution of isotope method- 
ology to biochemical thinking has been the devel- 
opment of the concept of the dynamic state of the 
body constituents. The experimental basis and 
theoretical implications of this concept, which in- 
cludes an appreciation of the kinetics of biochem- 
ical reactions, represent a major advance toward 
a thorough understanding of the processes which 
occur in the living cell. 
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DOSAGE DETERMINATION IN THE USE OF RADIOACTIVE ISOTOPES 

By LEONIDAS D. MARINELLI > 

{From the Physics Department, Memorial Hospital, New York City) 


INTRODUCTION 

As commonly used, most radioactive isotopes 
are ingested or injected in soluble form and sub- 
sequently deposited with a greater or lesser de- 
gree of selectivity in various cells and organs. 
In the event of a single administration, the 
number of radioactive atoms present at any par- 
ticular site will increase at first (as they are 
drawn from the circulation along with their 
stable isotopes), it will reach a maximum and, 
as the source of supply becomes exhausted, it 
will decrease on account of both metabolic turn- 
over and radioactive decay. The latter is ac- 
companied by the release of ionizing radiation, 
the type and emission rate of which is the exclu- 
sive characteristic of the radioelement itself. 

The direct measurement of radiation released 
in this manner in terms of units already estab- 
lished in Radiology is beset with numerous diffi- 
culties of experimental nature. Nevertheless 
when the physical factors of half life and radia- 
tion energy, and the physiological factors of 
uptake and excretion, are known, it is possible, 
in some cases at least, to make satisfactory 
estimates of tissue dosage. 

The roentgen, as defined by international 
agreement, applies only to x- or gamma radia- 
tion; it can therefore be used for gamma ray 
emitting isotopes but not for radiation due to 
primary beta particles. (The roentgen is de- 
fined as "that quantity of x- or gamma radiation 
such that the associated corpuscular emission 
per 0.001293 gram of air produces, in air, ions 
carrying one e.s.u. of quantity of electricity of 
either sign.”) 

On the other hand if the energy absorbed per 
gram of air per roentgen (~ 83 ergs) is made 
the unit of energy absorption for beta rays, it is 
possible to establish a comparable basis for beta 
ray dosage. To be sure, in going from air to 
tissues certain corrections will have to be made 
because the energy absorption in tissue per 
roentgen exposure of x- and gamma rays depends 


on both tissue composition and radiation wave- 
length, but in practice, for soft tissues, these 
corrections are not very large. Hence it is 
possible to define an "equivalent roentgen” as 
"that amount of beta radiation which, under 
equilibrium conditions, releases in one gram of 
air as much energy as one roentgen of gamma 
rays." Since the accepted symbol for the roent- 
gen is "r,” it is convenient to designate the 
equivalent roentgen by "e.r,” (This is essen- 
tially the same unit as the “rep” or “roentgen 
equivalent physical” of the Plutonium Project.) 
In the present paper, formulae expressing the 
relationship between radiation dose and isotope 
concentrations are presented and their clinical 
applications discussed by the use of tables con- 
taining a considerable amount of pertinent in- 
formation. Examples of application of the for- 
mulae to specific isotopes and definite problems 
will also be given. For the mathematical and 
physical aspects of the problem the reader is 
referred to the literature (1, 2). 

CALCULATIONS 

Beta Ray Emitters. When a radioisotope emits only 
beta rays, the dose is essentially confined to the regions 
containing the material because the range of the beta 
particles in tissue is only a few mm. Many organs in 
small animals used in experiments dealing with isotopes 
emitting high-energy beta rays are not small in comparison 
to the range of the beta particles. Proper estimate of the 
dose in these instances is, in general, very complicated, 
and must be left to the future.* 

The total dose Dp, in equivalent roentgens, due to the com- 
plete disinteg^ration of a radioelement biologically stable 
and present in a uniform concentration of C microcuries 
per gram of tissue is 

= KpC e.r. I 

where 

Kp = 88EpT e.r. per /icd.^ per gram; la 

T is the half life of the isotope in days and E^ the average 
energy per disintegration of the beta rays in million electron 
volts (Mev). 

* This problem is somewhat similar to the problem of 
gamma emitters (ride infra). 

• fici . — microcuries destroyed, i.e., microcuries com- 
pletely disintegrated in the tissue. 


* On leave of absence to the Argonne National Labora- 
tory, Chicago, III. 
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Doses per hour and per day are respectively 

d, 3 (hour) = Djgfh'l tt 

d^(day) = DjgfdJ 

where fa and fh are the fractions of the entire quantity of 


the isotope which disintegrate per hour or per day respec- 
tively. Values of T, E^, and fa arc given in Table 1 
which refers to beta ray emitters. Z is the atomic number 
and A the atomic weight of the elements given in the first 


TABLE I 


Physical data pertaining to calculations of radiation dosage resulting from beta rays andlor very soft x-ray radiation 


Element 

z 

■ 

Radiation 

! 

T 

Half life 
in days 

(Mev) 

Kp 

e.r.l/jcd. 

Per gram 

f,i 

fraction 
disintCRr. 
per day 

Sp 

fiC per kg 

WciRllt 
prr me in 
10"* 

Afnximum 
ranRC in 
n-atcr 
(mm) 




Group A: is known to an accuracy of a 

few per cent 



Na 

11 

22 

iS''', 7 

1100 


22000 

6.3 -lO-^ 

7.3 

197 

2.1 



24 

/3~. T 

0.61 


i 29 

0.68 

5.1 

0.113 

6.4 

P 

15 

32 

/3-, 0 

14.5 


! 885 

0.047 

2.4 

3.6 

8.0 

K 

19 

42 

P 1 T 

0.515 

1.395 

63 

0.74 

2.1 

0.167 

19 

Sc 

21 

46 

/3 , y 

85 

1.117 

870 

0.008 

14.3 

30 

1.0 

V 

23 

48 

K, y 

16 

0.175 

245 

0.042 

9.7 

5.9 

2.8 

Mn 

25 

52 

/3+ K, 7 

6.5 

0.085 

48 

0.101 

20.6 

2.6 

2.2 



56 

P , 7 

0.108 

0.890 

8.5 

0.998 

11.8 

0.046 

14 

Fe 

26 

59 

/3", 7 

47 

0.120 

496 

0.015 

13.4 

21.3 

1.5 

Co 

27 

56 

7 

85 

0.655 

4900 

0.008 

2.6 

36.6 

7.0 



60 

/3", 7 

1940 

0.099 

17000 

3.6-10-< 

16.5 

895 

0.8 

Cu 

29 

61 

/3+ K, 0 

0.142 

0.433 

5.4 

0.992 

18.7 

0.067 

5.5 



64 

/3+, K, 0 

0.53 

0.120 

5.6 

0.73 

24.4 

0.26 

2.6 

As 

33 

76 

/3“, 7 

1.12 

1.170 

115 

0.46 

1.9 

0.655 

15.7 

Br 

35 

82 

6", 7 

1.5 

0.150 

20 

0.37 

13.5 

0.95 

1.6 

In 

49 

114 

/3~ ( 7 ) 

50 

0.940 

4150 

0.014 

1.7 

44 

9.4 

I 

53 

130 

/3~ 7 

0.525 . 

0.270 

12.4 

0.73 

11.0 

0.53 

4.5 



131 

0~, 7 

8.0 

0.180 

127 

0.083 

9.4 

8.1 

2.2 

RaE 

83 

210 

r, 0 

4.85 

0.330 

141 

0.133 

5.3 

7.85 

5.2 


Group B: is less accurately known than E/j in Group A 


C 

6 

14 


2.1- 10" 


9.2-10" 

3.3 -10-’ 

32 1 

23.5 -lO* 

0.24 

S 

16 

35 


88 


420 

0.0079 

30 1 

24 

0.2 

Ca 

20 

45 


180 


1580 

0.0039 

16 

62 

0.8 

Sr 

38 

89 


55 


2760 

0.013 

3 

38 

7 



90 


9000 


17-10< 

8-10-" 

8 

6200 

2.2 

Y 

39 

90 


2.6 

0.90 

200 

0.24 

2 

18 

11 

Sb 

51 

124 


60 

0.66 

3480 

0.012 

2.4 

57 

12.3 

Au 

79 

198 


2.7 

0.32 

76 

0.23 

5.7 

4.1 

3.8 

1 


Group C: E^ includes the total localized x-radiation following decay by electron capture 


Mn 

Fe 

Co 

Zn 

25 

26 

27 

30 

54 

55 
58 
65 

K,t 

K, T 

K, y 
/3+ K, y 

310 

1500 

65 

250 

0.0054 

0.0059 

0.035 

0.01 

147 

780 

20 

180 

0.0022 
4.6- 10-^ 
0.012 
0.003 

1 

340 

280 

415 

185 

128 

633 

29 

124 

1.5 

1.2 

Group D: E/j consists of part of the radiation released in the decay by electron capture 

Y 

39 

86 

K,y 

105 

0.005 

46 

0.007 

310 

69 

1 

In 

49 

111 

K, T 

2.7 

0.0058 

1.4 

0.23 

310 

1 

2.3 

1 

0.01 

1 


The values of and Sp are based on uniform and biologically stable concentrations of radioelements distributed in 
tissues of linear dimensions large as compared to the range of the beta particles. The sign “0” under the heading 
"Radiation” indicates the absence of nuclear gamma rays. 


E^ is the_average energy' per disintegration. 

= SSE/sT is the radiation dose expressed in equivalent roentgens due to beta rays emitted during the complete 
disintegration of 1 /ic of radioelement per gram of tissue, 
fa = (1 — is the fraction of the entire quantity of isotope which disintegrates in 24 hours. 




: — ^ is the concentration of radioisotope e.\pressed in 

Kp X la 

tissue during the first 24 hours of e.xposure. 


fic per kg which will deliver a dose of 0.1 e.r. to 
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TABLE II 

Physical data perlainins to calculations of radiation dosage resulting from gamma rays 




1 

1 

i 

Ej In Mev 

ly 


f ^4 

fraction 
disintegr. 
per day 


Ele- 

ment 

z 

1 

Radiation 

Half life 
In hours 

Annihila- 

tion 

radiation 

Nuclear gamma radiation 

at 1 cm 
nir//jc-hr 
r/mc-hr 

at 1 cm 
r/pcd 

per 

cm 

XlOO 


Group A: elementa not decaying by electron capture, or x-ray emission following electron capture so soft that it can be 
treated like beta radiation and hence making no significant contribution to ly 


Na 

n 

22 


26500 

0.511(2) 

1.30(1) 




J3.2 

500 

6.3 -lO-* 

3.2 



24 


14.7 


1J8(1) 

2.76(1) 



19.1 

0.40 

0.68 

2.5 

K 

19 

42 


12.4 


1.51(0.25) 




1.93 

0.035 

0.74 

2.9 

Sc 

21 

46 


2040 


0.90(1) 

1.12(1) 



11.4 

33.5 

0.008 

3.2 

V 

7.1 

48 

64 K. y 

384 

0.511(1.16) 

0.98(1) 

1J3(1) 



16.3 

9.0 

0.042 

3.2 

Mn 

25 

52 

e\ K. T 

156 

0.511(0.7) 

0.736(1) 

0.94(1) 

1.46(1) 


19.5 

4.4 

0.101 

3.2 



56 


2.59 


1.77(0.3) 

2.06(0.2) 



9.4 

0.035 

0.998 

2.7 

Fe 

76 

59 


1128 


1.1(0.5) 

1J(0.3) 



6.55 

10.7 

0.015 

3.0 

Co 

27 

56 

64 7 

2040 

0.511(2) 

0.845(1) 

1.26(1) 



17.95 

37.2 

0.008 

3.2 



60 

7 

46500 


1.16(1) 

1J2(1) 



13.5 

900 

3.6 -10-* 

3.0 

Cu 

29 

61 

64 K.0 

3.4 

0.511(1.36) 





4.8 

0.024 

0.992 

3.4 



64 

6464K.0 

12.8 

0.511(0.38) 





1.2 

0.022 

0.73 

3.4 

As 

.S.I 

76 


26.8 


0.55(0.37) 

1.20(0.12) 

1.73(0.01) 


2.2 

0.083 

0.46 

3.0 

Br 

.55 

82 


36 


0.547(1) 

0.787(1) 

1.33a) 


15.1 

0.79 

0.37 

3.2 

Sb 

51 

124 

6'. 7 

1440 


0.6(1) 

1.7(0.S) 



7.9 

16.4 

0.012 

3.2 



130 

6". 7 

12.6 


0.416(0.53) 

0.337(1) 

0.667(1) 

0.744(1) 

13.05 

0.237 

0.73 

3.4 



131 

7 

192 


0.080(.01) 

0.363 (.8) 

0.638(.13) 

0.283(.06) 

2.37 

0.66 

0.083 

3.0 

Au 

79 

198 

7 

65 


0.40(1) 




2,4 

0.22 

0,23 

3.4 


Group B: elements v-ith x-ray emission following electron capture whose contribution to \y is not negligible 



25 

54 

K.y 

7450 


0.833(1) 


10.0054(1)1 

4.9-f(lll 

52 

0.0022 

3.2 


26 

55 

K.y 

36000 


0.07(2-10-5) 


10.0059(1)1 

1101 

— 

4.6 -10-< 

3.2 


27 

58 

K. 7 

1560 

0.511(0.3) 

0.805(1) 


10.0064(0.85)1 

5.7 -f|7] 

12.8 

0.012 

3.3 


30 

65 

e\K.y 

6000 1 

0.511(0.03) 

1.14(0.46) 


10.008(0.99)1 

3.0-H51 

26 

0.003 

3.0 

TlH 

39 

86 

K.7 

2530 


0.908(1) 

1.89(1) 

10.0142(1)1 

14.4-1-13.11 

S2.S -1-110.31 

0.007 

3,2 

In 1 

49 

111 

K.7 

65 


0.173(1) 

0.247(1) 

(0.0231(1)1 

2 J +11.41 

0.22-1-10.131 

0.23 

3.0 


The sign ‘‘0”_ under the heading “Radiation" indicates the absence of nuclear gamma rays. The column headed 
"Annihilation radiation” refers to positron-electron recombination, the column headed "Nuclear gamma radiation” refers 
to gamma rays originating in the disintegrated nucleus. The numbers in parentheses indicate the number of photons 
of the particular energy that are released per disintegration. 

In Group B, the numbers in square brackets pertain to x-ray emission following electron capture and, because of 
the short range of the radiation, they should not be used in computing y-ray dosage. In practice, this type of dose 
computation is amenable to the simpler formulae used for ^-rays (see Group C in Table I). 

If is the exposure in roentgens at 1 cm distance in air from an unfiltered point source of 1 me, for one hour; or 
milli-roentgens per microcurie-hour (see formula Ilia). 

Kt- = 1.44tl'y X 10”* is the number of roentgens, per microcurie destroyed, at 1 cm distance in air from an unfil- 
tered point source. 

fd = (1 — is the fraction of the entire quantity of isotope which disintegrates in 24 hours. (T is the half 

life in days.)_ 

U = true absorption coefficient of the y-radiation in water. 


column. The last column gives the ranges in water for the 
most energetic beta particles of each beta ray spectrum 
for the different isotopes. It should be noted that the 
column for Kjj gives immediately the dose in equivalent 
roentgens for each microcurie completely disintegrating 
within a gram of tissue. 

Gamma Ray Emitters. When a substance is a gamma 
ray emitter, the problem of dosage determination is more 
complicated. The rays released in a given gram of tissue 
produce only a small amount of ionization there; most of 
their energy is expended elsewhere along their paths. The 
problem becomes somewhat analogous to that of inter- 
stitial radium gamma ray dosage, except that instead of 
discrete sources one is confronted with extended ones. 

At a given point the total dose Dy, due to gamma rays 
emitted by the complete disintegration of a radioelement 
biologically stable and present in a uniform concentration 
of C microcuries per gram of tissue, is given by 

= K.,Cg roentgens III 


where 

= 1.44tlT, X 10-’ Ilia 

The dose delivered in one day is 

dy (day) = DyU, IV 

fd having the meaning expressed above. Ky expresses the 
number of roentgens at 1 cm distance in air due to the 
complete disintegration of an unfiltered point source of 
1 Mc; 1.44 X t is the average life in hours, ly the dose-rale 
in roentgens per hour at 1 cm in air from an unfiltered 
point source of 1 me. The quantity g in equation III is 
a geometrical factor depending on the location of the given 
point, the size and shape of the tissue mass containing 
the isotope, and on the absorption coefficient u of the 
gamma rays in tissue. The values of 1^ and K.,. together 
with other pertinent information for gamma ray emitting 
radioisotopes are given in Table II. 

Safe Tracer Concentration. In the main 
Tables I and II are self explanatory. Atten- 
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tion should be directed to column 9 in Table I, 
headed S^, which indicates the "safe tracer con- 
centration” that is, the number of /ic per kg of 
tissue weight which will result in a whole tissue 
dose of 0.1 r the first day, due to the beta rays 
alone. (The gamma ray contribution will be 
discussed below.) In the case of a short-lived 
element, the dose on succeeding days will quickly 
decrease to the vanishing point, while for long- 
lived substances it will continue at an appreciable 
level for some time. This criterion of "safe 
dose" is decidedly conservative. One might pre- 
fer to choose such a level as 1 r in 10 days or 
some other value based on a longer period of 
time. This might avoid complications due to 
various half lives. However, the present famil- 
iar idea of safety is based on daily dose; hence 
that has been used here. It is not to be assumed 
that larger tracer doses should never be adminis- 
tered. It is sometimes entirely justifiable to use 
considerably higher doses in diagnostic problems. 

Distribution of the Radiation in Tissue. The 
physical data presented enable the experimenter 
to calculate the actual dose delivered to a tissue 



Fig. 1. Radiation Dosage Due to the Beta Ray 
A crmTV of P“ in Different Tissues in Mice 
AS A Function of Time 

The points marked on the right margin are the actual 
tissue doses obtained by extrapolation to infinite time. 
Theoretical whole animal dose equals times the number 
of microcuries administered divided by the total weight 
of the animal. 


or individual whenever the isotope concentra- 
tion C is known as a function of time. This 
depends on the amount of isotope administered, 
the species and metabolic state of the test 
animal, the mode of administration, the chemical 
form under which the radioelemcnt is given, etc. 

Physiological information of this nature is 
of great importance; the literature shows that 
a good deal of animal work has been done on 
the relative uptake of various isotopes by dif- 
ferent tissues at different times. As an e.xample, 
in Figure 1 are shown the relative radiation 
doses delivered in dilTercnt tissues in mice in- 
jected intraperitoneally with P^- in the form of 
Na 2 HP 04 . The animals were sacrificed at vari- 
ous times after the administration of the ma- 
terial, and the concentration of P^- was deter- 
mined for the various tissues and organs. By 
adding graphically the daily doses as expressed 
by equation II it was possible to calculate the 
dose of radiation received by each tissue as a 
function of time (3). Similar calculations were 
made for the whole body assuming uniform 
distribution. The "theoretical” whole animal 
dose^ after complete disintegration of the isotope 
was taken as 100 per cent, and all other tissue 
doses referred to this value. Thus at the end of 
three weeks, 64 per cent of the theoretical com- 
plete dose had been delivered; but all tissues 
tested, except the bone, had received already 
practically all their radiation because most P^“ 
had disappeared. The liver, for example, had 
received about 33 per cent of the theoretical 
uniform dose. At that time the bone had re- 
ceived 39 per cent; but in the bone the dosage 
increased to 48 per cent at the end of 36 days. 

No tissue actually attained the theoretical 
dose or would have attained it after longer 
periods of time because of biological elimination. 
From the curves, the actual tissue dosage per 
fic of P®2 thus administered in a mouse of 25 
grams can now be calculated. The total animal 
concentration would be 0.04 /xc per gram and the 
"theoretical” total animal dose X 0.04 

= 885 X 0.04 = 35.4 e.r. (K^ from Table I). 
The liver, then, at the end of three weeks would 

‘ By “theorelical" whole animal dose is meant the dose 
D^ which would have been obtained in the animal after 
complete disintegration of the isotope on the assumption of 
uniform concentration in the animal and of total lack of 
biological elimination. 
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have received 33 per cent of this value or 12 r; 
similarly the bone at 36 days would have had 
0.48 X 35.4 = 17 r. 

It is recognized that with in mice these 
determinations are not as accurate as one would 
wish because the linear dimensions of most or- 
gans are smaller than the range of a consider- 
able portion of the beta particles emitted by P’’. 
Similar information in larger animals would 
yield more reliable figures. Conversely this type 
of calculation would be fairly accurate even in 
a small animal, as the mouse, if soft beta ray 
emitters (H®, C“, S”, etc.) were used. 

When working with humans it is not possible 
in general to study concentrations throughout 
the body and their variations with time by in 
vivo measurements; the extreme concentration 
of iodine in the thyroid is an exception. For 
most isotopes information must be obtained from 
biopsy and autopsy measurements and hence the 
data are meager; moreover they are scattered 
through various publications which were often 
not prepared with this point in mind. Accord- 
ingly it has happened too often that the pub- 
lished results lack some essential fact, such as 
the actual weight of the individual. It is to be 
hoped that more of this information will be 
forthcoming. In the meanwhile, it is wise to 
adopt a conservative attitude in dealing with 
humans whenever physiological information is 
lacking. This can be done by assuming that 
no biological elimination takes place. 

Differential Absorption Ratio. To take into 
account the differences in uptake which lead to 
differences in dose for the various tissues, it is 
convenient to express the concentration in terms 
of a “differential absorption ratio” (D.A.R.). 
For any tissue, this is the ratio of concentration 
of an isotope in that tissue to the average con- 
centration in the body (neglecting excretion). 
Thus under the assumption just made if a par- 
ticular tissue has a D.A.R. of 1, it receives the 
same dose of radiation as the average of the 
whole body. On the other hand, if it has a 
D.A.R. of 10, it receives ten times as much 
radiation as the average. 

In calculating the safe doses for tracers, it is 
highly desirable to have some idea of the range 
of the D.A.R.'s. The safe dose is assumed to 
be 0.1 per day for the entire body; if a certain 


tissue has a D.A.R. of 10, it would have received 
1 r while the rest of the body received 0.1 r. 
This might lead to undesirable irradiation of 
certain tissues or organs from a dose believed 
safe otherwise. 

The procedure outlined above needs clarifica- 
tion. In general, single tissues and the whole 
body have different rates and modes of elimina- 
tion; hence the tissue D.A.R. will vary with 
time. The question then arises as to the time 
at which D.A.R.’s have significance in determina- 
tion of tissue dosage. Evidently the D.A.R. 
will be too low when taken too soon after the 
isotope administration because the concentra- 
tions have not yet stabilized. Likewise adoption 
of the D.A.R. after several half lives will have 
little or no significance because most of the 
isotope has disintegrated. One useful index, 
whenever the isotope reaches the body tissues 
through the circulatory system, could be the 
stabilization of the plasma concentration. No 
general rule, however, can be given and good 
judgment is of paramount importance. 

Effective Half Life, In instances of extreme 
concentrations as in the case of radioiodine 
administered to humans in the form of KI or 
Nal, greater accuracy can be obtained. It will 
be noted that the formula I for the dose, D^, 
contains the half life of the element. If the 
amount of iodine in the gland decreases both by 
decay and by excretion, the effective half life will 
be less than the physical. Such effects can be 
determined only by actual measurements. In 
this particular problem, counts are made at 
intervals with a Geiger counter in a fixed position 
over the thyroid gland. If there were no excre- 
tion of the material from the gland, these counts 
should decrease exactly in accordance with the 
physical decay curve for the iodine; that is, for 
P’* they should be at half their initial value 
after eight days, one-fourth at 16 days, etc. 
Actually, they decrease exponentially but more 
rapidly, half lives as short as t\vo days having 
been encountered in practice. It is evident that 
the use of this number instead of 8 in equation I 
results in a decrease of 75 per cent in the ad- 
ministered dose, an amount which is clinically 
significant in therapeutic work. It would be 
now possible to calculate from formula I the 
dose delivered under normal conditions if the 
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initial concentration C were known. This can 
be determined either by actual biopsy or 
“guessed” by estimate of the gland weight and 
measurements of the radioactive content of the 
gland by proper in vivo observations. 

It is evident from Table I that the actual 
amounts of the safe concentrations in tissue do 
not vary very greatly; it must be realized that 
the intervals at which they can be repeated do. 
A reasonable interval between full tracer doses 
of any particular element would be four or five 
half lives, unless the material has been shown to 
be excreted fairly completely in a shorter period. 
If no significant excretion occurs, a tracer of Na^^ 
could be repeated within about three days, while 
P®* should not be repeated in less than about 
two months, and Ca^® not before two years have 
elapsed. 

It should be mentioned in this connection that 
the safe doses listed here are calculated on the 
assumption that the individual is receiving no 
radiation from any other source. Extensive 
radiographic or fluoroscopic procedures may re- 
sult in an appreciable dose of radiation, and such 
possibilities must not be overlooked. 

TRACER ISOTOPES — EXAMPLES 

In order to illustrate the use of the material 
presented in this paper sample calculations will 
be given for some isotopes commonly used in 
tracer experiments and in therapy. These will 
be presented in order of the complexity of their 
spectra. 

Radioactive phosphorus — — (Beta particles only) 

If the isotope were evenly distributed through- 
out the body and no elimination took place the 
values of Table I would be directly applicable. 
Thus, if 2.4 ptc per kg gives a dose of 0.1 e.r., an 
initial radiation dose of d e.r. per day will require 
a concentration x /xc per kg such that 

2.4;0.1 = x;d, 

namely: 

X = 2.4d/0.1 = 24d juc per kg. 

If a total radiation dose D(j (e.r.) is to be given 
to a tissue, the concentration in that tissue 
should be such that 

Dp = K^C or C = D/885 }xz per gram. 

As already mentioned, the most exhaustive 


information on the distribution of this isotope in 
mice (3) shows that the highest radiation dose is 
given to bone, followed in order by spleen, liver, 
kidney, muscle and blood. In general, the 
limited information on adult humans obtained 
for the major part from autopsies of leukemic 
patients (4-9) , does not contradict the results in 
mice, provided that only non-infiltrated tissue 
obtained from patients given single doses of P®- 
be taken into consideration. Limited data on 
non-irradiated surgical material are also avail- 
able (10). The most reliable D.A.R.’s on bone 
are of the order of unity though wide variations 
are noted not only among individuals but also 
among portions of the same bone (5, 10). The 
absolute value of the D.A.R.’s for human bone 
— as in the case of mice — seems to bear no de- 
tectable relation to the time elapsed between 
administration and assay; this points to a slow 
“net” elimination of from bone. 

The highest D.A.R. reported on human mar- 
row (7, 10) devoid of letikemic infiltration can 
also be taken of the order of unity for the first 
few days following P®^ administration. Data on 
sternal aspiration (7), however, are decidedly 
lower, being much closer to that of blood. The 
latter in humans receives “apparent” doses of 
the order of 20 per cent of the theoretical Avhole 
body dose (11). It seems therefore that doses 
of the order of 2.4 fxc per kg of body weight can 
be safely administered, though they may produce 
wholly transitory but definite biological effects, 
such as those reported by Low-Beer and Tread- 
well (12) for concentrations of 6-9 ;uc per kg of 
body weight. 

If P®^ is administered intravenously in in- 
soluble form the deposition in the liver and spleen 
is likely to be very marked (13). The authors 
report 80-89 per cent in the liver (dog and 
mouse); if this were to obtain in humans the 
D.A.R. would be: 

fxc in liver 

D A R = Jjver weight ^ 0.89 X 70 _ - 

nc administered 1.7 ' ’ 

body weight 

1.7 kg being the weight of the average human liver (14). 
In this case the maximum permissible concentration would 
be 

2.4/36.7 = 0.066 uc per kg of body weight 

or a total tracer dose of 0.066 X 70 = 4.6 /jc of P“ for a 
70 kg man. 
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Radioactive strontium — 5r ®^ — {beta particles only) 

Work on animals (15) indicates that this iso- 
tope is highly concentrated in the bone. Human 
material has been reported by Treadwell et al. 
(16) following intravenous injections. Th^r 
data point to a maximum D.A.R. in the epi- 
physis of bone of 13.2, and an unweighted aver- 
age of 8.3 for bone, mostly in young subjects. 
A trend of D.A.R. change with time is not 
apparent. On the basis of this, the tolerance 
concentration would be, since 5^ = 3 /ic per kg, 

Sp/8.3 = 3/8.3 = 0.4 pc per kg of body weight. 

Radioactive calcium — Ca*^ — {beta particles only) 

The relative concentrations of this isotope in 
human tissue have not been reported to date. 
Work on mice shows that the D.A.R. for Ca in 
animal bone is approximately tAvice that for 
Sr (15). Hence, if this ratio holds also for 
humans one should expect a D.A.R. of about 
8.3 X 2 = 16.6. 

It follows from Table I that the tolerance 
concentration would be, since 5^ = 16 pc per kg, 

16.0/16.6 ~ 1.0 pc per kg of body weight. 

It should be noted that if calcium were deposited 
exclusively in the human skeleton and the dis- 
tribution were uniform the D.A.R. would be 
10 (weight of skeleton = 10 per cent of body 
weight); nevertheless, the most active parts of 
the bone concentrate it more and hence the 
higher value adopted is not unreasonable. 

Radioactive sodium- — NcP-^ — {beta and gamma 
radiation) 

This isotope of sodium, administered orally 
or intravenously, is eliminated in very small 
amounts during times comparable to its half life. 
Since it is distributed rather uniformly through- 
out the body (17, 18), computation of beta ray 
dosage can be made on the basis of D.A.R. = 1. 
The factor of Table I can be applied directly 
in the case of small animals where the beta rays 
account for most of the radiation dose, the factor 
g in the gamma ray formula being very small. 
For larger animals and humans, hoAvever, the 
gamma ray contribution cannot be neglected. 
In this case dosage calculations become more 
involved. 


As pointed out above the contribution of gamma rays 
to the daily tissue dose is 

dy = C^Kfag roentgens where 
C = concentration in pc per gram of tissue 
Ky = roentgens at 1 cm per pcd 
fd = fraction of atoms destroyed in one day 
g = geometrical factor which is a function of the size 
and shape of the tissue volume and the penetra- 
tion of the radiation. 

For purposes of calculation one may assume that the 
human trunk is a cylinder of radius R = 20 cm and height 
2Z = 60 cm, and that C is constant throughout. Under 
these conditions the highest dose is delivered at the mid- 
point of the axis and g can be expressed with sufficient 
approximation (1 ) as g = 314-4140 p where p is the absorp- 
tion coefficient of the gamma rays in tissue. For the 
gamma rays from sodium (see Table II) the values of p 
are 0.0296 and 0.0233 per cm, respectively. An average 
P = 0.025 may be assumed for the present calculation and 
hence g = 210.5. Substituting for Ky and fa the values 
from Table II, one obtains: 

dy = 0.40 X 0.68 X 210.5 C = 58.0 C r per day at the 
center of the trunk if C is given in pc per gram of tissue. 
Similarly (Table I): 

dp = 29 X 0.68 X C = 19.7 C e.r. per day if C is given 
in pc per gram of tissue. 

Hence the total dose for the first day is dp+y = 77.7 C. 
The total dose D/j+y can be obtained from this figure. 
Since 68 per cent of the atoms disintegrate during the first 
day, 77.7 C is 68 per cent of the total dose. Hence the 
latter is: 

Dp+y = ^ X 77.7 = 114 C e.r. 

For the tolerance dose of 0.1 r per day, 

= jj^ = 0.0013 pc per gram 
or 1.3 pc per kg of body weight. 


Radioactive sodium — Na?'‘ — {beta and gamma 
radiation) 


The computation of tolerance dose follows 
closely that illustrated for Na^^ except for the 
numerical values involved. Thus, Ky = 500; 
fd = 6.3 X 10-^; g = (314 - 4140 X 0.032) 
= 181, since p can be considered to be 0.032 for 
the purpose of this approximation. 


Hence, 

dy = 500 X 6.3 X 10-* X 181 = 57 C at the center of 
the trunk and 

dp = 22,000 X 6.3 X 10“* X C = 14 C 
dp+y = 71C e.r. per day if C is in pc per gram of tissue 
Bp^ = 11.3 X 10' C e.r. 


Sd+y = yr = 0.0014 pc per gram = 1.4 pc per kg of tissue 


or body weight since C is considered constant 
throughout the body. 
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This dose (D/j+y) would be delivered over a 
period of years if there were no excretion of the 
sodium. However, experimentally the material 
has a physiological (or effective) half life of the 
order of one month or less, in normals and in 
individuals with congestive heart failure (19). 
In these cases the actual is nearer to 

3,000 C. For nephrotics excretion is very much 
slower, and the dose of radiation would be cor- 
respondingly larger. 

These two sodium isotopes offer a good illus- 
tration of the point made above regarding the 
repetition of tracer doses. Although the doses 
of the two isotopes which will give 0.1 e.r. the 
first day are essentially the same, the total dose 
from this amount of Na^^ may be repeated much 
sooner. 

Radioactive potassium — — {beta and gamma 
radiation) 

Under the same assumptions of distribution 
and elimination as in the case of Na^^, 

Ky = 0.0348, fd = 0.739 and g = 198 
dy = 0.03S X 0.74 X 198 X C = S.2 C at the center of 
the trunk, dp = 63 X 0.74 X C = 46.5 C 

hence 

dfl+y = 51.7 X C e.r. per day (C in a«c per gram) 

Dp+y = 70 C e.r. 

and finally 

Sp+y = = 1.9 pc per kg of body weight. 

Radioactive iodine — — {beta and gamma radia- 
tioii) 

The distribution of radioiodine in the body is 
characterized by a high and relatively stable dep- 
osition in normal thyroid tissue and a low con- 
centration in the rest of the body. 

Assays in rabbits and rats (20) show that at 
various times after administration of iodide, 
most known radiosensitive tissues show average 
concentrations of the isotope close to that of 
blood. Unfortunately no information is avail- 
able for the marrow. The concentration in 
thyroid tissue, however, is so markedly different 
from the rest of the body that the dosage problem 
assumes different aspects according to whether 
tracer studies or radical therapeutic procedures 
are contemplated. Full discussion of the latter 
is outside the scope of the present paper (21, 22). 


In the case of tracer studies it is of interest to 
calculate the dose to the thyroid itself, since it 
is very unlikely that the radiosensitivity of any 
other tissue in the body is such as to overcome 
the very large thyroid D.A.R. From Table I 
the beta ray daily dose is readily calculated. 

dp = 12.4 X 0.73 X C = 9.1 C 

For the calculation of Dy, from Table II Ky = 0.237; 
fd = 0.73. The geometrical factor g is very different from 
the cases of sodium and potassium in which the whole 
body dosage was considered. The usual gland (about 
25 grams) can be represented by two separate spheres of 
radius equal to only 1.4 cm and, for this calculation, we 
may neglect the influence of the radiation from one lobe 

on the other. In this case g = — ^ ~ 4:rR 

p 

= 17.6 since pR is very small. It follows that 
dy = 0.237 X 0.73 X 17.6 = 3.0 C 

at the center of the lobe. Hence 

d/3+7 ~ (3.0 -f- 9.1) C e.r. per day, C being in pc per 
gram of thyroid weight. 

Dp+y = 16.6 C e.r. and Sp+y = 0.1/12.1 = 0.0083 pc per 
gram of thyroid weight. For a 25 gram thyroid this would 
mean 0.0083 X 25 — 0.2 pc of I'“. 

Radioactive iodine — P ®* — {beta and gamma radi- 
ation) 

Following the same pattern used for P* 

dp = 127 X 0.08 X C = 10.5 C 

and dy = 0.66 X 0.083 X 17.6 ~ 1.0 C at the center of 
the lobe; hence 

dp+y = 11.5 C e.r. per day if C is in pc per gram of 
thyroid weight. 

Dp+y = 139 C e.r. (if there is no elimination). 

As to the tolerance dose, Sp+y = 0.1/11.5 = 0.0087 pc per 
gram of thyroid; for the whole gland (25 grams) this would 
mean 0.22 pc of I”*. 

These doses, which deliver 0.1 r to the gland 
and less than one per thousand of this to the 
entire body, are obviously well below the ac- 
cepted tolerance dose to the whole body. The^'" 
correspond to oral or intravenous administra- 
tion of 0.2 to 2 pc per patient (to account for 
excretions of 10 to 90 per cent), and are sufficient 
for excretion studies as well as for assay of sur- 
gical biopsy material. They are, however, in- 
sufficient for radioautography with thin tissue 
sections, for extended studies of blood concen- 
trations and for in vivo investigations of iodine 
retention by thyroid tissue by means of external 
detectors except, possibly, when scintillation 
counters are used. 
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Studies on blood concentration and in vivo 
measurements would require doses of the order 
of five to 20 times those calculated (thyroid 
doses of 4 to 15 e.r. in about three weeks, if P’* 
is used, taking into account elimination by the 
organ, and only .4 to 1.5 e.r. in two days for 
P’“). Autoradiographic material can be ob- 
tained only with minimal concentrations of the 
order of several /xc per gram of thyroid tissue (23). 
It seems therefore that in benign conditions, 
doses permitting excretion and tissue assays, 
blood concentration and in vivo measurements 
can be expected to produce no untoward effects, 
since the radiation is limited for a relatively 
short time to a very small part of the body 
which is not particularly radiosensitive. How- 
ever, in the case of radioautographs, when radia- 
tion therapy or total thyroidectomy is not con- 
templated, every effort should be made to obtain 
them with the fastest film and low photographic 
density (23). 

At this point it is well to consider that when 
tracer studies are to be carried out once or a few 
times on an individual, for diagnostic purposes, 
the physician may legitimately employ doses 
considerably in excess of those giving only the 
radiation permitted for continuous exposure. 
The diagnostic radiologist does not hesitate to 
give local exposures of several roentgens, and 
to repeat these at need. The justifiable dose 
in such cases must be determined by the clinician 
responsible for the patient. 

The above examples illustrate the fact that 
no general statement can be made regarding the 
relative importance of the beta and gamma ray 
contributions to dosage. In the first place, the 
relative amount of energy emitted in the form 
of beta and gamma rays varies from one isotope 
to another. Also the geometrical factor g, which 
is a function of both penetration of radiation and 
size of organ, is likely to vary tremendously with 
the problem, as in the cases of sodium and iodine. 

MISCELLANEOUS FORMULAE 

The weighl of one millicurie of carrier free isotope can be 
readily calculated by noting that the weight of an atom of 
an element of atomic weight A is (A/N) X 10’ mg where 
N = 6.02 X 10”, Avogadro's number. Since 1 me of an 
isotope contains 1.44 X T X 3.7 X 10’ X 8.64 X 10’ atoms 
(T in days) it follows that the weight of 1 me = 1.44 X 3.7 
X 10’ X 8.64 X 10' X 10’ X A X T/6.02 X 10” = 7.65 


X 10~* X'T X A mg. Values derived from this formula 
for the various isotopes are presented in Table I, column 10. 

It seems of interest to close this paper with an illustra- 
tion of the weights of radioelements necessary to produce 
marked radiation effects. This can be done by the follow- 
ing considerations. In order to deliver 1 e.r. to a tissue 
by means of a beta ray emitting isotope a concentration C 
is required such that 

C = I/88E3T fic per gram of tissue. 

In terms of weight _ 

C = 7.6S X 10"” X 10-’ X A X T/88E3T = 8.7 X IQ-” 
A/Efi gram per gram of tissue. _ 

As an example, for P”, A = 32; E/5 = 0.7 Mev; hence 
for a lethal whole body dose of 1,000 r the concentration 
required is C = 8.7 X lO"” X 32 X IOVO.7 = 3.98 X 10“” 
gram per gram of body weight (a total of 0.28 ^ig for a 
70 kg man). Since phosphorus constitutes only 1.14 X 10“* 
of the weight of the human body (24) only one atom in 
2.85 X 10’ atoms of phosphorus need be replaced on the 
average to obtain such an effect, on the assumption that no 
elimination takes place. 

SUMMARY 

When radioactive isotopes are employed either 
as tracers or in therapy, it is important to be 
able to determine the radiation dosage. This 
cannot, in general, be measured, but when the 
half life, radiation energy, and biological uptake 
and excretion are known, it can be calculated. 

Since the basic information regarding radia- 
tion disintegration schemes and energies is scat- 
tered through many journals, it has been con- 
sidered desirable to collect pertinent data. Two 
extensive tables are presented, for beta and 
gamma rays respectively, giving half life, radia- 
tion average energy, fraction disintegrating per 
day, and specific dosage data, including the safe 
tracer concentration, for some 33 isotope ele- 
ments. 
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Artificially produced radioactive isotopes are 
distributed by the Atomic Energy Commission 
according to strict rules on account of the dangers 
inherent in the handling of such materials. Be- 
fore an individual can obtain radioisotopes, he 
has to present evidence that he possesses the 
knowledge, facilities and equipment to meet the 
minimum standards of safe handling. The Iso- 
topes Division in Oak Ridge, Tennessee, is anx- 
ious to help the users in matters of protection and 
makes available to them articles or pamphlets 
on this subject, as well as expert advice. It may 
be assumed, therefore, that the reader is familiar 
with recent publications on the subject or may get 
the available information by simply asking for it. 
Also, a comprehensive report on "Safe Handling 
of Radioactive Isotopes and Fission Products” 
is being prepared by the National Committee on 
Radiation Protection, and will soon be ready for 
distribution. Accordingly, in the present article 
no attempt will be made to cover the whole sub- 
ject, and in fact only a few topics will be discus- 
sed, which in the opinion of the writer deserve 
special emphasis. 

The mental attitude of the worker plays an ex- 
tremely important part in the problem of protec- 
tion. Most people who have received some cur- 
sory instruction, are very careful at the start. 
Sooner or later a minor "emergency” arises and 
the individual decides that it is necessary to dis- 
regard some rules. The “emergency” might con- 
sist simply in not having allowed enough time for 
the preparation of a sample to be used on a patient 
at a specified time. Perhaps the surgeon is wait- 
ing for the material in the operating room. To 
save time, the worker then goes through the nec- 
essary manipulations without using the protec- 
tion devices provided for the purpose. For some 
time thereafter, he might be a little apprehensive 
and think that perhaps he got too large an ex- 
posure. However, unless the exposure was really 
excessive, he cannot detect any ill effects from it 
and after a few such experiences he is apt to con- 
clude that the danger of overexposure has been 


exaggerated, or that perhaps he is particularly re- 
sistant to radiation. 

Every worker must be made to realize that 
radiation injury may not become apparent or 
serious for many years. This is true even in the 
case of a single exposure or a few exposures tak- 
ing place within a matter of weeks. Recently the 
writer heard of a case in England in which cancer 
of the skin developed 40 years after the patient had 
been treated with X-rays in the same region for 
another ailment. In numerous radiologists, and 
technicians, cancer of the skin of the hands has 
developed 15 to 25 years after they started to 
work with X-rays or radium, although the bulk 
of the exposure occurred during the first few years 
when the danger of radiation was not fully rea- 
lized. The individual worker simply has no way 
of telling what constitutes a safe exposure from 
his own experience. By the time that some tissue 
damage becomes evident to him, it may be too 
late to do anything about it and eventually serious 
injury or death may result. Therefore, each 
worker should accept the permissible limits of 
exposure set by competent authorities and should 
strive by all possible means to keep his exposure 
well below these limits at all times. 

In this connection it is well to point out that 
no matter how careful an individual may be, an 
occasional overexposure is apt to occur through 
some accident or through carelessness on some- 
body else’s part. If the person has maintained his 
exposure well below permissible limits, he is in a 
better position to escape injury if such overex- 
posures do occur through circumstances beyond 
his control. Furthermore, the worker should 
never exceed the permissible limits of exposure 
on the ground that after some definite date he will 
no longer work with radiation. Conditions may 
change and he maj' decide to continue working 
with radiation indefinite^. It is not good judg- 
ment to acquire a handicap needlessly. 

People with considerable knowledge of the sub- 
ject sometimes get in trouble by attempting to esti- 
mate the dosage rate in a region in which they are 
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anxious to work, on the spur of the moment and 
under great mental stress. It should be an in- 
alterable rule never to venture into a potentially 
dangerous region without first surveying it mitJi 
the proper kind of measuring instrument known 
by actual test to be in good working order. A re- 
gion in which there is a source of ionizing radia- 
tion must be considered to be potentially danger- 
ous, whether protective measures have been taken 
or not, until proven safe by proper measurements. 
In other words the worker must not decide that 
the protective measures are satisfactory by mere 
inspection, unless he is an expert in the field of 
protection. 

In this connection, some common pitfalls will be 
mentioned. Lead bricks are usually available in 
a radioactivity laboratory. With these, temporary 
protective barriers are built up. Sometimes a 
single barrier is placed between the source and the 
part of the room that it is desired to protect. This 
may or may not be sufficient depending on the 
strength of the source and the radiation it emits. 
The lead thickness may be ample for radiation 
passing through it but radiation emitted in other 
directions will strike walls, etc., and will be scat- 
tered all over the room. More often the container 
rests on the table and lead bricks are placed 
around it. Again radiation emitted in the direc- 
tion of the floor and towards the ceiling can be 
scattered throughout the room. It is always best 
to surround a gamma ray source with lead of suffi- 
cient thickness in all directions. When temporary 
barriers are set up, a radiation survey with an ap- 
propriate meter should be made to make sure that 
the dosage rate at all points of the working space 
is within permissible limits. Adjoining rooms 
should be surveyed too. 

In making a survey for scattered radiation in 
the case of a source not completely surrounded 
by lead, it should be remembered that the dosage 
rate may be highest in regions located at consider- 
able distances from the source. Thus all occupied 
space in the vicinity of a strong source should be 
surveyed. Ordinary survey instruments do not 
respond equally to radiation reaching them from 
different directions. Hence at any one point it is 
necessary to take readings with the instrument 
pointed in different directions to determine the 
maximum and to establish the cause in case addi- 
tional protection is needed. It should be remem- 


bered that floors and ceilings, as well as the walls, 
scatter radiation, and the instrument should be 
pointed downward and upward, too. 

The preceding discussion is specifically appli- 
cable to gamma ray sources. In the case of ma- 
terials emitting high energy beta rays (e.g., P’“) 
scattered radiations must also be taken into ac- 
count, In fact the danger of scattered beta radi- 
ation is more insidious because it is often un- 
suspected. Marked scattering of beta rays oc- 
curs in air, so the presence of solid bodies in the 
neighborhood of the source is not necessary to 
scatter beta rays into a region that might be as- 
sumed to be well protected. For example the 
beam of beta ra)'s emerging through the mouth of 
an uncapped bottle containing a P®- solution, is 
scattered far beyond its geometric confines. In 
fact some beta rays from the beam will reach 
practically every part of a small room. The dosage 
rate at any one point will depend on the amount 
of P®* in the bottle, and on other obvious factors. 
In making a radiation survey in this case it is im- 
perative to point the instrument in different di- 
rections because usually beta rays can enter the 
device only through one side, which is provided 
with a suitable window. 

When large amounts of beta ray emitting ma- 
terial are involved, it may be necessary to provide 
protection against the X-rays (“bremsstrahlen”), 
produced by the beta rays in the material itself and 
in the container. The production of these rays is 
the same as that of X-rays in an X-ray tube, when 
the electrons impinge on the target. As is well 
known the higher the atomic number of the target 
material, the higher the X-ray output. Similarly, 
P®- in a lead container would produce a much 
higher intensity of X-rays than when placed in a 
glass bottle. Therefore, in the case of pure beta 
ray sources, shielding is best accomplished by the 
use of low atomic number materials. (This is the 
opposite of gamma ray shielding.) 

It is generally assumed that isotopes emitting 
gamma rays are more dangerous to handle than 
pure beta emitters (from the point of view of ex- 
ternal irradiation). This is obviously true be- 
cause, for one thing, there is usually beta radiation 
of not negligible energy associated with the gamma 
rays. The main reason, however, is that in gen- 
eral the penetrating power of gamma rays is 
much greater than that of beta rays. Thus only 
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the superficial tissues of the body (to a depth 
of at most several millimeters) are irradiated by 
beta rays, whereas the entire body is traversed 
by gamma rays. In the case of external sources, 
eventual production of cancer of the skin and in- 
duction of leukemia constitute the principal haz- 
ards of exposure to ionizing radiation. With 
gamma rays both hazards are potentially present, 
whereas with beta rays (which do not penetrate 
to the blood forming organs) only cancer of the 
skin need be considered. Since leukemia is al- 
ways fatal but cancer of the skin can be cured in 
a large percentage of cases, it is obvious that ex- 
posure to gamma rays is by far the more danger- 
ous. However, this statement, wh^ch is true in 
general, must not be interpreted to mean that 
there is little danger involved in the handling of 
beta ray isotopes. 

At the present time most university or hospital 
laboratories handle rather small quantities of ra- 
dioactive isotopes. Reasonable care is exercised 
in storing these materials. Therefore, most of the 
exposure occurs in carrying out some manipula- 
tive procedure at close range with rather crude 
protective devices. Under such conditions the 
hands are exposed to much higher intensities of 
radiation than the rest of the body and the prin- 
cipal hazard is tissue damage in the hands that 
may lead to cancer of the skin later — no matter 
what kind of radiation is emitted by the material. 
In this respect and under existing conditions, there- 
fore, the external irradiation hazard is not so 
different in the two cases unshielded equal 
amounts of and I^^^) as might be supposed. 
Hence the importance of handling with great 
care also. There is an additional reason for doing 
so. Most workers handle more than one isotope and 
the total exposure of the hands from all sources 
must be considered. In the case of beta ray iso- 
topes it is relatively simple to provide, or even 
improvise, handling devices that reduce the ex- 
posure of the hands to a low level, because the 
radiation can be completely stopped by light 
shields. It is, therefore, advantageous to do so, 
since then exposure to gamma rays (for which 
adequate protection is more difficult to provide) 
can be correspondingly greater. 

The importance of taking great precautions in 
the handling of beta raj' sources can be brought out 
best by numerical examples. The data given in 


TABLE I 

Dosage rates at different perpendicular distances from the 
surfaces of two radioactive preparations 


Distance 

from 

surface 

10 me P« 
solution 
in 10 cm’ 
dish 

(see text) 

10 mg Ra tube 
applicator 
(gamma rays 
only) 

(see text) 

Ratio 

P»/Ra 

cm 

e.rjhr 

rjkr 


0 

740 

450 

1.65 

1 

300 

41.6 

7.2 

2 

112 

14.4 

7.8 

5 

31.1 

2.77 

11.2 

10 

9.94 

0.785 

12.7 

25 

1.80 

0.131 

13.8 

50 1 

0.43 

0.033 

13.0 

100 

0.084 

0.0083 

10.1 


Table I will serve this purpose well in that com- 
parison can be made with the more familiar prob- 
lem of radium protection. First it is necessary 
to explain briefly how the data were obtained.’^ 
The dosage rate at the surface of the P®^ solution 
(740 e.r./hr -) was determined by means of an 
extrapolation ionization chamber in which one 
electrode was the solution itself. By subsidiary 
experiments, a correction factor was determined 
to reduce the readings to what they would have 
been, had both electrodes been made of water. 
(The amount of phosphate in the P®- solution 
was entirely negligible.) The results are expressed 
in terms of the number of ion pairs produced per 
gram of air divided by the number of ion pairs 
corresponding to one roentgen, that is, 1.62 X 
10'^ per gram of air. This then is the e.r. as used 
here. 

It should be noted that 740 e.r./hr is the dosage 
rate at the surface of the solution when it is in con- 
tact with the body {e.g., the hand or even a finger). 

Details of the experiments and additional data will be 
published in the near future by the writer and Mr. 
Norman Baily. 

® In the absence of an internationally accepted unit of 
quantity of radiation applicable to all types of ionizing 
radiations, different authors have defined units such as 
the "equivalent roentgen” (e.r.), the "roentgen equivalent 
physical” (rep), etc., for dosage purposes. There is some 
confusion at present as to the definitions and magnitudes 
of these units, because different effects have been used 
to establish the “equivalence” with the roentgen. Some- 
times the equivalence is based on the number of ion pairs 
produced per gram of air, at other times on the energy 
absorbed per gram of air or per gram of tissue. The 
difference in magnitude of these units is roughly 10-15%, 
depending on which ones are compared. The meaning of 
the e.r. as used here is explained in the text. 
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because the contribution of back-scattered beta 
rays was purposely included in the measurements. 
The dosage rates at different distances from the 
source were measured with an extrapolation 
chamber in which the front electrode (graphited 
nylon film) had an equivalent thickness of 1,5 mg/ 
cm^. The back electrode of thick polystyrene 
provided essentially the same back scattering as 
soft tissue. Accordingly, the figures represent the 
dosage rates that would obtain at the surface of 
the skin at the different distances from the 
source. In the case of the radium tube the dosage 
rate at the surface was determined by measure- 
ment with a cylindrical extrapolation chamber (1). 
The other values were calculated and do not in- 
clude back scattering, which, however, is negligible 
for short distances. 

The dosage rates given in the table are for the 
following sources: (1) Platinum tube containing 
10 mg (10 me) of radium, with a wall thickness 
of 0.5 mm and an active length of 12-14 mm, en- 
closed in a plastic sleeve having an outside diam- 
eter of 6,34 mm (i/4 inch). (2) “Thick” source 
consisting of 10 me of P®^ in water solution in a 
polystyrene dish with an area of 10 cm^ and a 
depth of 1 cm (10 cc). 

It is evident at a glance that the dosage rates 
for both sources are very high at short distances. 
A finger in contact with the surface of the P®^ 
solution would receive 740 e.r. in one hour, 12.3 
e.r. in one minute, or 0.205 e.r. in one second. 
A finger in contact with the radium applicator 
would receive about two-thirds of this dose in the 
same time. In comparing the values for the P®^ 
solution and the radium applicator, the most 
striking thing is that the dosage rate produced by 
the former shows a marked increase relative 
to the radium applicator dosage rate, as the dis- 
tance increases to 25 and even 50 cm. At a dis- 
tance of 1 cm it is already 7.2 times greater than 
that of the radium tube and at 25 cm it is 13,8 times 
greater. This means that at a distance of 25 cm 
directly over the 10 me T^- solution, the surjace of 
the hand would receive, in a given time, the same 
amount of radiation that 138 mg of filtered radium 
would deliver at the same distance and in the same 
time. In other words, at this distance and insofar 
as the sni'facc of the shin is concerned, the 10 me 
P’- solution is “equivalent” to 138 mg of filtered 
radium. At 100 cm distance it is equivalent to 101 


mg of filtered radium. This shows dearly that 
distance is less effective in decreasing the dosage 
rate of high energy beta ray sources than in the 
case of penetrating gamma rays. It will be seen 
further that the dosage rate is quite high even at 
a distance of 100 cm from 10 me of P'”’- as a thick 
source — in which case most of the radiation is ab- 
sorbed within the source itself. If the same 
amount of P®- had been evaporated to dryness in 
the same dish, the dosage rates for all distances 
would have been much higher.® Therefore it is 
more dangerous to handle P®® as a thin dry film 
or deposit than as a thick source of dimensions 
comparable to the maximum range of the beta 
rays. It should be noted in this connection that 
radium in the form of a pure salt or in solution 
is very dangerous (more so than P®®), because of 
the large amount of high energy beta radiation 
which it liberates in addition to the gamma rays.^ 
The comparison is made here with sources such 
as are commonly used in radiological practice. 

It is important at this point to reiterate that the 
dosage rates given in Table I relate only to the 
surface of the skin. They are directly applicable 
to the problem of protecting the skin but they give 
an exaggerated picture of the radiation hazard as a 
whole. The comparison with the gamma ray dos- 
age rates of the radium applicator is particularly 
misleading in this respect. It was made in order to 
emphasize the importance of protection in the 
handling of P®® in hospital laboratories where fa- 
miliarity with the handling of filtered radium 
might well lead to overexposure of the hands. 
One who has handled radium applicators for years 
might not realize that the skin of the hand would 
get very much more radiation from P®® sources of 
equal millicurie content. However, the overall 
danger is much greater in the case of radium be- 
cause the gamma rays penetrate the whole body 
and can cause damage, with much more serious 
possible complications (leukemia). The most 
energetic beta rays of P®® are completely absorbed 
in 8 mm of tissue, and 2 mm of tissue reduce the 

s Experimental data obtained under these conditions 
will be published later. 

^It is well known that radium taken into the body is 
much more dangerous than In the present discus- 

sion only the danger of irradiation by external sources 
is being considered. 
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dosage rate of a thick P®- source in contact with 
the skin to about 10%. 

Mention has already been made that in making 
a radiation survey in a laboratory, the proper kind 
of instrument should be used. This is particu- 
larly true in the case of beta rays. Since the main 
concern is the dose received by the skin, the in- 
strument should be capable of measuring this 
quantity. At present, ionization chambers are 
best for this purpose. Obviously the window that 
admits the radiation into the chamber must be 
very thin.® The walls of the chamber should be 
made of, or lined with, organic material in order 
that the contribution of scattered beta rays to the 
ionization current be essentially the same as that 
of living tissue. The thickness of this material 
should be sufficient to provide the maximum back 
scatter. One-half the range of the fastest beta rays 
to be measured, or approximately % inch, is ample. 
It is desirable to make the chamber small and 
particularly shallow so that the readings would be 
representative of the dosage rate at the point of 
reference. Unfortunately, in the usual survey 
meters, large chambers are used to provide cur- 
rents readily measurable by portable instruments. 
The calibration of these meters then presents a 

® The cells at the surface of the skin to a depth of 
perhaps 7 mg/cin^ are considered to be non-reactive to 
reasonably large doses of radiation since they are practi- 
cally "dead.” A window of this thickness is satisfactory 
to determine the dosage rate at the depth of the pre- 
sumably radiosensitive skin cells, when the ionization 
chamber is properly designed in other respects. 


major problem. As a matter of fact, no such in- 
strument can possibly read beta ray dosage rates 
correctly for all isotopes, all distances, and all 
shapes and sizes of source. The data of Table I 
may be used to advantage in calibrating beta ray 
survey meters for sources similar to that de- 
scribed here and at various distances. It should 
be noted in this connection that the area of the 
source influences the reading considerably. Thus, 
maintaining both the depth of solution ( 1 cm) and 
the concentration (mc/cc) constant, the dosage 
rate at distances of 10 to 100 cm will increase ap- 
proximately in proportion to the surface area, 
when the area is varied from 10 to 40 cm^. 

Time does not permit discussion of other topics. 
It may be well to state, however, that the National 
Committee on Radiation Protection has revised 
the permissible limits of exposure to ionizing radi- 
ation. The new values, of interest in the present 
connection, that will soon be recommended form- 
ally are: (1) For whole body exposure to X- or 
gamma rays up to three million volts, 0.3 r per 
week measured in air. (2) For local exposure 
essentially limited to the hands only, 1.5 r per 
week or 1.5 rep per week in the case of beta rays, 
in both cases measured at the basal layer of the 
epidermis, which in general may be assumed to be 
at a depth of 7 mg/cm^ below the surface of the 
skin. 
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BIOLOGICAL HAZARDS AND TOXICITY OF RADIOACTIVE 
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Clinical use of radioisotopes requires careful con- 
sideration of their human toxicity, both from the 
standpoint of the patient and from that of the indi- 
viduals who must handle the isotopes before admin- 
istration and the excreta afterwards. One must 
take into account not only the possibility of acute 
overdosage but also the potentially serious end-re- 
sults of the fixation in the body of isotopes, particu- 
larly those of long half-life, which may lead to 
chronic radioelement poisoning. 

Such information as we have regarding radio- 
isotope toxicity is largely indirect. Knowledge of 
the physical characteristics of the radiation emitted 
by an isotope, combined with information regard- 
ing its metabolic fate, enables us to make approxi- 
mate calculations of tissue dosage. The patho- 
logic effects of a given tissue dosage have been 
ascertained only in a few instances, using experi- 
mental animals ; in other' instances pathologic con- 
sequences of isotope administration are described 
but the exact tissue dosage has not been estab- 
lished. Translation of these results to man has 
been attainable only in the case of radium, where 
it is known that malignant tumors have occurred 
in individuals harboring less than one-hundredth 
the tissue concentration necessary to produce com- 
parable results in experimental animals. Yet the 
catastrophic consequences of radium absorption in 
a relatively small number of exposed human sub- 
jects have resulted in a wholly justifiable conserva- 
tism in our attitude towards human exposure to 
other radioelements. 

Units and Dosage Calculations 

In the case of external X or gamma radiation, the 
roentgen (r) is a well-established unit having an exact 
physical meaning based on the measurement of ion con- 
centration in air. It has the dimensions of energy per 
unit of mass, and is approximately 83 ergs per gram of 
air. From this has been derived the rep (roentgen 
equivalent physical) or e.r. (equivalent roentgen), de- 
scribing the amount of alpha or beta radiation causing 
equivalent energj’ release. Energy release in soft tissue 
is approximately (but not exactly) the same as in air 
on a mass basis. 


In the case of alpha radiation, it is known that the bio- 
logical effectiveness differs from that predictable from the 
roentgen equivalence. This is due to the increased local 
density of ionization along the alpha ray track. The 
consequences of this vary (1) but in the case of toxicity 
to the higher animals the alpha rays are five to ten times 
as effective as beta rays yielding equivalent energy.^ 
Parker (2) has introduced the unit “rem” to signify 
equivalence to the roentgen unit in terms of mammalian 
toxicity. 

Computation of tissue dosage is most readily made in 
the case of a mass of tissue infinitely large with respect 
to the radiation, and with the isotope distributed homo- 
geneously therein. The dosage is then given by the 
familiar formula. 

rep/day = 60 XEm X C (3) 

where C = concentration of isotope in Ac/g or mcAg. 
and Em is the mean energy of the radiation in million 
electron volts. The mean energy of beta rays from the 
common isotopes is not always precisely known, but one- 
third of the maximum energy serves as a fair approxi- 
mation. 

Where the surface of such a mass of tissue approxi- 
mates a plane, the dosage at the surface will obviously 
be one-half of that calculated above ; this situation 
applies to the beta radiation at the surface of a thyroid 
containing radioiodine.’ Beta dosage from other sources 
which may be defined in simple geometry can be cal- 
culated only in so far as the beta ray spectrum is 
clearly defined ; the author has attempted to do this 
in relation to mitotic changes around a point source 
in tissue (4) . Further discussion of tissue dosage will be 
found in the paper in this issue by Marinelli (5). 

Nature of Isotope Toxicity 

The toxicity of an isotope given in high dosage 
may manifest itself as an acute reaction resembling 
acute radiation sickness. This will occur in its 
purest form where the tissue radiation is homo- 
geneous throughout the body and approaches the 
lethal dosage (which, for man, is in the vicinity of 
500 r in the case of a single exposure to X-rays), 
This syndrome {6,7) is a complicated one depend- 
ing in part on the destruction of the more radio- 
sensitive cells (particularly of the blood-forming 

^ It is possible that the weak beta emitter, tritium 
(H^) will fall in the same category as the alpha ray 
emitters, due to density of ionization in the very short 
path of the beta ray. 
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organs) and on the release of heparinoid sub- 
stances into the blood (8). Administration of the 
short-lived Na"^, which equilibrates with the body 
sodium, may be expected to elicit the syndrome of 
total-body radiation. It is of interest that the con- 
sequences of injecting a pure bone-seeking iso- 
tope (as Sr®") in high dosage are quite similar 
(6), suggesting that bone marrow radiation may 
be a large component in the acute radiation syn- 
drome. The relative resistance of the mouse to 
acute radiation anemia following Sr®" administra- 
tion may be attributable to the tendency of this 
species to develop ectopic myelopoiesis in the 
spleen (9) . P®", because of its tissue distribution, 
may be expected to approximate the pattern of 
the acute radiation syndrome. 

Subacute radiation reactions occur where ex- 
ternal X or gamma radiation is given intermit- 
tently or continuously over a long period, or 
where an isotope of sufficient half-life is retained 
in high dosage. In its pure form, aplastic anemia 
is the predominant feature (6) . Other effects may 
occur where the tissue distribution creates a spec- 
ial case. The most carefully studied instance is 
that of the radioelements which occur in high con- 
centration in the liver. Here, after several weeks, 
necrosis, cell damage, hyperplasia and fibrosis oc- 
cur and lead to hepatic insufficiency. Where mice 
or rats have been injected with radiocerium, the 
thin edge of the liver, in which radiation dosage is 
relatively small, may undergo hypertrophy while 
the bulk of the liver shows necrotic changes. 

It is the nature of late or chronic radiation 
changes which sets the limits of permissible ex- 
posure. The chronic insult of a long-lived retained 
radioelement may result in the gradual develop- 
ment of morbid changes punctuated, after a long 
latent period, by carcinogenesis. Thus, human 
radium poisoning may result in bone sarcoma 
where the retained dose is in the order of one 
microgram, and sarcoma of the liver has occurred 
several years after administration of colloidal thor- 
ium dioxide (10). Experimental investigation, 
which has been done on short-lived animals, has 
yielded comparable results but only with much 
higher tissue dosage due largely, no doubt, to the 
shorter period of observation. 

It must be remembered that dosage does not 
have to be given over a long period of time in or- 
der to result in malignant changes. This is sho^vn, 


in the case of man, by the series of bone sarcomas 
following X-ray dosage of 1500 r and above (11). 
It appears clearly that external beta radiation of 
rats is effective in producing skin and subcutaneous 
malignant tumors in single, as well as daily, dos- 
age (12). Single dosages of 3,000 rep were ef- 
fective after a considerable latent period (eight to 
12 months). Analogous results have been seen 
following the feeding, either in single or daily 
dosages, of radioyttrium (13). While tissue dos- 
age calculations are virtually impossible, it is clear 
that both single and repeated treatments yield 
carcinomas of the colon. It seems fair to state 
that in no instance do we have clear information 
relating the dosage required for carcinogenesis as 
a function of time-distribution of treatment; in 
other words, the recovery factor is unknown ( 14) . 

"Tolerance” or Permissible Dose 

No doubt the most difficult datum to obtain 
experimentally is the one most in demand by users 
of radioisotopes, namely, the amount of radiation 
exposure which may safely be withstood. We do 
not, in fact, know whether a threshold exists for 
such measurable evidences of morbidity as shorten- 
ing of life or cancer, while in the case of genetic 
changes it seems likely that no threshold dosage 
exists below which there is no probability of radi- 
ation-induced mutation. In the matter of human 
permissible exposure, we rely upon two basic 
"tolerance” values ; the permissible retained 
amount of radium has been set at 0.1 /ic, since this 
is one-tenth of the amount known to have morbid 
consequences, and the permissible daily X-ray 
dosage has been taken as 0.1 r daily, for similar 
reasons. The National Committee on Radiation 
Protection has recently recommended reducing the 
latter figure to 0.3 r per week. This action takes 
into account recent experimental evidence which 
shows that detectable consequences may follow 
daily administration of dosages below 1 r daily, and 
also implies that a dosage of 0.3 r will probably 
differ little in its freedom from consequences 
whether administered at once or over an extended 
period. Indeed, the clinical results of a single 
dosage of 15 r, measured as the lymphocyte re- 
sponse, are on the threshold of clinical detecta- 
bility. 

Permissible levels for .radioisotope exposure 
must, in general, be derived from the tivo figures 



1288 


AUSTIN M. BRUES 


cited above^ in combination with experimental 
work which may relate toxicities of bone-seeking 
isotopes to radium (as in the data on Sr®® to be 
discussed later) and with calculations of tissue 
dosage based on what metabolic information is 
available. Such calculations are described by 
Morgan (15) and by Marinelli et al. (16). Levels 
so derived must, of course, be accepted with cer- 
tain reservations : where they depend upon average 
figures for absorption, the great variation existing 
even between “normal” human beings must be 
taken into consideration, and where they depend 
upon mean concentration in a critical organ, we 
must be certain whether the radiation is actually 
homogeneous throughout the organ. Moreover, 
we must always be prepared for unexpected experi- 
mental results. Thus, plutonium®®® was found 
to be about 50 times as effective as radium, on the 
basis of physical comparison, in producing acute 
radiation disease (17), no doubt due to its very 
heterogeneous tissue distribution, while Sr®® has 
likewise been relatively more potent than expected 
in bone tumor production. 

Jiistification for Dosage Exceeding the 
Permissible 

As noted above, the permissible dosage of ex- 
ternal radiation is expressed as a daily or weekly 
amount, applied to the whole body. It can prob- 
ably safely be assumed that most topographic or 
histologic parts of the body can receive larger 
dosages, as in the case of exposure of the hands. 
Consideration of the methods used in deriving 
permissible dosages will show the rather general 
impossibility of deriving data applicable to various 
parts of the body. 

It also seems that a single dose in excess of the 
daily permissible level can be defended under some 
circumstances; for example, much routine radi- 
ography results in dosages exceeding daily or 
weekly “tolerance.” 

With firmly deposited isotopes of long half- 
life, the daily dose is necessarily continued after 
deposition. The tendency in this case has been to 
calculate the amount, giving the maximum permis- 
sible level to the critical organ at the height of its 
concentration there. 

The foregoing discussion applies to permissible 
levels of radiation exposure for normal individuals 
who receive their exposure industrially or profes- 


sionally. Various ranges of exposure may be 
justifiable, depending upon the nature of the popu- 
lation or upon the reason for administration. 
They are indicated below, in ascending order of 
exposure level. 

a. The large population: Because of the statisti- 
cal nature of the genetic sequelae of the lowest 
dosage levels, it is probably correct to consider 
that a large population should not be permitted to 
become exposed to a level of radiation comparable 
with that which can be justified in special cases. 
It is likewise possible that tumor development may 
be slightly enhanced by dosages under “tolerance,” 
but no evidence on this point is available. In the 
matter of recessive mutations, the size of the ex- 
posed population will, of course, determine the 
probability that, with random mating, the same 
recessive will occur in both gametes in a later 
generation. It is, however, probably unnecessary 
to prescribe levels less than one-hundredth of 
“permissible,” since this level approaches that 
of the cosmic radiation and the radioactivity nor- 
mally present in the body. 

b. The small, professionally exposed population: 
It is for such populations that the permissible levels 
have been applied. Although a possibility of mini- 
mal effect, perhaps not detectable, is not ruled out 
by our present knowledge of the radiobiologic ef- 
fects of small dosages, it will be recalled that vari- 
ous other industrial and other hazards exist which, 
again, are merely reduced to the imperceptible 
level. No low-level hazard has been as carefully 
studied as that of external ionizing radiation. 

c. Clinical investigation and diagnostic pro- 
cedures: Where such a reason exists for isotope 
administration, we may fall back on the precedent 
of diagnostic radiography. Thus, a total dosage 
of beta and gamma emitters between 1 and 10 rep 
to the critical tissue may be justified, if not re- 
peated, in the case of certain isotopes of short half- 
life whose metabolic fate is well understood, e.g., 
Na®S K^®, I“S and possibly P®®. For the present, 
the bone-seeking isotopes in general, as well as 
those whose metabolic fate is in doubt (C^* in par- 
ticular), should not be used in this category. Iso- 
topes in a borderline class include Fe®®, Fe®®, Ca^®, 
and the long-lived isotopes Na®® and Cl®®; with 
these, somewhat more caution is indicated than 
with the shortest-lived radioelements. As ex- 
amples of actual practice, Na®® has been used in 
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normal subjects (18) in such a way as to yield 
somewhat less than 1 rep total integrated dosage 
(90 fic in man) ; Fe” and Fe^® have been used in 
normal blood donors (19) in such dosage as to 
yield a maximum of 0.1 rep per week in blood. 
P®® has been given to human subjects to estab- 
lish its turnover in tumors, including operable 
tumors. In one recent study, 1 fj-c per pound body 
weight was used and it was estimated that the 
total-body irradiation would not exceed 1.5 r (20) 
(integrated over time and over the body volume). 
The attitude toward on the other hand, has 
been somewhat more liberal, presumably because 
this isotope is virtually confined to the thyroid. 
Thus, for diagnostic purposes, 20 rep per day to 
a total dose of 230 rep has been given as calculated 
thyroid dosage (21). 

It is clear that improvements in technique of 
measurement of isotopic radiation will greatly 
benefit work in this area, since many studies will 
be brought within the limits of reasonably safe 
operation. As it is now possible actually to esti- 
mate naturally occurring C“ within 5-10 per cent 
(22), this is an important direction in which clin- 
ical isotope work can find new opportunities. 

d. Treatment oj disease where other therapy is 
available: In this range, dosage must necessarily 
far exceed that required to produce visible changes 
in the organism, since changes are being sought. 
The principle of calculated risk is therefore para- 
mount, as indeed it is in all clinical therapy and 
especially in surgery. There are, however, certain 
pervading diflferences. In the first place, the 
risks in surgical and pharmacologic therapy are 
mainly immediate, easily observed and soon calcu- 
lable ; whereas in isotope therapy the most impor- 
tant risks may be disclosed by the passage of a 
considerable amount of time, as shown by the re- 
sults of radium absorption and by the late conse- 
quences of the use of colloidal thorium dioxide 
(even where used for diagnostic purposes) (10). 
Secondly, there are certain imknown factors which 
make calculation of risk, to an order of magnitude, 
impossible. We do not know the relation between 
latent period before carcinogenesis and the life- 
span of a species, or the relations between the 
probability of tumor development and the volume 
or type of tissue irradiated or the time distribution 
of radiation. On a more basic level, we understand 
next to nothing about the mechanism of radiation 


carcinogenesis or the meaning of the shortening of 
life after total-body irradiation. 

In two instances, there is a fairly large backlog 
of experience in therapy of disease with radioiso- 
topes. These are the treatment of benign thyroid 
disease (especially exophthalmic goiter) with ra- 
dioiodine and of leukemia and polycythemia vera 
with P®*. Therapy of polycythemia vera has 
yielded results similar to those of X-ray given to 
the whole body, and is logical inasmuch as bone 
marrow receives a larger dosage than the inte- 
grated total-body dose. One me administered 
to a 60 kg man yields an integrated total body 
dosage af about 15 rep, neglecting loss by ex- 
cretion, at a rate less than 1 rep per day; the 
bone marrow, spleen, and lymph nodes may re- 
ceive rivo to three times as much. Thus, dosages 
of 1-5 me correspond to total-body X-ray treat- 
ment ranging between 15 and 75 r, or somewhat 
more to bone marrow. The time distribution of 
the radiation probably makes it somewhat less 
toxic (and less effective) than X-ray given ac- 
cording to usual patterns of treatment. 

Although dosages of this sort are in accord 
with regular practice in radiation therapy, it is 
possible that deleterious results may occur. This 
has been suggested by Hall and Watkins (23) in 
whose series of P®®-treated cases a number of 
acute leukemias arose. Because of the frequency 
of chronic leukemias and leukemoid states arising 
in the course of the disease, it is difficult to evalu- 
ate these results imtil further information is avail- 
able. Our own observations (24) show that P®® 
is leukemogenic to mice, but that the effect is not 
strikingly different from that of total-body X-ray 
in equivalent dosage. 

In treatment of thyrotoxicosis, I^®*^ has been used 
in relatively high thyroid dosage by a number of 
clinical groups. This question has been discussed 
recently by Nickson (25). Dosage of 200 or 
more microcuries per gram of thyroid are fre- 
quently used, with a resultant total radiation dose 
in excess of 10,000 rep. The actual dose has 
been estimated to be as much as 26,000 rep with 
200 fic/g (26), but is difficult to estimate, since 
it depends on the rate of loss of iodine from the 
treated gland. If the dose to the tissues immedi- 
ately surroimding the thyroid is one-half to one- 
fourth of this, it appears that the adjacent con- 
nective tissue receives thousands of rep. This is 
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in the range of dosage by X-ray which has re- 
sulted in bone tumors in man (11), and it will be 
recalled that 3,000 rep of external beta radiation 
to rats from P®* has resulted not only in epitheli- 
omas, but in subcutaneous sarcomas as well (12). 
It is, therefore, within the bounds of possibility 
that carcinogenic effects may occur from dosages 
as used in the treatment of thyrotoxicosis, although 
it is encouraging to note that no reports of such 
sequelae have appeared after several years’ clini- 
cal experience. 

An intermediate group of diseases exists, 
namely the leukemias and allied disorders, in 
which certain isotopes (Na^^ [27], As^® [28]) 
are used in place of total-body radiation for simi- 
lar palliative purposes. In all of these instances 
the net effect of the radiation is either equivalent 
to that of total-body X-ray, or it is distributed in 
favor of bone marrow and blood-forming organs. 
Since the peripheral blood picture gives indication 
both of toxicity and of therapeutic effectiveness, 
it is useful in monitoring treatment. It should be 
recalled that the same general remark applies to 
the use of radiomimetic chemicals, e.g., the alkyl- 
amines. 

e. Treatment of hopeless malignant disease: 
Here it would seem justifiable to use whatever 
means offer some chance of palliation or cure, or 
of gaining information to that end where this 
can be done without detriment to the patient. In 
the case of metastasized malignant disease of the 
thyroid, it would seem proper to treat every pa- 
tient with in order to determine the response. 
Although certain histologic types have been found 
not to concentrate iodine (29), it has been shown 
that the capacity to store this element may be en- 
hanced by thyroidectomy or administration of 
thyrotrophic hormone. Dosages have been large; 
in one case (29) where the dose to the normal thy- 
roid is stated, the gland should have received 36,- 
000 rep on the first day (assuming immediate 
uptake) to an ideal total (barring subsequent 
loss) of 430,000 rep. Treatment in this order of 
magnitude has been possible only in the treatment 
of thyroid disease. Dosage to metastases in this 
case was of that to thyroid (vis., about 6,000 
rep). 

In breaking new ground, the long-lived iso- 
topes will be tested. The possibilities of and 
H® in organic compounds are manifold, and es- 


sentially no exploration has been done at the 
present time. The use of Sr®® has also been sug- 
gested. Because of the known chronic toxicity of 
the latter and the potential hazard in the use of 
other long-lived isotopes, it will be essential that 
cases be selected on the basis of inoperability. It 
may be suggested that all patients be chosen (1) 
as a result of biopsy from a metastatic lesion, or a 
primary lesion deemed inoperable or (2) after 
consultation with a specialist in this particular 
field. There are few physicians who have not, on 
some occasion, misjudged the prognosis of a clini- 
cal situation resembling inoperable cancer. ' It has 
also been advocated that such treatment be given 
only after exhaustive experimental study. This is 
desirable in cases where the toxicity of the iso- 
tope or the isotopic compound is unknown, but it 
should be recalled that the variety of human cancer 
is greater than that easily available in laboratory 
animals, so that the appropriateness of the treat- 
ment for a given tumor type may need to be evalu- 
ated by tracer studies in patients, or (for O-*) by 
use of the stable C^®. 

As mentioned before, the short-lived isotopes, 
and especially those yielding hematologic changes 
as readily as total-body X-ray, may be used with 
the same precautions as are used with external 
radiation or chemotherapeutic agents, as far as 
the patient is concerned. It will be seen that the 
short-lived isotopes may be intense radiation 
sources and require special care during prepara- 
tion and administration. 

Toxicity of Bone-seeking Elements 

In order to gain some quantitative expression of 
the carcinogenic action of radioactive substances 
which might have general meaning, large series of 
animal experiments were set up in this laboratory 
using Sr®® in rats and mice. It was hoped thereby 
to observe the pattern of bone tumor induction 
(as pilot experiments had shown [30]) by a very 
potent carcinogen the effectiveness of which was 
due to beta irradiation of bone. A preliminary dis- 
cussion of these experiments was included in our 
earlier report (14). The data are still incomplete 
pending histologic verification of the gross patho- 
logic findings. One of the strains of mice used 
has shown an unexpectedly high incidence of 
bone lesions of various sorts, including benign 
tumors. 
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Experimental: The mice used in these experiments 
were females of the Carwortl'v CF-1 strain and male and 
female ABC hybrid mice obtained from the Roscoe B. 
Jackson Alemorial Laboratory. These mice were chosen 
because of their ready availability in large numbers at 
the time the experiments were begun (1945-6) ^ and 
because they had no specialized tumor characteristics 
which might obscure the study of the general tumor 
hazard, except for a high incidence of spontaneous 
lymphoma and lymphatic leukemia. A few high- 
lymphoma C58 strain mice obtained through the kind- 
ness of Dr. E. C. MacDowell were also used. 

The animals were housed in an air-conditioned animal 
farm to permit regulation of temperature (circa 23° C.). 
Triethylene glycol vapor was used to minimize the pos- 
sibility of air-borne cross-infection. The mice were 
received in lots of over 600, equally divided among the 
three permutations of strain and sex. One-fifth of the 
total experiment, including aliquots of the dose levels 
used, was set up upon receipt of each shipment, and 
injected at 42 + seven days of age. Each component 
group of animals remained caged together throughout 
the experiment. It was found that certain cages of ani- 
mals suffered from infectious disease, but cross-infections 
to nearby cages were rare. The commonest infectious 
diseases were pneumonia (with intracellular pleuro- 
pneumonia-like organisms) and intestinal or generalized 
infections due to Salmonella and Pseudomonas. 

Since the acute lethal dose (30-day LDm) for Sr*° 
in mice was found to be 8 body weight, the highest 
single dosage used was S w/g, and lower dosages were 
employed, differing by factors of approximately 2, down 
to 0.05 w:/g. A parallel series was given monthly dosage 
with one-fifth of the above amounts in such a way as to 
bring the dosage to the same level each month. Increas- 
ing numbers of mice were used in the lower dose levels 
in order to maintain statistical significance, if possible, 
where tumor incidence would be less; the design of the 
experiment is shown in Table I. 

All mice were observed daily; those showing evidence 
of serious disease were followed with particular care 
and sacrificed when in extremis. By adequate clinical 
observation it became possible to salvage over 95 per cent 
of the fatally ill animals before death. Complete autopsy 

(except for the central nervous system) was performed. 


TABLE 1 

Design of large mouse experiment with Sr^’’ 


Dose 

Single 

infectfoa 

Monthly 

injections 

Dose 

vete 

numb^ of mice 

number of mice 


5 

45 

45 

1 

2.5 

60 

60 

, 0.5 

I 

90 

90 

0.2 

0.5 

150 ' 

150 

0.1 

0.25 

240 

240 

0.05 

0.1 

240 

240 

0.02 

0.05 

240 

240 

0.01 

Control 

480 

480 

Control 


sections were taken where considered necessary, and the 
carcasses preserved in 4 per cent formaldehyde. Roent- 
genograms were made in all cases at or after death. 

RESULTS 

Survival was definitely shortened at the higher 
dosage levels, as might be expected. This is il- 
lustrated graphically in Figure 1, in which a sepa- 
rate family of curves is shown for survival of the 
groups injected singly and monthly. Because 
of the obvious similarity among the types of mice 
used with reference to longevity and bone tumor 
genesis, they have all been pooled in assembling 
the data in preliminary form. The last survivor in 
the ABC female control group died 895 days after 
the beginning of the experiment (about 937 days of 
age) and the last CF-1 female died after 876 days 
(about 918 days of age). The ABC male group 
in the experiment was shorter-lived, falling (for 
the last 5 per cent of survivors) about 100 days 
behind the females of the same strain. 

Even at the highest dosages, no "acute” radia- 
tion deaths occurred during the first month. The 
earlier mortality among these mice is not ascrib- 
able to any single cause. In addition to bone tu- 
mors, aplastic anemia and myeloid metaplasia (the 
latter probably a compensatory response) (9) 
were commonly observed at autopsy, and graying 
of hair, which is a frequent subacute sequela of 
total-body radiation, was noticeable. Of the mice 
receiving 5 pc/g and surviving 200 days, 35 per 
cent died before 250 days without bone tumors and 
an additional 14 per cent, with bone tumors ; of the 
controls, 5 per cent of the 200-day survivors died 
in the same period. 

Incidences of tumors, other than those arising 
in or near bone, have failed to undergo changes at- 
tributable to the treatment. A small apparent in- 
crease in lymphomas in the heavily-treated CF-1 
and ABC mice has been shown to lack statistical 
significance. 

Tumors in or near bone were of several types ; 
osteogenic sarcomas predominated, but other ma- 
lignant tumors of mesenchymal and endothelial 
origin have been observed, and for statistical 
purposes have been included with those of osteoid 
origin. Multiple primary tumors occurred with an 
entirely random frequency, their incidences con- 
forming well to the Poisson distribution. Thus, 
multiple tumors are more frequently seen as the 
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Open circles represent single injections; closed circles, dose given monthly. 


dosage increases. It may be postulated from this 
that one tumor, already present, does not suppress 
or stimulate the genesis of others. 

A very striking feature of treatment with the 
higher dosages is the sharpness of the latent 
period, at the end of which tumors appear rapidly. 
It seems clear that the latent period cannot be ex- 
plained (where a single dose is given) by the time 
required for a tumor to develop from a single cell 
if the cellular growth rate is constant, unless the 
tumor is formed some time after the greater part 
of the radiation has been delivered. As stated 
earlier, the prolonged latent period is character- 
istic of radiation carcinogenesis. 

In attempting to understand quantitatively the 
process of carcinogenesis, the data have been 
plotted in a variety of ways. The simplest func- 
tion was seen where the tumor morbidity rate 
was plotted directly against time, in mice given 
continuing dosage. These data are shown in 
Figure 2. The ordinates represent the probability 
that a mouse in a given dosage group will develop 
a tumor (or possess a tumor at a certain early 
stage of development) on a given day, and this 
figure is obtained by calculating, for 40-day over- 
lapping time intervals, the proportion of mice 
which will die with bone tumors within 40 days. 
This figure, divided by 40, gives the daily expec- 
tancy, or morbidity rate, Pt- The time scale is 
adjusted to the beginning of the 40-day period 


before death, and therefore represents tumors at 
about the time they are first visible, or somewhat 
before that time. 

It will be seen that this function gives essentially 
a straight line cutting the horizontal axis at the 
“latent time” ; the slope of the line being propor- 
tional to dose, and the latent period varying gradu- 
ally with dose, perhaps as a logarithmic function. 
The straight lines have been drawn in accordance 
with an empirical formula: 

Pt = Kd (t - te) 

where (t — te) represents time after the end of the 
latent period, and d is proportional to the dose, 
where the monthly dosage is expressed in /tc/g, 
and time in days, and K is taken as 1.4 X 10'^. 
The latent period may appear, on inspection, to 
vary with the logarithm of the dosage, or with an 
inverse root of the dosage (approximately the 
square root). The latter function is indicated, 
quite qualitatively, as a broken line in Figure 1, 
and shows graphically the impossibility of pro- 
ducing tumors with low dosages in short-lived 
animals. 

It is significant that the accumulated number of 
tumors at any time after the end of the latent pe- 
riod is a function of t X Pt, and hence of the square 
of time. In this way, it is seen that the low dosage 
required to induce radium tumors in man is 
consistent with the longer period in which tumors 
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Fig. 2. Daily Probability of Bone Tumor Development (Pt) as a Function 
OF Tijie after Beginning of Monthly Injections 

Figures beside the curves indicate dosages in l^c/g. 


may develop than in experimental animals. One 
semiquantitative expression of this has been 
stated (14). The data shown in Figure 2 may 
be interpreted in this way: that each quantity of 
absorbed radiation confers on the tissue absorbing 
it a probability of tumor formation which is 
ivithout limit in time, once the latent period is 
passed; thus the daily tumor morbidity will con- 
stantly increase as long as further irradiation 
occurs. 


I am indebted to Dr. R. D. Evans (31) for 
pointing out that the data shown here are also 
consistant with a Gaussian distribution of tumors 
around an optimal time after treatment, where the 
parameters are specified functions of dose. It 
would be virtually impossible to distinguish be- 
tween these two expressions with such experi- 
mental data as can be obtained by the techniques 
used here. 

When a single injection of Sr®® is given, we 



Fig. 3. Daily Probability of Tumor Development as a Function of Time after a 
Single Injection of Sr", as in Figure 2 
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might expect to see a somewhat simpler function. 
That this is not the case appears from Figure 3. 
Here we again see a sharply defined latent period, 
followed by an increase in tumor morbidity. 
These data also indicate that the subsequent mor- 
bidity is, within the limitations imposed by sur- 
vival, relatively without limit in time after the 
latent period is passed. 

Further data regarding the pattern of tumor 
formation in mice and in other species will be pub- 
lished in the future, when the pathologic data are 
complete. The preliminary results suggest that 
(1) in rats and mice, the tumor incidence following 
radium administration gives a ratio of effectiveness 
of radium : strontium of about 10:1 on a mil- 
licurie basis; and (2) that the response to bone- 
seeking radioelements as regards latent period and 
tumor incidence per animal is comparable as be- 
tween rats, mice, and rabbits, and is certainly no 
greater in dogs. 

DISCUSSION 

Such data as have been obtained from a variety 
of sources still fail to answer a number of questions 
which must be understood before it will be possible 
to make direct application of experimental data 
to man, especially in the tolerance range. 

In the first place, the question whether there 
is a true threshold for carcinogenic effects appears 
to be entirely unanswered. The scantiness of hu- 
man data on the one hand, and the short life-span 
of animals on the other, makes it impossible to say 
what effects might be seen in a large human popu- 
lation after a long period of time. The human 
experience has been reviewed by Evans (32) in 
some detail, and the author concludes that total 
dosages of 1000 to 10,000 rep for alpha radiation 
have been required to induce an incidence of 10 
per cent tumors after 15 years. The X-ray data 
previously cited (11) and the bulk of animal data 
involving absorbed isotopes leave the impression 
that the lowest amount of X-radiation or beta radi- 
ation which has been clearly shown responsible for 
carcinogenesis (excepting mouse lymphoma) may 
be of the same order. It cannot be said whether 
underlying visible tissue changes are necessary to 
radiation carcinogenesis, or whether it is a statisti- 
cal event that may (with a very low probability) 
occur whenever a cell lies in the path of ionization. 

Secondly, the relation between life-span of a 


given species and the latent period before tumor 
formation requires study. In the matter of chemi- 
cal carcinogenesis, it appears that the period of 
latency for the dog and man is longer than in the 
rodents. We are not aware that such a relation- 
ship has clearly been shown for radiation-induced 
neoplasia under controlled conditions. 

Finally, the concept of the origin of malignant 
disease (whether a stray statistical event taking 
place in a single cell, or a systemic change) has 
considerable bearing on the relation between hu- 
man and experimental results. The former con- 
cept is consistent with the observed distribution 
of tumors within a group of animals, since multiple 
primary bone tumors do not appear to occur with 
undue frequency. Assuming that cancer is a dis- 
ease arising in a. single cell, and that all the cells of 
a tissue are more or less equally susceptible to the 
change, it can be seen that even under a strong 
stimulus the carcinogenic event has a numerical 
rarity comparable to the incidence of genetic mu- 
tations. In that event, man might be expected by 
virtue of mass and cell number to have a suscepti- 
bility to tumor formation on the order of 1,000 
times that of the mouse. It will be obvious that 
this is not the case, and that if it were, the survival 
of the larger species would be impossible. Thus 
the extrapolation of the carcinogenic effects of 
radiation from rodents to man involves unknown 
variables in several parameters, and poses some 
of the basic problems in cancer biology. 

SUMMARY 

The effects of large dosages of radioisotopes 
resemble to a marked extent those of total-body 
radiation, with modifications dependent on tissue 
distribution. Permissible exposure levels are de- 
termined by the late or chronic radiation changes, 
of which malignant changes have quite properly 
attracted major attention. 

There is no evidence to indicate that radiation 
dosages to tissue corresponding to established 
“permissible” external dosages (0.3 — 0.6 rep/ 
week) will result in an increased incidence of 
malignant disease detectable in a population of 
moderate size. In making such calculations, it is 
necessary to estimate maximum local tissue dos- 
age, rather than the mean value for an organ or 
structure, and to make use of factors recognizing 
the greater effectiveness of ionization in areas 
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where it is dense (c.g., alpha-particle ionization). 

The suggestion is made that a more conserva- 
tive figure is desirable where a large population 
may be affected, and the basis for using larger 
dosages in clinical investigation, diagnosis, and 
therapy is discussed. 

Bone tumor induction by Sr®® has been studied 
extensively in mice. The data are consistent with 
the view that each given quantity of radiation to 
bone confers a given probability of bone tumor 
formation which may occur at any time following a 
“latent period.” The latent period increases grad- 
ually with the dosage. It is not known at present 
whether a threshold e.vists for such effects. 
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EQUATIONS FOR TRACER EXPERIMENTS 
By A. K. SOLOMON 

(From the Biophysical Laboratory, Harvard Medical School, Boston) 


The use of isotopes makes possible quantita- 
tive measurements of many biochemical and 
physiological processes, hitherto secure from such 
detailed observation. Perhaps the most fre- 
quent use of this tool is in the observations of 
physiology that are concerned with the transfer 
of fluid from one portion of the body to another, 
and in the biochemical observations of the forma- 
tion of one compound from another. It is the 
purpose of this paper to present in detail some 
of the mathematical equations that govern such 
flow and synthesis, and to show incidentally that 
many of these equations are common to the 
fields of physics, and chemistry, as well as to the 
biological disciplines to which they will be ap- 
plied here. A series of case studies will be pre- 
sented, including, as examples, the formation of 
cholesterol from deuterium-marked body water, 
the uptake of phosphorus by the red blood cell 
and the flow of sodium out of the plasma into 
cerebrospinal fluid. 

Mathematical analysis of this kind is certainly 
not novel; indeed, Burton (1) reports that Har- 
court and Esson (2) concerned themselves with 
similar studies in 1866 when chemical kinetics 
was just beginning. In another connection, 
Rutherford, Chadwick and Ellis (3) have ex- 
pressed some equations governing the familial 
relationship between radioactive parent elements 
and their daughters; they report that Bateman 
(4) as early as 1910 developed a theory which 
covers the general case of radioactive decay and 
recovery. The mathematics apply so generally 
that any survey of the literature must neces- 
sarily be incomplete. 

1. Basic assumptions 

The basic assumption that underlies all the 
equations to be developed is that the tracer 
element follows its unlabeled isotope faithfully 
in all biological reactions. Qualitatively there 
is good agreement on this point; quantitatively, 
evidence is gradually accruing that the rates of 
reaction are influenced by the isotopic composi- 
tion of the reacting molecules. However, no 
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allowance has been made for this in the cases to 
be discussed. Implicit in this primary assump- 
tion is the condition that the injection of the 
tracer element shall not disturb, in any important 
fashion, the normal metabolic behavior of the 
system. As a consequence of this initial assump- 
tion, the equations to be derived apply to un- 
labeled systems also; the tracer provides the 
method of measurement. 

The second basic assumption is that in sys- 
tems of constant volume the rate of flow of 
isotope out of a compartment is proportional to 
the amount of labeled isotope present in the 
compartment. This reduces to the assump- 
tion that rate is proportional to concentration, 
given constant volume. The difference is purely 
formal and can be taken up by suitable adjust- 
ments of the constants involved. Thus, the 
investigator has his choice of expressing the 
activity as, say, counts per milliliter, or counts 
per milliliter times the volume of the compart- 
ment in milliliters. The equations that, follow 
have been based on amount. In systems in 
which the volume is not constant, other assump- 
tions are made. 

A third basic assumption is that of uniform dis- 
tribution throughout the compartments. There 
are many physiological conditions in which this 
assumption is invalid, as when the time of mixing 
is long compared to the reaction rate, or when the 
viscosity of the fluid in the compartment is high. 
In many cases, the experimental conditions can 
be adjusted in order to make these factors un- 
important; if not, suitable corrections must be 
applied. 

2. Symbols 

P = total amount of labeled material in com- 
partment A. 

Po = P at time O. 

t = time. 

k,b = coefficient of transfer from compartment 
A to compartment B. 

p == concentration of labeled materia! in 
compartment A. 
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Vp = volume of compartment A. 

Q = total amount of labeled material in com- 
partment B. 

kba = coefficient of transfer from compartment 
B to compartment A. 

q = concentration of labeled material in 
compartment B. 

Vq = volume of compartment B. 
kao = coefficient of transfer from compart- 
ment A to outside, 
etc. 

3. Case 1 — Simple decay 

The decay of a radioactive isotope can be 
described by an equation which states that the 
rate of loss of isotope depends upon the amount 
of isotope remaining. This is perhaps the most 
common example of simple decay. In chem- 
istry, monomolecular reactions are governed by 
a similar equation, since the rate of reaction is 
dependent on the amount of reactant remaining 
(though not necessarily independent of concen- 
tration). Margenau and Murphy (5) point out 
that the rate of growth of bacterial cultures in 
an unlimited nutrient medium is dependent on 
the number of bacteria present; thus the equa- 
tion is similar to that for radioactive decay, 
though the sign, of course, is different. 

1-1 ^ 

1-2 P= 

1-3 InP = InPo - kaot 

1—4: “ 0.693 /kao 

Figure 1 shows the decay of radioactive phos- 
phorus (P®2). The amount of this material re- 
maining, P (expressed as relative counts/minute 
in a unit mass of sample) is plotted on a loga- 
rithmic scale against t. The slope of this straight 
line gives kao, from which the half-life, tj, may be 
derived by equation 1-4. In this case, tj meas- 
ures the time required for half the material to 
disintegrate. 

4. Case 2 — Uptake from a constant source 

This case arises most frequently in stable 
isotope experiments in which the body fluids are 
brought to a constant deuterium level, and the 
uptake of deuterium in various compounds is 


examined. The basic assumption is that the 
isotopic content of the circulating fluids remains 
constant. This includes the implicit assumption 
that the return of material to the circulating 
fluids from the compartment examined is un- 
important. 

This example of Case 2 is shown diagram- 
matically in Figure 2. Here compartment A 
represents the body fluids, and P represents the 
total amount of deuterium in the fluids. The 
concentration, p, is given by the atom per cent 
deuterium in the body fluids. Compartment B 
represents the cholesterol; Q is the total amount 
of deuterium in the cholesterol, and q is the con- 
centration of deuterium given by atom per cent 
deuterium in the cholesterol (usually referred to 
atom per cent D in the body fluid as 100%). 

Another common example of this case is the 
formation of radioactive isotopes in nuclear re- 
actors. The basic assumption in this case may 
be restated: the flux of neutrons must remain 
constant, and be unaffected by the products 
formed in the material being irradiated. 

2-1 ~ = kabP — kboQ, P = Po = const. 

2-2 Q = - e-'^bot) 

Kbo 

2-3 Qc» = ^Po, t=«> 

kbo 

2—4 ]n(l — Q/Qoo) = — kbot 

2-5 tj = 0.693/kb<, 

These equations differ materially from those 

of simple decay. For one thing the half-life is 
dependent upon the rate of decay of the material 
in compartment B, not on the rate of its syn- 
thesis, unless an equilibrium obtains, in which 
case the two rates are equal. The dependence 
of half-life upon decay may be illustrated by 
considering the formation of isotopes in reactors. 
For a given rate of decay, that is, a given half-life, 
the amount of material formed depends directly 
on the intensity of the neutron flux. The time 
it takes to achieve the maximum formation of 
radioactive material is dependent on the half-life 
and independent of the neutron flux. That is, 
more radioactive material can be formed by an 
increase in neutron flux, but the time it takes to 
reach the new maximum value is independent of 
this increase in neutron flux. 
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days 

Fig. 1. Case 1: Radioactive Decay of P“ 

Relative counts/min. in a unit mass of sample is plotted on a logarithmic scale against time. 


In order to determine whether the equation 
2-1 holds for conditions in which the volume is 
not constant, the equation 2-1 has been fitted 
to experimental results on the uptake of deu- 
terium by maternal and fetal cholesterol reported 
by Gold water and Stetten (6). Pregnant rats 
put on a heavy water regimen in the 18th day 
of term were sacrificed at quarter-day intervals 
from the 18th to the 19th day, and at half-day 
intervals from the 19th to the 20th day. One 
control was kept on the heav}' water regimen for 
the total 20-day term in order to determine the 
maximum uptake of deuterium in the fetal cho- 


lesterol, and the maternal cholesterol, .both liver 
and carcass. In the two-day period between 
the 18th and the 20th day, the weight per fetus 
varied between 2 and 5.2 grams. The tissue 
content of cholesterol in all three cases showed 
a slight increase. Thus, the amount of choles- 
terol, the volume as it were, of compartment B 
is certainly not constant. 

The weight increase in the maternal rat will 
show whether constant isotope concentration in 
the body fluids is equivalent to a constant 
amount of deuterium in the fluids. If one 
ascribes the weight increase to increase in fetal 



Fig. 2. Case 2: Uptake of Deuterium by Cholesterol is the Materkal Rat A^'D Fetus 

^ The function (1 - q/q„) is plotted on a log scale against time. The slope of the curve determines the transfer coeffi- 
cient kbo- 
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weight alone, Goldwater and Stetten’s figures 
show that the average increase in maternal rat 
weight in the two-day period is about 11%. 
This is small compared to the other changes in 
the system; hence, we will assume that both 
concentration and amount of deuterium in the 
body fluids remain constant. 

If the assumptions in equation 2-1 are correct, 
the function derived in equation 2-4 should fall 
on a straight line when plotted against time. 
Since it does not, a different assumption must 
be made. We may test the assumption that 
the rate of change of the amount of labeled cho- 
lesterol is proportional to the concentration of 
deuterium in the body fluids, and the concentra- 
tion of deuterium in the cholesterol. Stated 
analytically, this becomes: 


2-6 


dt 


= kabP ~ kboq 


If one assumes that the change in cholesterol 
content in the fetus varies linearly with time, an 
assumption supported by the data, this equation 
can be solved. In this case, too, the equation is 
seen to fail in describing the data. However, 
when one assumes that the rate of change of 
concentration of cholesterol is proportional to the 
concentration of deuterium in the body fluids and 
the concentration of deuterium in the cholesterol 
the equation fits the data. In this case the 
equation becomes 


2-7 


dt 


— kabp — " kboq 


and 2-4 reduces to 


2-8 ln(l — q/q<») *= — kbot 


The calculations are given in Table I, and the 
function is plotted in Figure 2. It will be seen 
that all three cases fit the equation nicely, even 
though the volume in compartment B is greatly 
changed during the course of the experiment. 
Many chemical systems can be postulated that 
can be described analytically by equation 2-7. 


5 . Case 3 — Closed two-compartment system 

The equilibration of red blood cells with K^^- 
marked plasma is used as an example of this 
case. The basic assumption is that the total 
amount of labeled material in the system remains 
constant. In Figure 3 this case is shown dia- 
grammatically. Compartment A represents the 


plasma containing an amount P of K''^ and com- 
partment B represents the erythrocytes contain- 
ing an amount Q of 

Since Cohn and Cohn (7) investigated the 
permeability of the red corpuscles of the dog to 
sodium ions, many experiments have been carried 
out on cellular permeability. Sheppard (8) has 
recently reviewed these experiments and reported 
some additional results of his own. The equa- 
tions he derives, specific examples from a pre- 
viously published general treatment (9), corre- 
spond with those to be derived below. 


3-1 

3-2 

3-3 

3-4 

3-5 

3-6 


P -{- Q = Po = const 

dt 
dQ 


dt 

Q = 


= — kabP -k kbaQ 
— kftbP — kbaQ 


kab 


kab -f- kbi 


_ e-(kab+kba)t] 


Qcquil — Pcqull 


Q. 


kabPo 


kab -b kba 

3-7 ln(l - Q/0„) = - (kab -1- kba)t 
tjQ = 0.693/(kab -b kba) 


3-8 

3-9 

3-10 


P = 
Po» = 


kbaPp 
kab -b kba 

kbaPp 

kab "b kba 


iq. c-(tab+fcba)t1 

kb5 J 


kba 


3-11 In(P/Po, - 1) = - (kab + kbjt- 


The example chosen to illustrate this case has 
been taken from some unpublished work of 
Raker, Taylor and Weller (10) on the uptake 
of K^“ by human erythrocytes in a dilute solution 
of K^^-marked plasma. Figure 3 shows the func- 
tion (P/Poo — 1) plotted on a logarithmic scale 
against time. The constants describing the 
system may be determined as shown in equation 
3-11 from the slope and intercept of this line. 
The calculations have taken account of a slight 
swelling of the cells towards the end of the 
experiment, as shown by a 10% increase in the 
hematocrit. This change in volume of compart- 
ment B is so small, however, that it does not 
affect the fit of the equation. The function 
(P/Pa; — 1) in equation 3-11 is plotted on a 
logarithmic scale against time in Figure 3. A 
curve drawn on the assumption that the flow of 
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TABLE I 


Uptake of deuterium in pregnant rats vihose body fluids were enriched with DtO 
Calculations from data presented by Goldwater and Stetten to obtain the function (1 — qlq„). 


Days on D:0 

Fetal cholesterol 


Liver cholesterol 


Carcass cholesterol 


q/q* =D/Db« 

1 -q^qM 

D 

q/q* =D/D3 

1 -q/q» 

D 

q/qM=D/Da 

1 -q/q» 

18-181 

18-181 

■per cent 
body icater 

5.0 

8.2 



per cent 
body water 

4.8 

10.5 

0.105 

0.229 

0.895 

0.771 

per cent 
body water 

2.5 

0.072 

0.928 

18-18i 

18-19 

11.3 

15.4 

0.204 

0.279 

0.796 

0.721 

11.3 

13.5 

0.246 

0.294 

0.754 

0.706 

4.7 

0.135 

0.865 

18-19i 

20.4 

0.368 

0.632 

17.7 

0.386 

0.614 

3.9 

0.112 



24.2 

0.438 

0.562 

19.8 

0.432 

0.568 

6.7 

0.193 


■9 

55.4 

— 

— 

45.8 


— 

34.8 

— 

— 


* D 20 represents the D of the various fractions for the rat which was fed D 2 O for the total 20-day period. 


K^- is determined by its concentration in plasma 
and cells fits the data equally well, and is prob- 
ably preferable on theoretical grounds. 


The symmetry of this system is very interest- 
ing. The observations of the time course can 
be made on either plasma or cells, provided that 



COMPARTMENT A 

P 



Q 


compartment b 


Fig. 3. Case 3: Uptake of K® by Red Blood Cells from Plasma 

The function P/P„ - I is plotted on a logarithmic scale against time. From the slope and intercept of this curve 
the transfer coefncients kb» and k»b may be determined. 
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the equilibrium amounts in both compartments 
be determined. Indeed, it is theoretically pos- 
sible, though not experimentally desirable, to 
characterize this system exactly by only three 
measurements: the amount of isotope in either 
component at any time t, prior to equilibrium, 
and the equilibrium amounts. 

6. Case 4 — Diffusion or flow out of a compartment 

An example of flow out of a compartment is 
the escape of sodium from the blood stream 
following a single intravenous injection. Mer- 
rell, Gellhorn and Flexner (11) have derived 
equations which describe this process in the 
guinea pig. In the case of the guinea pig, the 
process can be described by a simple exponential 
similar to, but not identical with, that given in 
Case 3, in which compartment A is the plasma 
and P is the amount of tracer sodium in the 
plasma. Merrell et al. assume that the process 
of sodium movement is one of diffusion, that is, 
that the coefflcient of transfer into the plasma 
equals the coefficient of transfer out when the 
equation is expressed in terms of concentration 
of sodium in the various compartments. Appa- 
rently, it is assumed implicitly that there is no 
sodium excretion during the course of the experi- 
ments. 

In the dog (Gellhorn, Merrell, and Rankin 
[12]) and in man (Flexner, Cowie, and Vos- 
burgh [13] and Burch, Reaser, and Cronvich 
[14]), the process is described by at least two 
separate rates. A two-rate system (neglecting 
return from extra-cellular fluid to plasma) im- 
plies the presence of a split compartment in the 
extra-cellular fluid, rather than a compartment 
with two leaks of different size. Two leaks of 
different size are equal to one leak of larger size, 
and can be described by a single transfer coeffi- 
cient. However, as Gellhorn el al. point out 
(12), the situation is far different when the return 
of Na-^ to the plasma is taken into account. 
Assume that the Na^^ escapes from the plasma 
into two separate external compartments as 
shown diagrammatically in Figure 4, entering 
one quickly and the other slowly. The return 
from these t\ro compartments to the plasma 
must be characterized by two different rates, 
since the amount of tracer in compartment B is 
different from the amount in compartment C. 


Thus, the flow of Na*^ from the plasma will be 
described bj’’ an equation containing at least 
two exponentials. It is not assumed that the 
compartments B and C exist as such in the 
body, but rather that one, say B, represents the 
average of a number of areas to which the sodium 
is transferred quickly, and the other, C, the 
average of a number of areas to which the 
sodium is transferred more slowly. 

In the treatment that follows, three basic 
assumptions will be made: first, that the volume 
of the compartments remains constant; and 
second, that there is no excretion of Na"^ during 
the period of observation. For simplification, 
we will also assume that the coefficient of trans- 
fer across the membrane separating the compart- 
ments is the same in both directions. That is. 


4-1 


kflb — kba — kij kac — kca — kj 


The equations that follow are similar to those derived by 
Gellhorn el at., and the reader is referred to Appendi-v 1 
of reference 12 for the derivation. 


4-2 

4-3 

4-4 


4-6 

4-7 


dt 


— ~ kiP -f- kjQ — k:P -f- kjR 


f - k.P - hQ 


dR 

dt 


= kaP - feR 


4-5 P -f- Q + R = P, 
dT 


dP 


= - 2(ki + k=) ^ - 3k2kiP + kikiPo 
P = aie~‘’i* -p a2e”'’*‘ -{- ^Po 


where 


ai = -IPo -p 'gPi 
32 = fPo — gP| 


(ki -p kg) 


Vki® — kikg -p kg- 
(ki -P kg) 


Vki® — kjkg -p kg^ 
bi = (ki -p kg) -p Vki" — kikg -p kg- 


bg = (ki -p kg) — Vki^ — kikg -p kg- 
4-8 At equilibrium, 

P = Q = R = JPo 


In the course of studies now in progress to 
determine the uptake of Na^^ by cerebrospinal 
fluid. Sweet, Solomon, and Selverstone (15) have 
examined the diffusion of this isotope from 
human plasma. The results have been plotted 
in Figure 4, and analyzed on the basis of the 
equation 4-7. For the purpose of this example, 
a smooth curve drawn through the experimental 
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Fig. 4. Case 4; Disappearance of Na*< from Plasma in Man 
Counts/min. in 0.1 ml in the plasma is plotted on a logarithmic scale against time. The transfer coefficients may bt 
determined from the slopes and intercepts of the first and second rates, and the value of the constant term. 


points has been used ; the full data will be pub- 
lished elsewhere. In Figure 4, the radioactivity 
has been expressed as counts per minute in 
0.1 ml, plotted on a logarithmic scale against 
time; since constant volume is assumed, this 
expression is a valid index of the total amount of 
radioactivity'’, P. In order to analyze a curve 
plotted in this way into its components, the 
constant term is first subtracted graphically from 
the curve. The difference between these two 
curves, shown in Figure 4 as the crosses, is then 
plotted, and the straight line Is drawn which 
best fits these points. That straight line gives 


the second rate and has the slope — bj. It, in 
turn, is subtracted from the points represented 
by the crosses that do not fall on the line at 
the beginning of the period of measurement. 
Thus, the first rate, given by the circles on Figure 
4, is obtained. The method of analyzing experi- 
mental curves by a sum of exponentials with con- 
stant coefficients is so powerful, and the number 
of adjustable constants so large, that great care 
must be taken in interpreting such curves physi- 
ologically. 

Accepting this curi'e as a formal description 
of the behavior of the labeled material in the 
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plasma, one would expect that a knowledge of 
the total amount of injected material, and the 
intercept of the curve of concentration of Na*^ 
at zero time, would lead to a good value of the 
total plasma volume. In the dog, Gellhorn el al. 
(12) were unable to obtain reliable results by the 
use of this method, a conclusion supported by the 
preliminary experiments in man of Sweet, Solo- 
mon, and Selverstone (15). This may be due to 
incomplete knowledge about the early part of the 
curve. 

7. Case 5 — Uptake of radioactive material in a 
three-compartment system 

An example of this case is found in the uptake 
of Na^^ by ventricular cerebrospinal fluid (^follow- 


ing intravenous injection. In order to determine 
the coefficient of transfer into the cerebrospinal 
fluid, it is not necessary to accept any hypothesis 
as to the physiological basis for the time curve 
of isotope in the plasma; it suffices to e.xpress 
the curve analytically. The equations that fol- 
low have been developed on the basis of the 
plasma equation given in Case 4, as equation 
4-7. As can be seen from the diagram in Figure 
5, the conditions are not exactly identical with 
those assumed for Case 4. Then we assumed 
that the coefficient of transfer from compartment 
A to compartment B was equal to that of transfer 
in the reverse direction. As has been shown, an 
equation can be derived on those assumptions, 
which describes the time course of the tracer 
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Fig. S. C.A.SE 5: Uptake of Na*’ by Cerebrospinal Fluid from the Plasma 
Counts/min. in 0.1 ml in the cerebrospinal fluid is plotted on a logarithmic scale against time. The transfer coefficient 
k.t, and the sum of coefficients (kba + kb,,) can be determined from the slopes and intercepts of the second and third rate 
and the value of the constant term. 
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content of the plasma. In the case of cerebro- 
spinal fluid, we will assume that the volume of 
the compartments and their Na concentration is 
constant. 

We will represent the plasma as before by 
compartment A, and the ventricle as compart- 
ment B. The coefficient of transfer kbo will 
represent the flow of Na^^ out of the ventricle 
toward the cistern. Since some of the Na^^ will 
find its way back to the plasma by this route, 
kbo and kbo could, if desired, be represented 
together as a single constant. The equations 
to be derived in this case do not permit their 
individual determination. 


4- 7 P = + JPo 

5- l § = k.bP - WQ - kbcQ = kobP - (kbo + kbolQ 


1^2* O = g-bit J 

^ (kb. -k kbo) - bi ^ (kbo -f- kbo) - b 


koba- 




5-3 At equilibrium 

p — (kb* d- kbo)Q 
kob 


Figure 5 presents a smoothed curve drawn 
from the experimental results of Sweet, Solo- 
mon, and Selverstone (15). The same method 
has been applied in plotting and analyzing this 
curve as has been used with Figure 4. The 
values of the transfer coefficients can be obtained 
from the slopes and intercepts of the various 
segments of the curve, since ai, 32, bi, b 2 are all 
known, at least empirically, from the curve pre- 
sented in Figure 4. It will be noted that the 
analysis in Figure 5 does not include the first 
rate of Figure 4 with its half-life of three minutes. 
A further test of the validity of equation 5-2 is 
available by comparing the slopes of the second 
term of equation 4-7 (tj = 19 mins.) with the 
same term (tj = 9 mins.) in 5-2. It is seen that 
the agreement is not good. It would perhaps be 
surprising to obtain good agreement under these 
conditions, since no account has been taken of 
the viscosity of the cerebrospinal fluid, nor has 
any allowance been made for mixing time. In 
so complex a system, it must be emphasized 
that the equations give only a formal descrip- 
tion. Many experiments must be carried out in 

_ • For details of the solutions of such differential equa- 
tions, sec the relevant chapter in reference (5). 


order to determine tvhether such a mathematical 
description fits the physiological facts. 

8. Ultra-filtration vs. secretion 

Kinsey and Grant (16) in their studies on the 
uptake of tracers by the,5aqueous humor have 
pointed out that the equilibrium values for the 
components in tracer systems are not in them- 
selves sufficient to decide what mechanism is 
operating. Consider Case 2 and equation 2-7, 
as an example of secretion 

2—7 — kabP — kboq 

Here p and q are the concentrations in compartments A 
and B, and return from compartment B to compartment 
A is excluded. 

If it is assumed, as in ultra-filtration, that the barrier 
between compartments A and B is a simple membrane, and 
that the coefficient for transfer across that membrane (with 
respect to concentration) is the same in both directions, 
equation 2-7 becomes 

6-1 ^ = kabP — kabq — kboq 

The solution for 2-7 (secretion) is 

6-2 q = ^Po(l - e-i^bot) 

and for 6-1 (ultra-filtration) 

6-3 q = Pofl - e-t''«b+i'bon) 

Since kab -f- kbo can be represented by another constant, 
say kbb, it is not, in general, possible to decide between 
these two hypotheses without additional independent 
measurements of one of the constants. If, however, the 
constant in the denominator of equation 6-3 is less than 
k,b, it is apparent that the mechanism is not one of ultra- 
filtration. 

Another example of this problem is afforded 
by the uptake of by cerebrospinal fluid. 
As has been pointed out, the sum of the constants 
kba + kbo in equation 5-2 can easily be deter- 
mined, but the individual values cannot be ob- 
tained independently without further measure- 
ment. 

9. Precursors 

Zilversmit, Entenman, and Fishier (17) have 
put forward a criterion that states that one com- 
pound, A, is the precursor of a second, B, if, 
when the specific activity of B has reached its 
maximum, it equals the specific activity of A. 
Let us examine this criterion on the basis of our 
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Case 2 which is similar to that described by 
Zilversmit et al. 

Let the specific activity in A be denoted by P, = P/P* 
where P* is the total amount of unlabeled isotope in com- 
partment A, and similarly, let Q, = Q/Q*- 

From 2-1 

^ = kabP - kboQ 
for Q = maximum 

10-1 ^ ° = k.bP.P* - kboQ.Q* 

10-2 kabP.P* = kboQsQ* 

Since Ps = Qs to satisfy the criterion 
10-3 kabP* = kboQ* 

Equation 10-3 states that the amount of un- 
labeled isotope in compartment B is in equi- 
librium, in agreement with the assumptions 
initially made by Zilversmit et al. 

Another criterion may be found by considera- 
tion of a chain of reactions. Let J — > K — > L, 
in a series of unimolecular reactions which can 
be described by the basic assumptions in section 
1, The rate of growth of K from J will be given 
by an equation with a single exponential term, 
as shown in Cases 2 and 3. The rate of growth 
of L from J, however, will be governed by an 
equation which requires two exponential terms 
to describe it, and each succeeding member in 
the chain, M, N, and O, will require an additional 
exponential term in the equation (Burton [1]). 
Thus, we can say, if J is the precursor of K, a 
single exponential will suffice to describe the 
growth of K from J. If our basic assumptions 
describe the reaction correctly, the addition of a 
second exponential in the expression for growth 
must mean a two-step process. 

10. Discussion of mathematical methods 

As has already been mentioned, the use of 
differential equations to describe steady states 
of this kind is not new. Indeed, Burton (1) 
derived his description of the steady state in 
1936 with no reference to isotopes. The most 
general treatment of this kind is that given by 
Sheppard (9). Tobias (18) has derived a sys- 
tem of equations describing the movement of 
isotopes under conditions of constant volume. 
Burch, Threefoot, and Cronvich (19) have ex- 
amined the effect of changes both of compart- 


ment volume and amount of unlabeled isotope 
on the constants involved in such equations. 

It is also possible to describe the behavior of 
tracer systems by the use of integral equations, 
Shemin and Rittenberg (20) have made use of 
an integral equation in order to determine the 
life span of the human red blood cell using 
glycine-labeled hemin, a case very different from 
those considered here, since the decrease of 
labeled activity is a function of the age of the 
red blood cell in which it is contained. Branson 
(21) has also used integral equations in order to 
describe isotope systems. 

SUMMARY 

Equations have been developed and discussed 
covering five common cases of the use of isotopes 
in biological and physiological systems. 
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THE ^THERAPEUTIC APPLICATION OF RADIOACTIVE PHOSPHORUS 
: WITH SPECIAL REFERENCE TO THE TREATMENT OF PRIMARY 
POLYCYTHEMIA AND CHRONIC MYELOID LEUKEMIA " 

By HYMER L. FRIEDELL and JOHN P. STORAASLI 

(From the Department of Radiology, University Hospitals, and JVcsIci-n Reserve University 

School of Medicine, Cleveland, Ohio) 


The use of radioactive phosphorus in the treat- 
ment of disease stems from the initial studies made 
by Lawrence and his colleagues in 1936 (1). 
Since then there have been a number of reports 
which establish the efficacy of this form of therapy 
in chronic leukemia and polycythemia (2-11). 
These clinical reports have been issued from a 
number of separate institutions, indicating that 
independent experiences are now fairly wide- 
spread. The report by Reinhard et al. (12) is an 
exhaustive review of the clinical course of pa- 
tients treated in this fashion. Similar studies b}^ 
Doan et al. (13) and Lawrence et al. (14) add ex- 
tensively to the data now available in the litera- 
ture. It is our intention here to add to the clini- 
cal observations presented in the previous reports, 
but we wish particularly to emphasize the perti- 
nent information available from the literature and 
from our own work which is the basis and ration- 
ale for such treatment. 

The concept of treating disease with internally 
distributed radioactive materials is not completely 
new and attempts in this direction have previously 
been made by introducing into the blood stream 
some of the naturally occurring elements, such as 
radium. However, the invention of the cyclotron 
and more recently the development of high energy 
nuclear reactors of the Atomic Energy Commis- 
sion have given considerable impetus to this con- 
cept of therapy. This is particularly true because 
of the wide variety of radioactive elements which 
can be produced by these devices, some of which 
have suitable characteristics (desirable half-life, 
proper radiation characteristics, and satisfactory 
chemical properties). 

The rationale of treating patients with radioac- 
tive material arises from the desire to irradiate 
selectively certain specific tissues and to prolong 

^ Some of tlie work was performed under A.E.C. 
contract No. W-31-109-eng-78 with Western Reserve 
University. Also supported in part by a grant from the 
Elsa U. Pardee Foundation. 


the irradiation over one or more life cycles of the 
cells to be irradiated. Ever since it became clear 
that ionizing radiatio'n could affect malignant tu- 
mors and allied conditions in a beneficial manner, 
selective localization has been continually sought 
after. The radiation would thus be localized pri- 
marily in a specific tissue or organ, sparing the 
normal remaining tissue from any deleterious ef- 
fect. Even when external radiation is employed, 
an effort is made to localize the radiation in a 
specific site. This is achieved with external X-rays 
by means of cross-firing techniques and sharply 
limited portals. 

At the present time the outstanding example 
of selective localization concerns itself with the 
deposition of iodine in the thyroid gland and the 
use of radioactive iodine for treatment of diseases 
of this gland arises from this highly specific locali- 
zation. 

In the case of P®-, a similar though much less 
pronounced selective deposition exists in leukemic 
tissue, in the erythrocytogenic tissues in primary 
polycythemia, and in certain rapidly growing tu- 
mors. Moreover, P®- is preferentially deposited 
in bone, since phosphate is a continuous require- 
ment and important constituent of bone. This 
further adds selective radiation to the bone mar- 
row which, in general, is the important site of the 
two diseases noted above. 

In addition to selective localization in the case 
of various radioactive elements, the differential 
sensitivity of cells during various phases of the 
mitotic cycle must be considered. If it is true that 
cells are affected by radiation only during certain 
phases of the mitotic cycle, then prolonged low- 
grade radiation such as that which can be achieved 
by the use of P®- may be highly desirable. The 
fact that rapidly metabolizing, poorly differenti- 
ated tissues are sensitive to radiation may be an- 
other important factor. 

It is known that phosphorus introduced into 
the blood stream in the form of a readily diffusible 
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and ionizable phosphate will be available to all 
tissues of the body and those tissues which utilize 
phosphorus in their metabolic processes will rap- 
idly take up this element. The rate of uptake and 
the deposition of phosphorus — and here there is 
no distinction between radioactive phosphorus and 
ordinary phosphorus — is a function of several 
things. 

1. The metabolic turn-over rate will determine 
the rate at which a specific cellular structure will 
reach equilibrium with its milieu. This is depend- 
ent upon (a) the metabolic activity of the tissue, 
and (&) its rate of growth. The two may be 
closely intertwined and inseparable. 

2. The need jor phosphorus, or indirectly, the 
amount of phosphorus ordinarily present in any 
specific tissue. This will be a gross index of 
the prospective uptake of 

3. The chemical nature oj the phosphorus com- 
pound, that is, whether it is easily ionizable, bound 
to organic compounds, or in insoluble form, de- 
termines in considerable measure the uptake in 
any specific tissue. An example of an insoluble 
form is chromic phosphate which is made up in 
a suspension and after being introduced intra- 
venously is deposited in the reticulo-endothelial 
system of the liver, spleen and bone marrow. 

4. The permeability of the cell membrane. The 
characteristics of the membrane, the pH of the 
cell environment, and other factors undoubtedly 
contribute to the transfer of phosphorus into the 
cell. 

If, theoretically, all tissues of the body, normal 
and neoplastic, had the same type of phosphorus 
containing constituents and the same turn-over 
rate, the use of P^- would be entirely without ra- 
tionale and would correspond to external spray ir- 
radiation with X-rays. It is well known and well 
established, however, that normal cells of various 
tissue structures have different metabolic and 
turn-over rates and different phosphorus require- 
ments. When P^- is introduced into the body, 
differing levels of radioactive phosphorus will 
thus occur in the different tissues. In addition to 
this, tissues in which replacement is rapid (thus 
producing a rapid metabolic uptake of all the ele- 
ments and compounds which enter into the con- 
stituent of the cell) approach equilibrium much 
more rapidly than cells of lower activity and thus 


achieve a higher level of radioactive phosphorus 
and a correspondingly higher level of radiation 
than the less active cell. 

If we assume a constant amount of P®^ in the 
vascular and intracellular fluid, then the tissue cells 
in any organism will have the same specific ac- 
tivity of P^^ (the ratio of active to inactive phos- 
phorus) when the organism finally reaches equilib- 
rium. Before equilibrium is reached, however, 
those tissues having the more rapid metabolic rate 
and turn-over will contain more P^^ or, more pre- 
cisely, a higher specific activity of P^^ will exist. 
If no difference in the metabolic and turn-over 
rate exists, then the rate at which equilibrium is 
approached is the same for all tissues and specific 
activity is the same for all tissues at all times. 

In the actual therapeutic application of radio- 
active phosphorus certain information must be 
available for orientation in this means of therapy. 

1, Information about the pertinent characteris- 
tics of the radiation from P^^ and its radioactivity 
constants is essential. 



Fic. 1. 

The biological half-life is \-aIid only after the third 
day, at which time 62% of the injected dose was re- 
tained. It is a composite cun-e of the amount excreted 
plus the decay of the P”. 
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2. The known phosphorus stores and require- 
ments of the various tissues of the body should be 
known. The amount and kind of phosphorus- 
containing compounds is important and the distri- 
bution of nuclear proteins, phosphatides, and in- 
organic phosphate is very helpful. 

3. The turn-over rate or metabolic activity of 
specific normal tissues as well as neoplastic tissue 
should be evaluated if possible. 

4. The rate at which radioactive phosphorus 
disappears from the body in the excreta should be 
ascertained. Reference is occasionally made to 
the biological half-life which is a composite of the 
rate of loss from the body together with the rate 
of loss by natural decay (see Figure 1). Obvi- 
ously this is important in deciding about dosage 
determinations. 

5. The biological effects of the radiation from 
must be appreciated. This can be roughly di- 
vided into (c) lethal effects, (b) specific effects 
on sensitive tissues such as depression of the white 
blood cells in the hematopoietic system, and (c) 
other effects, such as radiation necessary to pro- 
duce erythema of the skin, etc. 

Characteristics of P®®. P®® has radiation and 
disintegration characteristics which are readily 
adaptable to biological purposes.® The half-life 
of P®® is 14,3 days. It emits a beta particle whose 
peak energy is 1.69 MEV and which has an aver- 


age energy of 0.7 MEV. Tlius, the peak range 
in tissue is about 8 mm. and the average range is 
approximately 2 mm. Therefore, in a large mass 
of tissue, the radiation is essentially localized in 
the tissue in which the phosphorus is deposited. 

The dosage calculations of radiophosphorus, or 
a calculation of the energy absorbed per unit mass 
of tissue, are easily made and are often converted 
into roentgen equivalents, since a great deal of bio- 
logical information is available on external radi- 
ation which has been measured by means of this 
unit. Since the roentgen is defined in terms of 
the ionization occurring in a fixed mass of air, it 
is possible therefore to convert energy absorbed by 
tissue from internally distributed radioactive ele- 
ments into roentgens, sometimes referred to as 
roentgen equivalent physical (rep), or roentgen 
equivalent. 

It is necessary to know the distribution of the 
radioactive element in tissue, that is, the number 
of microcuries ® per unit mass of tissue, the energy 
available on the average from each beta particle 
emitted by phosphorus, and the number of ergs 
corresponding to one roentgen, (This is derived 
from the original definition of the roentgen by 
introducing the energy required to produce an ion 
pair.) The calculations for one microcurie per 
gram for complete decay are as follows ; 


Calculation of tissue dosage in roentgens due to the complete decay of 1 microcurie of in gram of tissue 
Half-life = 14.3 days 

Average life = = 14.3 X 86,400 X 1.443 seconds 

Average energy per disintegration = Peak energy X 0.4 = 1.69 X 0.4 MEV roentgens 

_ (microcuries) (dis./sec./microcuries) (aver, life in sec.)(aver. energy in MEV)(ergs/MEV) 

ergs/roentgen 

(1)(3.71 X 100(14.3 X 86,400 X 1.443)(1.69 X 0.4)(1.6 X lO"®) 

83 

= 857 (roentgens for complete decay of 1 microcurie in 1 gram of tissue) 


-Radioactive phosphorus was first produced in the 
cyclotron by E. O. Lawrence by the bombardment of red 
phosphorus placed in the external target chamber or the 
bombardment of an iron phosphide probe placed in the 
deuteron beam (d,p reaction). Since the development of 
the piles or nuclear reactors now being operated by the 
Atomic Energy Commission, radiophosphorus is now 
made primarily from sulfur by the n,p reaction, produc- 
ing essentially carrier-free P”. It is also possible to 
produce phosphorus in the pile by the n, gamma reac- 
tion. The n,p reaction with sulfur obviously provides 
carrier-free material. 


8 1 microcurie is lO"" curies. A curie . is defined as 3.7 
lO” disintegrations per second. 

Radioassay of P”. Shipments of P“ from Oak Ridge 
are in the form of aqueous solutions of HaPOi at pH 
3-5. These samples, properly diluted, are evaporated 
on a silver disc so as to approximate closely the size and 
activity of the deposit of the RaD -f E standards dis- 
tributed by the Bureau of Standards. These samples are 
then counted along with the RaD +E standard and 
absorption curves run for both. A value of the count at 
zero absorber is obtained by extrapolating the above 
cur\’es to zero, allowing for the thickness of the G-M 
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tVERWE GEHERftL DISTRIBUTION OF P” FOR 14 OMS 
IN 16 NORWRU RUBINO RATS 



DAYS 


Fig. 2 

The curve shows the distribution of retained P” in 
skeleton and viscera and the amount excreted for in- 
tervals throughout 14 days. The amount retained in the 
skeleton progressively increases beyond the 14 day period. 

Phosphorus content of norjnal tissue. The nor- 
mal phosphorus stores of the various tissues of the 
body are an important consideration in the feasi- 
bility of treatment with ionizable Since the 
stores of phosphorus in the tissues generally reflect 
the need for phosphorus, the amount of P®- taken 
up in tissue will be directly related to this need. 
Bone, therefore, contains more phosphorus than 
any other tissue. Figure 2 indicates the character 
of the distribution of intraperitoneally administered 
in the skeleton and the soft tissues over the 
first two weeks. 

Cohn and Greenberg (15) found that retention 
of P^- per unit fresh weight in various tissues de- 
creased in the following order : bone, liver, in- 
tube window and additional air absorber. By comparing 
the zero absorber counts of the P“ and the RaD + E 
standard, an absolute millicurie value is obtained for the 
P”. This value must be corrected,- however, for the 
difference in backscattering from silver of the beta parti- 
cles of P” and the RaD + E standard. This correction, 
when applied, reduces the above absolute millicurie value 
by 7^. Results obtained by this method generally check 
with the assay of the Oak Ridge National Laboratories 
values to within 5%. 


testine, heart, kidney, lung, muscle, skin and 
brain. After 98 days, 92^o of the retained phos- 
phorus was present in the skeleton. Studies made 
on rats in which amounts of P®" were considerably 
greater than tracer doses, gave the distribution 
as seen in Table I, 

The turn-over rate, or metabolic activity of vari- 
ous normal and neoplastic tissue. Some concept 
of the metabolic activity with regard to phosphorus 
in the various normal tissues as well as abnormal 
cellular grovvths is very important. The greater 
differential absorption rate in growing tissue as 
compared with adult tissues has been shown in 
tissue culture by Bulliard et al. (16). Compari- 
son of the uptake of P^- of neoplastic and normal 
tissues has been made by Kenney et al. (17) and 
by Lawrence and his associates (18-21). It has 
been demonstrated quite conclusively that more 
P** is present in the rapidly growing tissue than in 


TABLE I 

Per cent of inlraperiloneally infected P** present in 
various tissues of albino rats 


Organ 

1 

! 1 day 

7 days 

14 days 

1. Skeleton 

45.0 

41.5 

34.2 

2. Muscle 

19.4 

10.8 

16.2 

3. Digestive Tract 

14.4 

2.5 

4.2 

4. Liver 

9.2 

1.3 

1.8 

5. Skin 

5.4 

1.4 

2.0 

6. Brain 

0.13 

0.20 

0.20 


normal tissue, and particularly high in neoplastic 
tissue. Forssberg and Jacobsson (22) found in 
their studies of animals with intravenously labeled 
phosphate that, in the case of transplanted Brmvn- 
Pearce tumors, the metastatic tumor took up as 
much P“- as other active organs (spleen, liver, 
kidney) and about five times as much as less ac- 
tive tissue (diaphragm, omentum, lymph nodes, 
pleura). Forssberg (23) investigated the uptake 
of by hone metastases and found that these 
would take up much larger amounts of P^- per gram 
of wet weight than a corresponding weight of nor- 
mal bone. The work of Marshak (24) in compar- 
ing the uptake of P’- in the nuclei and cjToplasm 
of normal and malignant cells indicates that the 
malignant cells not only accumulate more P*' than 
the normal cells, but that the relative proportion of 
administered phosphorus in the nucleus as com- 
pared to the endoplasm is much greater in the 
malignant cell than in the normal cell. This is 
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true not only for malignant cells but for rapidly 
multiplying normal cells. 

Studies of the distribution of P^- taken up in 
the nucleo-protein, phosphatide, and acid-soluble 
fractions in normal tissues, leukemic tissues, and 
tumor tissues, indicate that the highest uptake was 
present in the nucleo-protein of leukemic and tu- 
mor cells. The differences between the various 
phosphatide and acid-soluble fractions were not 
remarkable. It is apparent that the nucleo-pro- 
teins of leukemic and tumor cells were synthesized 
more rapidly than those of normal cells of the 
mouse, and therefore incorporated more P®'. Since 
no important differences exist between the normal 
phosphorus content of the nucleo-protein frac- 
tions of the various tissues, the specific activity of 
the nucleo-proteins of the leukemic and tumor 
cells are therefore higher than that of normal 
cells. 

Rate of loss from the body. Information on the 
rate at which material is lost from the body is vital. 
In order to determine the effectiveness of therapy 
it will be necessary to determine the amount of ma- 
terial actually distributed in the tissues. There 
are considerable discrepancies between various in- 
dividuals in the amount retained. It is possible, 
however, to collect the excreta of patients during 
the treatment period and ascertain precisely the 
amount distributed in the body. The information 
which is gained in this way is difficult to apply in a 
practical manner. In general, it has been found 


that patients excrete 5% to 25% of the adminis- 
tered P^* in the first four to six days when given 
intravenously, and 15% to 50% in the first four 
to six days when given by mouth (25), It is gen- 
erally recognized that the retained dose of the 
material given by mouth is 75% of that given 
intravenously. Figure 3 shows corollary data 
which have been obtained in rats, indicating the 
rate of excretion which may be expected after 
intraperitoneal administration. At the end of 
two weeks 46% is excreted, and of the remaining, 
20% is in the viscera and musculature, and 33% 
in the bone. The ratio of bone deposition to soft 
tissue deposition continues to increase with time. 
The figure for bone has added significance when 
one recognizes that bone comprises only 10% of 
the body weight. 

It has been shown that the rate of retention in 
leukemic patients is higher than in normal for 
the first few days but it is not improbable that 
after the first week or ten days the excretion 
rates in normal and leukemia patients are compar- 
able. In calculating dosage, the biological half- 
life, which is a combination of the excretion rate 
and the physical decay rate, is actually more help- 
ful than the physical decay rate alone (see Fig- 
ure 1). 

Biological effectiveness. The biological effec- 
tiveness of radiation from P^- must be evaluated 
for each separate system in the body. However, a 
broad general idea may be obtained from the rate 


EQUILIBRIUM AND EXCRETION CURVES FOR P’* 
FOR 15 NORMAL ALBINO RATS 



Fig. 3 

Tlie rate of excretion changes after the tliird day. Prior, to 
this, the excretion is definitely more rapid and the curve has been 
arbitrarily called the equilibrium curve. 
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15 DAY SURVIVAL CURVE IN 
WISTAR STRAIN ALBINO RAT 
GIVEN P=« INTRAPERITONEALLY 



The LD» for P” given intraperitoneally is approxi- 
mately 4.5 microcuries per gram in the albino rat (for a 
IS day period). 

of survival and in Figure 4 a survival curve is 
shown for rats having received P’" intraperi- 
toneally. The LDbo for a 15 day period is about 
4.5 microcuries of administered P’^ per gram of 
body weight. These animals die of severe leuko- 
penia, thrombocytopenia and anemia. There are 
numerous foci of infection and severe hemorrhagic 
manifestations throughout the body. Observations 
have been made with regard to the total maximum 
depression in the white blood count. Increasing 
doses show an increase in the total maximum de- 
pression. We have found in rats that 0.7 micro- 
curies per gram of body weight produces a maxi- 
mum depression of about 50% occurring in ten 
days. 

Studies have been made of erythemas produced 
on the skin by Osgood et al. (26). The dose to 
produce a threshold erythema was found to be 34 
microcurie hours per square centimeter. 

CLINICAL RESULTS WITH 

In the past two years, over 50 patients have been 
treated with radioactive phosphorus at the Uni- 
versity Hospitals of Cleveland. In this number 


are included the chronic leukemias (myeloid and 
lymphatic), primary polycythemias, several acute 
leukemias in children, a selected group of breast 
carcinomas which have metastasized widely to 
bone, and a small number of miscellaneous condi- 
tions in which it was thought desirable to observe 
the effect of P®-. There were no cases of Hodg- 
kin’s disease or lymphosarcoma since the experi- 
ence with these diseases is, at best, uncertain when 
treated by P®^ and because their response to X-ray, 
at least in the earlier stages of the disease, is gen- 
erally good. In addition, the treatment of ordinary 
uncomplicated lymphoid leukemias with P^" has 
been avoided since the bone marrow, although in- 
filtrated with lymphoid elements, is not hyper- 
plastic and the normal elements of the marrow re- 
ceive unnecessarily heavy radiation. The six cases 
of lymphatic leukemia included in this study were 
those which had failed to respond to previous 
X-ray or were cases in which the disease was so- 
widespread that the immediate outlook was very 
poor. This accounts for the fact that all the pa- 
tients with lymphoid leukemia were dead within 
seven months following the beginning of P^® 
therapy. All the patients reported here had ster- 
nal marrow biopsies showing marked displace- 
ment of the normal marrow elements by mature 
and immature lymphocytes. 

As has been demonstrated by others, primary 
polycythemias show excellent response to P®®. 
The response in this group is followed closely by 
that occurring in chronic myeloid leukemias after 
treatment with phosphorus. 

The cases of acute leukemia, all occurring in 
children, in general responded very poorly. One 
individual, however, received definite beneficial 
effect with a remission which lasted for almost a 
year — ^the patient dying at the end of this period. 
There were widespread destructive lesions in bone 
which showed considerable improvement follow- 
ing therapy. 

It is our intention here to report in detail the 
primary polycythemias and chronic leukemias 
since these have received greatest attention in the 
literature previously and for which the broadest 
background exists. 

Polycythemia riihra vcra. Ten cases of primaiy 
polycythemia have been treated with radioactive 
phosphorus. Table II gives a brief summary of 
the clinical and hematological data for each pa- 



TABLE II 

Polycythemia rubra vera 



* Wintrobe Method. 

t Sahli-Haden Method; 15.4 grams = 100%. 
t Normal platelets 250,000 to 500,000. 
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Fig. 5 

These curves are the initial hematological responses to P” of the first nine cases. Case 
10 was omitted because death occurred before complete hematological response was obtained. 


tient, and Figures 5 and 6 give graphically the 
initial hematological response of the first nine 
patients and a composite average response of the 
group. 

In Table II it may be observed that all cases 
had initial red blood cell counts ranging from 6.21 
to 9.4 million per cubic millimeter of blood; the 
hematocrits range from 51 % to 77 % (Wintrobe 
method) and the platelets were either normal or 
increased in number. In the majority of the cases 
the white cell counts were above normal. In all 
but two cases a palpable spleen was present. The 
sternal marrow biopsies showed normal or hyper- 
plastic cellularity. 

The response to P®- was reasonably prompt. 
The peripheral blood counts show'ed definite evi- 
dence of response at about one month and the re- 
sponse was maximum in a period of approximately 
three to four months. Coincidentally, an immedi- 
ate depression of the white cell count occurred. 
The average initial white blood cell count was 


19,000 per cubic millimeter and leveled off just 
above 5,000 white blood cells per cubic millimeter 
after treatment (see Figure 6). In two of our 
cases, marked depression of the platelet count was 
demonstrated. This was accompanied by purpura 
and spontaneous dependent ecchymosis (Cases 2 
and 8). In Case 2, this occurred after the third 
course of phosphorus. After the initial episode, 
neither patient showed further evidence of hemor- 
rhage and the thrombocyte counts returned to es- 
sentially normal levels. Two cases (Nos. 1 and 
4) failed to respond adequately to P^-. The 
reason for failure in these two cases is obscure. 
The diagnosis of primary polycythemia in Case 1 
may have been in error. Since chronic lung dis- 
ease w'as present, it is possible that this may be a 
secondary polyc 3 Themia. 

To date, the duration of remissions in the eight 
cases responding favorably' ranges from four to 15 
months with an average remission period of ap- 
proximatel}’- seven months. However, we have 


MIL.. 
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POLYCYTHEMIA RUBRA VERA 



MONTHS 

Fig. 6 

Case 10 was omitted from the composite curve. The 
patient died two and one-half months after therapy was 
instituted. The average maximum response in the red 
blood count is obtained in five months, as shown by 
this curve. 

not yet followed these cases long enough to have 
a definite opinion on the length of the remission 
period. The indications are that these intervals 
will be comparable to those observed by others. 

The criteria for selecting cases have concerned 
themselves with evidence of the typical triad of 
polycythemia, that is, megakaryocytic, erythroid 
and myeloid hyperplasia. This was present in all 
the cases. Cases showing less than 6 million red 
blood cells per cubic millimeter were not treated. 

Dosage. The dosage levels for polycythemia 
have not been rigid or fixed. At present, a dose 
of 100 to 150 microcuries per kilogram adminis- 
tered over a period of ten days to two weeks ap- 
pears to produce a satisfactory remission in the 
majority of cases. Occasionally the administration 
has been continued over a longer period of time. 
In general, it has been our tendency to treat poly- 
cythemias cautiously since it is not possible to 
gauge the dosage from the hematological response 
until approximately three months have elapsed. 
For this reason it is found necessary to repeat the 
course in some of the cases after this period of 
time. 

Chronic myeloid leukemia. To date, 15 cases 
of chronic myeloid leukemia have been treated 
with P*-. Table III gives the clinical and hemato- 
logical course for each patient. Of the 15 cases. 


two failed to respond to treatment with in 
what was considered adequate doses. In Case 10, 
treatment was stopped because of marked depres- 
sion of the platelets. At the lime of treatment this 
individual also exhibited a blastic phase of the 
disease, (It is well knowm that in this stage the 
disease becomes refractory to any form of therapy.) 
The reason for failure in Case 13 is not clear. 
Since marked splenic enlargement existed, P''- 
therapy was stopped and X-ray given to the spleen 
with satisfactory results. In the remaining 13 
cases, immediate and excellent response was ob- 
tained in the white blood cell count and associated 
with this, a rise in the red cell count was noted in 
most cases. As is shown in Table III, the matura- 
tion of the cells definitely changed, with a clear-cut 
decrease in the immature cells in practically every 
instance following treatment. (Arbitrarily we 
have considered those cells ranging from the early 
blastic stages to and including the myelocytic 
stage as immature.) It may also be seen that the 
average initial white blood cell count was 170,000 
per cubic millimeter, ranging from 69,000 to 299,- 
000, and following treatment a composite of the 
maximum response showed a drop to 17,000 cells 
per cubic millimeter of blood. The initial red blood 
cell count was 3.1 million per cubic millimeter and 
at the end of three months the average red blood 
cell count rose to 4.1 million cells per cubic mil- 
limeter. 

In our series of cases, the platelet counts were 
relatively unaffected during the first course of 
treatment. This observation agrees with those 
of Warren (7), who stated that the megakaryo- 
cytes showed little damage with moderate dosage. 
However, subsequent courses tend to depress the 
platelet count and the rate of decrease in the 
platelets serves as an important criterion for the 
continuation of treatment. Figure 7 shows graph- 
ically the initial response of the white and red cell 
count for each patient. It is noted that a uniform 
reduction of the white cell count occurs promptly 
as well as a clear-cut increase in the red cell 
count. Figure 8 is a composite curve of the initial 
response to P^-. 

A gradual reduction in the size of the spleen 
occurred in all 13 cases. In several the decrease 
was dramatic. Anorexia and weakness, the most 
common and ^distressing symptoms, disappeared at 
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(Note: Cases 10 and 13 arc omitted in average tabulations.) 

• Normal platelets equal 250,000 to 500,000. 

t Immature includes early blastic stages to and including myelocytic stage. Mature includes metamyelocytes to and including segmented neutrophils. 
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a comparatively early date. The duration of re- 
missions ranged from two to 12 months with an 
average of about 4.5 months. 

In studying the cases it appears that the treat- 
ment of chronic myeloid leukemias with is 
highly satisfactory, but that treatment solely by 
this means for all relapses is of dubious wisdom and 
perhaps to be discouraged. In those cases with 


splenic enlargement which do not respond, or at best 
respond poorly to P^‘, it is often advisable to treat 
the spleen with X-ray when a relapse occurs. It is 
our strong impression that the continued and per- 
sistent use of P“- for every relapse will lead to a 
hyperplastic bone marrow in a great percentage of 
cases. It is probably advisable to intersperse other 
forms of therapy, such as localized X-ray, or ar- 
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These curves show the initial hematological response to in all IS cases. 
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CHRONIC MYELOID LEUKEMIA 

COMPOSITE CURVE INCHOATING 
WMEDIATE ^CMATOUOGCtt. RESPONSE 



eopoo 


40.000 

20.000 


I Z 5 

MONTHS 

Fig. 8 

Cases 10 and 13 were omitted from this curve. These 
cases show no response to treatment. 

senic (if it proves effective), to increase the in- 
tervals behveen periods of P®- therapy. 

The criteria for selecting patients have been 
based upon : 

1. The level of the white cell count. No cases 
having counts of less than 20,000 white blood 
cells per cubic millimeter of blood were accepted 
for treatment. 

2. The thrombocyte level. The number of 
thrombocytes is very important. The patients 
with low platelet counts were generally treated 
cautiously or not accepted for treatment. If the 
platelet count appeared to drop rapidly, treatment 
was often discontinued for a short interval. Dur- 
ing the first course unusual thrombocyte depres- 
sion does not appear to be a problem, but on re- 
treatment for subsequent relapses the thromboc 3 i;e 
level must be carefully observed. 

3. Character of the bone marrow. We have 
been insistent that the bone marrow show definite 
hyperplasia before treatment was given. 

4. Maturation of the white cells. The degree 
of immaturity to the present has in no way af- 
fected our selection of cases for treatment, but if 


the number of immature cells are unusually high, 
one must always consider the approach of an acute 
blastic phase of the disease which is known to re- 
spond poorly. 

Of the 15 cases treated with seven are liv- 
ing. The average duration of life in those patients 
that have died is 3.5 years. This corresponds 
favorably with the duration of life in a recent re- 
port made by Lawrence ( 14) . 

Dosage. Again, no hard and fast rules have 
been applied. It has been found that doses of 1.5 
to 2 me. given at weekly intervals usually produce 
the desired response after administration of a total 
dose of 8 to 12 me. When the white blood cell 
count approaches 20,000 per cubic millimeter, 
treatment has been discontinued. As noted by 
Lawrence ( 14) , it is probably unwise to bring the 
white blood cell count to normal levels since an ef- 
fort to depress the white cell count to a normal 
level requires additional phosphorus and the risk 
of thrombocytopenia, anemia and serious leuko- 
penia is increased. In the 13 cases which showed 
satisfactory response, the average dose required 
to effect hematological remission was 10.7 me. 
over a period of 34 days. If one should wish to 
use a single large dose, there is probably enough 
experience accumulated in the past ten years to 
permit treatment of these patients in this manner, 
but the distribution of P®- over a period of a month 
permits integration of the white blood cell re- 
sponse, and fractionation of the dosage is unques- 
tionably the preferred method of treatment. 

Chronic lymphatic leukemia. As has been stated 
before, the rationale for treating this form of leu- 
kemia with P^“ is not clear-cut. In the majority of 
cases, although leukemic infiltration is present in 
bone, the disease is predominantly in lymphoid 
tissue. The marrow does not have the hyperplasia 
of all the cellular elements present in myeloid 
leukemia and in many cases actual damage of the 
erythroid and megakaryocytic cells is severe. 
Treatment with P®^ in most cases serves to depress 
a bone marrow which appears to have already suf- 
fered damage from infiltrating lymphocytic ele- 
ments. The six cases of chronic lymphatic leu- 
kemia selected for treatment, as stated previously, 
had become resistant to X-ray or were approach- 
ing a terminal state. It is doubtful that any form 
of therapy would have been efficacious. 
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Table IV gives the clinical data of these six pa- 
tients. All patients were dead within seven 
months after was started. These cases all 
had diffuse infiltration of mature and immature 
lymphocytes on bone marrow biopsies. In all 
but two cases the initial thrombocyte counts were 
reduced. (Generally, low initial thrombocyte 
counts are contraindications to treatment with P®-, 
but in these cases it was felt that an attempt should 
be made to produce remission no matter how 
temporary.) Three of the patients were trans- 
fused during treatment. The white blood cell 
count per cubic millimeter of blood ranged ini- 
tially from 111,00 to 719,000 with an average of 
376,000. After treatment the white cell count 
averaged 78,000 per cubic millimeter, indicating a 
fair hematological response to P®-. As was an- 
ticipated, in a number of the cases treatment was 
stopped because of purpura or extremely low 
platelet count. It is doubtful whether P®" alone 
contributed to the purpura, since two cases had 
initial hemorrhagic tendencies prior to therapy. 

Case 2 is of interest in one respect which de- 
serves mention. A marked hemolytic phenomenon 
which was present initially showed dramatic ces- 
sation following therapy with a concomitant and 
unusual response in the white cell count which 
dropped from 216,000 to 8,000 in only 14 days, 
after a total of 6 me. of P®*. 

Widespread metastases to hone arising jrom 
breast carcinomn. Fourteen cases of widespread 
carcinomatosis of bone from primary breast car- 
cinoma have been treated with what may prove 
promising results. These cases are to be reported 
elsewhere and are, therefore, not included in de- 
tail in this report. The rationale for treating these 
cases is based on a well-established fact that malig- 
nant tumor cells have a greater P®^ uptake than 
most normal cells and that selective uptake of 
phosphorus in bone is large compared with other 
tissues, thus producing long-continued selective ir- 
radiation of bone. The most striking feature is 
the relief of bone pain following the treatment. 
It is not possible at this time to have any definite 
opinion as to increase in longevity of these patients. 
In at least one case there was marked deposition 
of calcium in destructive lesions demonstated by 
X-ray. In others the osteoclastic process ap- 
peared to be arrested. In all these cases the dosage 
' of P®' was pushed to considerably higher levels 


at the risk of producing anemia, thrombocytopenia 
and severe leukopenia. From 18 to 20 me, were 
administered in three to four weeks — two cases 
showing severe purpuric nianifestations which sub- 
sequently improved. All cases had a moderate 
to marked depression of the white blood cell count 
which gradually returned to levels approaching 
normal after three months. 

Treatment of this type with comparatively large 
doses begins to assume a heroic aspect, but the 
gravity of the process may justify such an approach 
if the therapy has promise of any beneficial ef- 
fects. 

DISCUSSION 

There is ample evidence experimentally and by 
empirical clinical application in chronic leukemias 
and polycythemias that radiophosphorus is an 
important and effective means of treating these 
conditions. The cases of polycythemia and leu- 
kemia reported here corroborate the promising 
findings reported by others. 

It appears that polycythemias respond unusu- 
ally well to P®- but it is well to remember that this 
disease is a long-standing chronic process which 
can be controlled by venesection, although with 
some difficulty. The apparent superiority of P®® 
over other methods (X-rays, phenylhydrazine and 
venesection) must be weighed against the possible 
complications of P®® treatment. These are pos- 
sible thrombocytopenia, leukopenia and anemia. 
It is still difficult to say what the eventual long 
time results may be with continued P®^ application. 
It appears true that the duration of the remissions, 
the lowered incidence of the complications of the 
disease, and the hematological response are quite 
striking and superior to other means of therapy. 
It may well be true that P®® is the treatment of 
choice. 

In the case of chronic myeloid leukemia the re- 
sponse is prompt, the remissions are of consider- 
able duration and the complications, at least with 
moderate dosage, appear to be minimal. It is 
also clear, however, that it is not possible to 
eradicate the disease with radiophosphorus and 
an effort to destroy every vestige of leukemic in- 
filtration would irreparably damage the hemato- 
poietic system and perhaps other systems. It is 
therefore, unwise, as noted previously, to make any 
such attempt and the use of P®® should be limited 
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to inducing remissions with as little phosphorus 
as possible. The impression is strong that con- 
tinued application of P®“ for every relapse with 
amounts required to bring the leukocyte count 
to low levels would undoubtedly severely injure 
the bone marrow and would result in an aplastic 
marrow in many cases. The use of radioactive 
phosphorus has several advantages over X-ray in 
that; 

1. Patients have no radiation sickness. 

2. The administration of radiophosphorus is 
simple. 

3. It may have the theoretical advantage over 
X-ray in that phosphorus tends to seek out the 
most active cells and also selectively irradiates 
the bone marrow which in the case of chronic mye- 
loid leukemias is, in most instances, the most im- 
portant site of the disease. 

p32 cannot be employed without a thorough 
knowledge of the effects of its radiation, the char- 
acter of its distribution in tissue, the consequences 
of possible over-dosage, and clinical course of the 
patient. Although P®- has been used for over ten 
years, it is not yet completely removed from the 
realm of experiment. A great many hiatuses ex- 
ist in the information concerning the effect of P^®. 

In the case of chronic lymphatic leukemias, 
satisfactory results have been reported by others, 
and radiophosphorus is unquestionably useful in 
this disease. It is our opinion, however, in re- 
viewing the appearance of the bone marrow and 
the general character of response of patients 
treated with P®-, that lymphatic leukemias should 
be spared the intensive radiation of the bone mar- 
row which occurs with P®-. The appearance of 
the bone marrow in this disease generally indicates 
that hyperplasia is not present and that the ery- 
throid and megakaryocytic elements may actually 
be damaged. 

The application of P^- for widespread malignan- 
cies must be considered purely experimental. In 
general, treatment of these conditions with P®* has 
been poor. 

The dosage of P^“ is still not fully standardized. 
The amount of phosphorus administered is gauged 
primarily by the clinical response, by the size of 
the patient, by the extent of the disease and by care- 
ful observation of the known complications — ^leu- 
kopenia, anemia, thrombocytopenia. In general 


we have, as noted above, used a routine of approxi- 
mately 2 me. a week to a total of 10 to 12 me, for 
the chronic myeloid leukemias and, on the average, 
a total of 10 me. in a 12 day period in the case of 
polycythemias. This works out to be about 150 
microcuries per kilogram in a ten to 14 day pe- 
riod and a comparable amount in a 30 day period 
for chronic myeloid leukemias. In the case of 
chronic leukemias, fractionation is the preferred 
method of treatment since it permits integration of 
the hematological response into the treatment. 
In the case of polycythemia, fractionation over the 
period of time required for maximum responses 
(three or four months) would be impractical and 
we have, therefore, chosen to administer the dose, 
as have others, over a short period, 

SUMMARY 

1. The rationale for using P®" as an internally 
distributed source of radiation and its selective up- 
take by various normal and tumor tissues has been 
reviewed. The basis for this, which rests on ex- 
perimental, biological and clinical work, is dis- 
cussed. 

2. The pertinent information necessary to apply 
P®® effectively is noted. Experimental and clini- 
cal data in this regard are presented. The physical 
characteristics of P®® and its behaviour biologically 
are included. 

3. Primary polycythemias and chronic mye- 
loid leukemias are effectively treated with radio- 
active phosphorus. Ten cases of primary poly- 
cythemia and 15 of chronic myeloid leukemia are 
reported, confirming the observations of others. 
P®® has also been used for a variety of malignant 
conditions other than leukemia. None of the re- 
sponses have been striking. Mention is made of 
possible beneficial application to widespread meta- 
stases to bone from carcinoma of the breast. 
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Since, in the past year, there have appeared one 
book and three reviews covering wholly or in part 
the subject matter indicated above (1-3), this re- 
view will confine itself to those aspects which 
have not been fully presented or in which the 
interpretations differ from those of the present 
reviewer. The retention of P®- by various nor- 
mal and neoplastic tissues has been well sum- 
marized as has phospholipid metabolism and will 
not therefore be considered here (4, 5). 

Phosphate esters and carbohydrate metaholisni 

The rate of penetration of phosphate ion into 
muscle was shown to be relatively slow, so that 
the specific activity (P^-/P®^) of the inorganic 
phosphate (IP) within the cell was for a long 
time much lower than that of the extracellular IP 
and was shown to be a function of temperature 
(6). Assuming that the extracellular space for 
phosphorus and sodium were the same, Hevesy 
and Rebbe estimated that IP is incorporated into 
organic phosphate at the rate of 21 ^ig/gm tissue/ 
day (7). Direct determination of extra- and in- 
tracellular radioactive inorganic phosphate (P* 04 ) 
has been made by equilibration of heart muscle 
slices in a medium containing (P* 04 ). The rate 
of penetration was 1.7 ;ngP/gm tissue/min. at 
37°C and about 0.3 /tgP/gm tissue/min. at 
(8) which was in agreement with data obtained 
earlier by Manery et al. (9). Equivalence be- 
tween extracellular IP and that of the medium 
was reached in 10 to 30 minutes at either 2° or 37°, 
but the specific activity of the intracellular IP in- 
creased with temperature as well as with time (8). 
The difference in P®‘ entering the cell at 2° and at 
37° indicated that cell penetration by PO 4 is not 
a simple matter of diffusion. 

The specific activity of creatine phosphate (CP) 
was equal to that of intracellular inorganic phos- 
phate while that of the labile phosphate of adenyl 
pyrophosphate (APP) was lower. The terminal 
phosphate of adenosine-triphosphate (ATP) had 
the same specific activity as IP and CP, while the 


remaining labile phosphorus of APP was lower 
by about one-half. These results were taken as 
evidence that intracellular IP and not total tissue 
IP was the source of supply of CP and APP (8). 
In frog gastrocnemius in vivo the specific activity 
of CP and of the labile P of the pyrophosphate 
fraction were found to be equal (7). Sacks and 
Altshuler (10) found a difference in the specific 
activity of IP and CP of both skeletal and heart 
muscle and concluded that extracellular and intra- 
cellular IP exchange through CP and APP as car- 
riers (10). The interpretation has been criticized 
since their data were rather variable, since they 
assumed a fixed extracellular space and since they 
also assumed equilibrium in both concentration 
and radioactivity of plasma and extracellular IP 
(8). Bollman and Flock (11) found that in both 
resting and exercised limbs of the rat, the P®- up- 
take was the same for both CP and APP and 
there was no increase in specific activity in the re- 
covery period. These results would be expected 
if the fractions were in equilibrium with only intra- 
cellular IP during the experimental period. 
Furchgott and Shorr (8) calculated that there is 
almost complete turnover of labile organic phos- 
phorus in the cell once every two minutes. 

The phosphorus groups of ATP may be desig- 
nated as follows : 

O— o— O— 

I I I 

R_0_pi— o— O— P’— 0 

I A A 

t- * 

pyrophosphate 

In contrast to the rapid turnover in P® and P®, the 
turnover rate for P^ was found to be slow ( 12-15) . 
Kalckar et al. (15) made analyses after perfusing 
and they found that in skeletal muscle labile or- 
ganic phosphate turned over at the rate of 25 ggP/ 
gm tissue/min. In ATP of rabbit muscle at 37° 
the specific activities of P® and P® were the same, 
while in the frog muscle at low temperature the P- 
was higher. In rabbit liver, pyrophosphate turn- 
over was at the rate of 17 /xg/gm tissue/min. 
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Hexose monophosphate activity was either 
higher, lower or the same as the pyrophosphate of 
ATP, the variability being attributed to the extent 
of direct formation of phosphorylated sugar from 
glycogen and IP (15). 

Kaplan and Greenberg (16) determined P^- 
uptake in a number ‘of organic phosphorus com- 
pounds of rat liver. Instead of specific activity, 
they used the ratio of P^- in the fraction in ques- 
tion to the total acid soluble phosphorus as a meas- 
ure of the P®- distribution in the various compo- 
nents of this fraction., The extracellular inorganic 
phosphorus was not separated or estimated so that 
calculations of absolute rates of turnover would be 
subject to considerable error (8, 15). Their data 
showed the uptake to be greatest in glucose-6- 
phosphate and lowest in glycero-phosphate. The 
injection of glucose or insulin increased the level of 
P®' in ATP pyrophosphate but not in the hexose- 
phosphate. The greatest increase was observed 
after administration of both insulin and glucose. 
They suggested that the ATP content of the liver 
was of primary importance in determining the 
shape of the glucose tolerance curve. (High fat 
and protein diets decreased P®'® esterification [16].) 
Sacks reported an increase in the turnover of 
hexosephosphate as well as creatine phosphate and 
adenylpyrophosphate following the administration 
of insulin (17). In addition, P^® uptake by brain 
tissue in vitro is markedly increased on the ad- 
dition of glucose (18). 

In general the results seem to fit the concept 
of a rapid turnover of phosphorus in the intracel- 
lular phosphate ester pool with a much slower 
turnover of inorganic phosphorus from the extra- 
cellular phase to replace phosphorus “leaking” out 
of the cell. 

Nucleic acids and nneleoproteins 

The "residual protein” of tissues is that por- 
tion which remains after the extraction of the 
acid soluble and lipid fractions. This has some- 
times been called the nucleoprotein fraction al- 
though strictly speaking nucleoprotein is only one 
portion although it may be by far the greatest in 
this moiety. 

The apparent rate of renewal of desoxyribose 
nucleic acid in normal rabbit liver was found 
to be very slow (19, 20). However, the turn- 
over in the residual nucleoprotein of normal 


liver nuclei was found to be quite rapid (21). 
Turnover rates for desoxyribonucleic acid (DNA) 
of several tissues have been calculated assuming 
equilibrium with intracellular IP where the latter 
was calculated from the Na-* space and the tissue 
IP so that calculations of absolute rates are sub- 
ject to the errors previously mentioned (8, 15). 
The relative specific activities in order of decreas- 
ing activity were intestinal mucosa, sarcoma, 
spleen, liver, kidney. A regressing sarcoma gave 
the same DNA specific activity as one which was 
growing (22, 23). It was suggested that dividing 
or secreting cells may be more permeable to phos- 
phate than others (1). Bone ' rnarrow DNA 
showed a very high specific activity and that for 
the thymus decreased with increasing age of the 
animal (24). The rate of P®^ incorporation in 
DNA reported by Brues et at. (25) was much 
higher that that found by Hevesy and O.ttesen 
(20) but was probably contaminated with RNA. 
Brachet (26) pointed out a parallelism between 
DNA turnover rate and the intensity of the nu- 
clear alkaline phosphatase reaction. 

The rate of P®^ uptake by ribose nucleic acid 
(RNA) and its apparent turnover rate has been 
reported to be much higher than that for DNA 
(25, 27), In liver tissue the ratio of apparent 
turnover rates for RNA and DNA was found to 
be 30, in spleen 3 and in mucosa 2. This has been 
taken to indicate a high rate of actual turnover 
in the latter two tissues ( 1, 27) ' It may be signifi- 
cant that the relative RNA turnover in intestinal 
mucosa, spleen and liver parallels that for pro- 
tein synthesis as determined with N^® labelled 
leucine (28). 

Although many of the observations on P^= ac- 
cumulation in DNA have been interpreted as indi- 
cations of actual turnover, evidence had been ad- 
vanced earlier that such an interpretation may not 
be justifiable. It has been shown that in tissue 
which is not mitotically active (normal liver), 
there is rapid movement of P^= containing con- 
stituents beriveen the cytoplasm and the nucleo- 
protein of the nucleus so that the partition ratio 
remains practically constant from one hour to 
five days after P^= administration. In actively 
mitotic tissue (lymphoma, sarcoma, regenerating 
liver), however, there is a continuous rise in the 
partition ratio indicating movement into nuclear 
nucleoprotein (largely DN.^) but little or none 
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coming out. Since the tissues to which a rapid 
DNA turnover has been attributed are also those 
in which there is rapid cell division, it is apparent 
that accumulation in DNA and not turnover may 
be the more appropriate interpretation. It would 
seem advisable to reexamine data on the apparent 
dynamic equilibrium obtained with isotopes other 
than to determine the extent to which the data 
may be explained by cell replacement as compared 
with molecular turnover. 

Nucleic acid turnover in relation to mitosis 

Using a simple new method for isolating nu- 
clei, Marshak (21) compared the rate of P®' ac- 
cumulation in mouse liver and mouse lymphoma 
and in normal and regenerating rat liver with the 
rates for the nuclei of the same tissues. Initial 
uptake by normal liver and by normal liver nu- 
clei was greater than that by lymphomatous tissue, 
but eventually the retention was much greater 
in the tumor tissue. Although the ratio of P®- 
concentration in liver nuclei to that in the whole 
liver tissue remained constant over a period of 
from one hour to five days after P®^ injection, in 
the lymphomas studied, this ratio showed a con- 
tinual increase. Sarcoma 180 gave results similar 
to lymphoma, while regenerating liver, in contrast 
to normal liver, also showed increased accumula- 
tion in the nuclei. In the nuclei of normal liver 
60-70 per cent of the P®^ was in the residual nu- 
cleoprotein with the remainder in the acid soluble 
and lipid fractions. Approximately the same dis- 
tribution was found at various times between one 
hour and seven days after P®^ administration. In 
the lymphomas the residual nucleoprotein con- 
tained about 95 per cent of the nuclear P®®. The 
data were taken as evidence that in the resting nu- 
cleus there is continual replacement of nuclear nu- 
cleic acid phosphorus at a rate greater than that 
required for complete replacement in one day. 
This is in striking contrast to the observations of 
Hahn and Hevesy on DNA extracted from tissue. 
Although there was obvious replacement in “rest- 
ing” nuclei, with P®“ in some form being rapidly 
built into the nucleic acid, and P®' containing com- 
ponents of nucleic acid also being rapidly removed 
to the cytoplasm, the situation in mitotic nuclei 
differed in that the P®- was built into the nuclear 
nucleic acid with little or none being released to the 
cytoplasm. Calculations from the rate of P®- ac- 
cumulation in lymphoma nuclei showed that in 27 


hours the nucleus had accumulated an amount 
equal to that initially present, i.c., an amount suffi- 
cient to form another nucleus. This was in ap- 
proximate agreement with data on rate of growth 
of the tumor from which it was estimated that its 
weight was doubled in 24 hours (21). 

Brues ct al. (25) found that between three and 
eight days after P®* administration, the specific ac- 
tivities of nuclear residual protein and nuclear 
nucleic acid were each slightly higher than that of 
DNA extracted from the whole tissue. RNA 
had a much higher specific activity than DNA in 
normal liver but these were approximately the 
same in regenerating liver. The phospholipid of 
the nucleus was at all times in equilibrium with 
that of the cytoplasm, indicating that the low 
DNA uptake could not be due to exclusion of P^' 
from the nucleus as had been suggested by Hahn 
and Hevesy. The P^^ uptake by DNA of a hepa- 
toma was five times greater than in normal liver, 
but only half as much as in regenerating liver. 
A correlation between increase in P®- incorpora- 
tion in DNA and mitosis was also reported by 
Kohman and Rusch (29) who found a greater P®- 
uptake in nucleic acid of hepatoma as compared 
with normal liver. In the avian nucleated ery- 
throcyte which does not undergo mitosis, the DNA 
specific activity does not decline until the erythro- 
cytes are destroyed (30). 

When P®^-labelled chromatin, fat-free chro- 
matin, or that portion of chromatin soluble in 1 
M NaCl were given intravenously to rats, the P®- 
was rapidly incorporated into the liver nuclei. 
Since the chromatin administered was particulate 
and could, therefore, be expected to accumulate in 
the liver, comparison was made of nuclear P^- up- 
take as per cent of the total liver P®^ thus permit- 
ting comparison of nuclear P®^ accumulation inde- 
pendent of the total tissue concentration. Com- 
parison on this basis showed that nuclei accumu- 
lated over four times as much P®^ when the source 
was fat-free chromatin as when it was inorganic 
phosphate, and twice as much as when it was phos- 
pholipid. This observation was correlated with 
the marked stimulation of mitosis produced when 
chromatin was injected into partially hepatecto- 
mized cats (31). P®Mabelled DNA from Jensen 
sarcoma was injected as a solution into rats and 
two hours later a considerable amount of P®® was 
found in the liver. The P®® concentration in the 
liver and kidney were about the same, while in the 
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spleen it was much lower. Of the liver P®- about 
three-fourths was in the acid soluble fraction (32). 

Ahlstrom et al. (32) and Hevesy (1) inter- 
preted the findings of Marshak and Walker as an- 
other example of accumulation in the liver of 
foreign substances injected into the blood stream. 
However, this cannot be accepted as a correct 
interpretation since the basis of comparison used, 
as explained above, eliminates this source of error. 

The rapid P^- incorporation into the residual 
nucleoprotein of resting nuclei found by Marshak 
when compared -with the inactivity of DNA ob- 
served by other investigators and also the effi- 
ciency of chromatin as a P®^ donor suggested the 
presence of a component of nuclear residual pro- 
tein which was unusually active in P^^ turnover. 

Nuclei were isolated from animals that had re- 
ceived P®^ three hours earlier and it was found 
that on incubation at 0° — 2° very little or no P^®, 
nucleotide or nucleic acid was removed but that 
at 37° large amounts of polynucleotide of high 
specific activity were released. In saline the ad- 
dition of ribonuclease (RNAse) doubled the P®* 
released while desoxyribonuclease (DNAse) gave 
only a 50 per cent increase. After digestion with 
ribonuclease, the addition of the DNAse released 
no more P^* than did native nuclear enzymes un- 
der the same conditions although very large 
amounts of unlabelled polynucleotides were liber- 
ated by the DNAse. The same results were ob- 
tained with normal and with regenerating liver. 
These observations therefore indicated that dur- 
ing the three hours the P*^ was in the animals, 
considerable amounts had been incorporated into 
nucleic acid but none into DNA. When the incu- 
bation was carried out in carbonate buffer at pH 
7.0 and pH 7.5, the P®* released was increased but 
the amount released in the presence of DNAse was 
less than when no enzyme was added and it was 
therefore suggested that this enzyme might bind 
the P^= containing substrate although it did not 
split it. In the buffer all of the P®- containing nu- 
cleic acid was removed by native enzymes and/or 
added ribonuclease, the P®- not so removed could 
be accounted for as phospholipid and acid soluble 
organic phosphorus. The specific activity of the 
P^- containing nuclear substrate was 13 times 
greater than that of the cytoplasmic RNA. It was 
concluded that the two are functionally different 
substances although the substrate material might 
be the same as that fraction which could be iso- 


lated from nuclei by methods used for obtaining 
RNA, since they both had about the same specific 
activity. Since the nuclear autodigestion products 
were polynucleotides, it could be concluded that 
the nuclear enzymes involved were not the same as 
ribonuclease. Solubility studies showed that the 
P®- containing substrate differed from desoxyribo- 
nucleoprotein. Since P^- first appears in this nu- 
cleoprotein in mitotic cells and does not appear 
in DNA until some time later, this material was 
considered to be the precursor of DNA in such 
cells. Earlier experiments had shown that in 
resting cells (normal liver) there was rapid ex- 
change between nuclear and cytoplasmic P®^ and 
not unidirectional accumulation by nucleus and 
DNA as in the case of mitotic nuclei (21). Un- 
der these conditions therefore the higher specific 
activity of the nuclear substrate indicated that in 
the resting cell it was the precursor to cytoplasmic 
RNA (44). 

X-ray effect on micleic acid turnover 

Marshak (21) showed that low doses (200 r) 
of X-rays produced an increase in the relative 
amount of P®® accumulated by nuclei of a mouse 
lymphoma although the total tissue uptake re- 
mained unchanged. Since the total tissue P®® 
was not altered, the observations could not be 
attributed to changes in permeability. The in- 
crease in nuclear P^^ concentration varied rvith the 
dose. Since this effect was not observed in normal 
liver, the phenomenon was considered to be some- 
how associated with mitosis. 

Euler and Hevesy (33) subsequently studied 
the effect of X-rays on the Jensen rat sarcoma. 
They found no significant effect with doses of 77— 
450 r on P®- concentration in total nucleic acid 
of the tumor. At doses of 450-7,000 r, the nucleic 
acid P®® as per cent of the liver IP and plasma IP 
was much reduced. The results could not be ex- 
plained as effects on cell permeability since there 
was a parallel reduction in ratios of nucleic acid 
P®- to IP and to plasma P. This conclusion is 
valid only if the intracellular IP and the total tissue 
IP are not very different. A number of subse- 
quent experiments gave further information on 
the reduction of P®® incorporation in DNA of 
sarcoma and liver, kidney, spleen and intestinal 
mucosa (22, 34, 35). 

As in the case of the mouse l\-mphoma and liver 
(21) a correlation behveen the knorni inhibition 
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of mitosis and the X-ray effect on nucleic acid was 
established. However, there were these important 
differences. The significant effects observed by 
the Scandinavian investigators were obtained only 
at doses between 450 to 2,000 r and were all in 
the direction of decreasing P®- incorporation into 
DNA. On the other hand, the results with the 
lymphoma were obtained at doses between 200 
and 260 r and were in the direction of increased 
P^- incorporation in the nuclei. With the rat 
sarcoma there was also marked reduction in the 
total P^- of liver, sarcoma, and plasma as well as 
of tumor IP following irradiation while in the 
mouse experiments there was no change in total 
P®^ of the lymphoma. Experiments were per- 
formed on rats each bearing two tumors one of 
which was irradiated and the other carefully 
shielded and it was found that the non-irradiated 
tumor showed a decrease in DNA — P^^ uptake 
almost as great as that of the irradiated tumor 
(22). The effect on DNA must, therefore, be an 
indirect one which is somehow produced by an 
initial systemic reaction. This explanation does 
not apply however to the results on lymphoma. 
Marshak has proposed a theory for the mode 
of action of X-ray which postulates an inhibi- 
tion of conversion of the nuclear precursor to 
ribonucleic acid and correlates this inhibition with 
arrest of mitosis known to be produced (44). 

Bone 

p32 given as phosphate appears rapidly in bone 
(36, 37). Pecher showed that the relative con- 
centration in bone as compared with soft tissue 
was lower than that observed with Ca^® and Sr®® 
which was anticipated because of the comparatively 
low Ca content of soft tissues (38). The concen- 
tration of P®® was greater in the spongy portion of 
bone and for this reason the specific activity of 
the epiphysis was at first higher than the diaphysis 
although, with time, this difference disappeared 
(39). The initial P®® deposition in bone was by 
ionic exchange with blood phosphate and the solid 
phase of bone, but this was altered later by the con- 
stant resorption and deposition which took place 
(40, 41). It has been proposed that mineral depo- 
sition occurs when a local excess of PO 4 is pro- 
duced by action of alkaline phosphatase on phos- 
phate esters to the point where the solubility 
product of bone salt is exceeded (42). A quanti- 


tative method has been described for studying the 
healing of bone lesions by measuring P®® and Sr®® 
uptake hi situ without disturbing the lesion and 
using the contralateral limb as a control. The ra- 
tio of strontium to phosphorus increased as the 
healing process progressed and it was suggested 
that this difference might be utilized in differentia- 
tion between the proliferating and calcifying stages 
(43). A decrease in the uptake of P®®, Ca"*® and 
Sr®® by bone in rickets and an increase in their up- 
take on administration of vitamin D has been dem- 
onstrated by several authors. 
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THE USE OF RADIOACTIVE IODINE IN STUDYING THE 
PATHOLOGIC PHYSIOLOGY OF THYROID DISEASE 

By RULON W. RAWSON 

(From the Memorial Hospital and the Sloan-Kcltering Institute, Neze York City) 


It was in May, 1938 that Hertz et al. (1) pub- 
lished the first report on biological studies Avith a 
radioactive isotope of iodine. By today’s stand- 
ards these first studies were done under the least 
favorable conditions with an isotope whose half 
life of 25 minutes limited the studies that could be 
done. Notwithstanding the limitations put on 
these investigators they not only reaffirmed cer- 
tain principles of thyroid physiology, but with 
other investigators, Hamilton (2), Hamilton and 
Soley (3), and LeBlond and Siie (4), who began 
working with radioactive isotopes of iodine in 
other laboratories at about the same time, they 
pioneered in a new field of investigating the thy- 
roid. Today we have a small army of investigators 
bringing together a variety of disciplines, i.e., 
physics, chemistry, embryology, physiology, histo- 
chemistry, pathology and clinical medicine in 
studying with radioactive iodine and other tools 
normal and morbid physiology of the thyroid. 
Many of these investigators are students whose 
primary interests are related to studies of normal 
and abnormal function of the thyroid. These stu- 
dents are delighted to have made available so 
many new technics with which to increase our 
knowledge of thyroid physiology. Many of the 
investigators in this field are interested primarily 
in isotopic methods and their application to stud- 
ies in biology. They probably have been attracted 
to this field because of the unique avidity of the 
thyroid for iodine which makes this an ideal tis- 
sue for applying isotopic methods, and for study- 
ing the biologic effects of irradiation with such 
isotopes. 

At the present time, it seems quite proper to 
ask questions such as those posed by Dr. William 
T. Salter preceding the 1948 Symposium on Radio 
Iodine at the Brookhaven National Laboratory. 
“1. How has radio iodine improved our knowledge 
of iodine metabolism and of the physiology and 
the therapy of the thyroid ? 2. How do the results 
harmonize with past experience?” The purpose 
of this paper is to review the contributions made 


to our knowledge of human thyroid disease by 
studies with radioactive iodine. 

The earliest studies done at tlie clinical level 
by Hamilton and Soley (3) reaffirmed our previ- 
ous concepts that the human thyroid has an avidity 
for iodine. These investigators compared the col- 
lection by the thyroid of iodine labelled with radio 
iodine and its excretion in the urine and feces in 
normal subjects and in patients having various 
th 3 'roid disorders. They found that an orally 
administered dose of labelled iodine Avas absorbed 
rapidly and could be detected in the tigroid Avithin 
20 minutes. In normal subjects 74 to 89 per 
cent of the dose Avas excreted during a five-day pe- 
riod Avith the major portion appearing during the 
first 24 hours. Tavo myxedematous patients ex- 
creted 91 and 94 per cent in the urine during five 
days but at a much sloAver rate than did the nor- 
mals. Thyrotoxic patients previously treated Avith 
iodine excreted about the same amount of iodine 
as did normal individuals. Fecal excretion of 
these labelled doses of iodine averaged only about 
1 per cent of the dose. In arfbther series of studies 
Hamilton and Soley (5) recorded the character- 
istic collection curves obtained by hi vivo meas- 
urements for various thyroid states. The curve 
that they observed to be typical for normal thyroids 
was a smooth curve Avhich leveled off to a flat 
plateau in two days. The initial collection by thy- 
roids of hyperthyroid patients Avas greater and 
much more rapid than in normal thyroids but de- 
creased almost as rapidly to a plateau lower than 
that of the normal thyroids. This phenomenon 
Avas also observed in two goiterous hypothyroid 
children (Hamilton, et al. [6]). This rapid de- 
crease to a lower than normal plateau folloAving 
an increased pickup observed in the goiterous 
children and hyperthyroid individuals might be 
attributed to the fact that these investigators were 
using 14 mgm. of inert iodide as carrier. This 
concept is supported by their failure to observe the 
rapid loss of radio iodine from the thyroid when a 
carrier dose of 0.1 fig. of sodium iodide Avas given. 
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This explanation is further supported h}' the ob- 
servations of Hertz ct al. (7) who administered 
radioactive iodine with varying amounts of car- 
rier iodide to patients suffering with Graves’ dis- 
ease at varying stages of preoperative treatment 
with potassium iodide. They obsen,’ed that the 
untreated hyperplastic thyroids of Graves’ disease 
collected 80 per cent or more of the labelled iodine 
if the dose was small. They also observed that 
with increasing time intervals after the adminis- 
tration of isotopic iodine there was an increasing 
amount of radioactive iodine in the thyroxine-like 
fraction of the gland. 

Since these comparatively earlier observations, 
a number of investigators have used isotopic tech- 
nics in studying the role of iodine in normal and 
abnormal thyroid physiology. 

Chapman et al. (8) have studied the collection 
of radio iodine by the human fetus. They ad- 
ministered tracer doses of 12 to 48 hours be- 
fore operation to pregnant women who because of 
organic disease were coming to therapeutic abor- 
tion. The intact fetus was fixed in formalin and 
then sectioned longitudinally, one half was taken 
for measurements of radioactivity and the other 
half was examined histologically. They observed 
that fetuses less than 12 weeks old did not con- 
centrate any measurable amount of labelled iodine. 
In those fetuses which varied in age from 14 to 32 
weeks the thyroids showed an avidity for iodine 
which seemed to increase with the age of the fetus. 
It is of interest that these investigators were able 
to confirm the opinion that the onset of function as 
measured in this manner is correlated with the 
appearance of definite follicles containing colloid, 
Astwood and Stanley (9) studied the rate of ac- 
cumulation of radioactive iodine b}' the thyroid in 
70 normal humans. By plotting the counting rate, 
per second obtained at a standard distance from 
the thyroid against the square root of the elapsed 
time in minutes they were alile to plot a straight 
line which continued for about eight hours from 
which they were able to determine an accumula- 
tion gradient. In normal humans they found this 
accumulation gradient to var}’ between the limits 
of 1.5 and 36.4 with a mean of 9.3. Myxedematous 
patients were found to have accumulation gradients 
of 0.5 to 1.9 and thyrotoxic patients receiving no 
treatment at the time of testing were found to have 
gradients which varied between 17.0 and 43.6. 


Keating ct al. (10) followed the rate of radio- 
active iodine excretion in patients who had re- 
ceived 100 microcuries of 1“^ with 100 /xg. of car- 
rier iodine. By mathematical analysis their uri- 
nary excretion curves yielded four quantities : 1 . 
The renal fraction (that fraction of the dose ex- 
creted in the urine) ; 2. The disappearance rate 
(the proportional rate of disappearance from the 
blood) ; 3. The renal excretion rate; and 4. The 
collection rate (the proportional rate of disap- 
pearance into other sites than the kidneys which 
they interpreted as an index of thyroid collection 
rate) . They found the renal fraction to be greater 
than normal in h^'pothyroid patients and less than 
normal in hyperthyroid patients. The disappear- 
ance rates they found to be less in hypothyroid 
patients and markedly greater than normal in pa- 
tients having hyperthyroidism. The most signifi- 
cant variation that they observed was in the col- 
lection rates which were much less than normal 
in hypothyroid states and averaged six times the 
normal in hyperthyroid patients. 

These marked variations from normal in the 
collection of iodine by the thyroid or the urinary 
excretion of radio iodine in hypothyroidism and in 
hyperthyroidism have prompted many investiga- 
tors to use such methods of study as a means of 
diagnosing abnormal states of thyroid function. 
Quimby and AIcCune (11), who used iu vivo 
measuring technics, found that children who clin- 
ically were euthyroid concentrated and retained in 
their thyroids about 12 per cent of an adminis- 
tered dose of radio iodine. They found that hy- 
perthyroid children concentrated and retained sev- 
eral fold the value obtained in euthyroid children 
whereas hypothyroid children concentrated as 
little as 1 per cent or less of the dose. ilcArthur 
ct al. (12) followed the urinary excretion of radio 
iodine in a series of patients and observed the uri- 
narj- excretion of 22 thyrotoxic patients to aver- 
age 25 per cent; of 30 non-thyrotoxic patients 
to average 60 per cent. They reported that tliis 
method of study was of real value in excluding the 
diagnosis of Graves’ disease in patients having 
hr'permetabolism due to alcoholism, an.xiety, com- 
pensated hypertensive cardiovascular' disease. 
Parkinsonism, pheochromocytoma and thyroto.xi- 
cosis factitia. 

Feitelberg cl al. (13) have described a method 
for measuring and recording localized collections 
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of radio iodine. It is of interest that with this 
method they -were able to demonstrate a function- 
ing lingual thyroid. 

Werner et al. (14, 15), have used in vivo meth- 
ods for determining the per cent concentration and 
retention of radio iodine b}" the thyroid. They re- 
ported that the uptake b}^ normal thyroid tissue is 
20 to 30 per cent of the administered tracer and 
that an}"^ uptake of 40 per cent or more is regarded 
by them as diagnostic of hyperthyroidism. 

Skanse and Riggs (16) reported that with ra- 
dioactive iodine tracer studies the}’ were able to 
make the diagnosis of thyrotoxicosis factitia in two 
patients who had elevated basal metabolic rates 
and abnormally high serum precipilahle iodines. 
Both of these patients excreted more than 97 per 
cent of the radio iodine and by in vivo measure- 
ments were found to concentrate none in their 
thyroids. Rawson and Skanse (17) have called 
attention to the fact that thyrotoxic patients Avho 
have previousl}^ received “priodax” for x-ray 
visualization of the gall bladder excrete most of the 
radio iodine given within an indefinite period of 
time following cholecystography. Such patients, 
if clinically thyrotoxic, on the basis of elevated 
serum precipitable iodines and maximum excre- 
tion of radio iodine might be confused with pa- 
tients having thyrotoxicosis factitia. This problem 
should be a rare one if careful physical examina- 
tions are done. In thyrotoxicosis factitia the thy- 
roid should not be enlarged or it may be so 
atrophic, as the result of the ingested thyroid, as to 
be impossible to feel, whereas in classic Graves’ 
disease the thyroid can be felt without any trouble 
by an experienced examiner. 

The above studies have provided base lines 
which have been useful in evaluating the effect on 
the thyroid of various thyroid-stimulating or thy- 
roid-inhibiting agents. They have also provided 
standards for certain studies which may throw 
light on such questions as to the genesis of non- 
toxic goiters in the presence of an adequate intake 
of iodine, the mode of action of iodides in Graves’ 
disease, and as to the mechanism of action of the 
thyroid hormone. 

Stanley and Astwood (18) have evaluated the 
effect of thyroid-stimulating hormone on the col- 
lection of radio iodine by the thyroids of normal 
lunnans. Tliey determined the accumulation gradi- 
ents in the thyroids of their subjects and followed 


the effect of thyroid-.stimulating hormone on these 
gradients. They observed that for eight hours 
after the injection of hormone no effect on the rate 
of iodine pickup could be delected, hut thereafter 
a marked acceleration which became maximum in 
24 to 4S hours occurred. This increased avidity 
for iodine observed in subjects after administering 
lhyrotro])hic hormone was not altered by adminis- 
tering merca]-)toimidazole. an agent which effec- 
tively inhil3its the binding of iodine to thyroid pro- 
tein, i. c., inhibits the iodination of thyroid hor- 
mone. Tin's observation suggests that notwith- 
standing the mode of action of the thyroid-stimu- 
lating hormone, the increased rate of collection of 
iodide by the thyroid is not secondary to its being 
converted to thyroid hormone. Indeed it may be 
suggested on the basis of this observation that thy- 
rotropic hormone has increased the iodide space 
of the thyroid and that any increased thyroid hor- 
mone production following treatment with thyro- 
trophic hormone is secondary. They were unable 
to demonstrate any loss of stored iodine following 
the administration of thyrotrophic hormone. 
These results differ from those obtained by Keat- 
ing et al. (19), who studied the effect of thyroid- 
stimulating hormone on the collection and release 
of radio iodine by the thyroids of chicks. These 
investigators observed a loss of iodine from the 
chick thyroid before any increased collection could 
be demonstrated. These differences might be ex- 
plained as species differences or they might be re- 
lated to dose levels. If one calculates the doses per 
unit weight of test animal, the chicks received 
doses 20 to 40 times greater than those received 
by the human subjects. 

Stanley and Astwood (IS) also observed that 
patients who were considered to have potentially 
normal thyroids and who were taking desiccated 
thyroid were incapable of accumulating signifi- 
cant amounts of radio iodine in their thyroids. 
They did observe, however, that patients who had 
been taking desiccated thyroid up to the time of 
receiving the thyrotrophic hormone Avere capable 
of concentrating radio iodine after thyroid-stimu- 
lating hormone had been administered. This in- 
hibition to the iodine concentrating capacity of the 
thyroid by the administration of exogenous thy- 
roid hormone might be attributed to an inhibition 
of thyrotrophic hormone production in the sub- 
ject’s OAvn pituitary. It must be pointed out. 
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however, that Cortell and Rawson (20) have dem- 
onstrated that thyroxine when administered to 
hypophysectomized rats partially inhibits the ac- 
tion o£ administered thyroid-stimulating hormone 
on the thyroid. It would be interesting to com- 
pare the effects of thyroid-stimulating hormone on 
the accumulation gradients of radio iodine in the 
same euthyroid subjects before and after treat- 
ment with desiccated thyroid. Stanle}' and Ast- 
wood (18) suggest that this method of study 
niight be of value in determining whether or 
not a patient being treated with desiccated 
thyroid does or does not have a potentially func- 
tional thyroid gland. 

Studies with radioactive iodine have been of 
value not only in determining the mode of action 
of certain thyroid-inhibiting agents but such stud- 
ies have also been of value in quantitating the ef- 
fects of a variety of these drugs. In 1943 Rawson 
ct al. (21) reported a patient who had developed a 
large goiter, while taking potassium thiocyanate 
in treatment of hypertension. Biopsy of this gland 
showed an extreme hyperplasia. Only a small 
per cent of a tracer of given to this patient was 
excreted in the urine. Unfortunately this observa- 
tion was not correlated with the blood thiocyanate 
level. 

Subsequent studies by Haines (22) and by 
Richards (23) done in several patients having 
“thiocyanate goiter" have revealed that the excre- 
tion of radioactive iodine by such goiterous pa- 
tients can be related to the blood thiocyanate levels 
observed in such patients. If the thiocyanate level 
is elevated, most of the iodide is excreted ; if it is 
low, less of the iodide is excreted. 

Rawson et al. (24) used radio iodine tracer 
technics in evaluating the action of thiouracil on 
the thyroids of Graves’ disease. They prepared 
patients for thyroidectomy by administering thi- 
ouracil. Preoperatively they gave ten of their 
patients tracer doses of P"‘ and determined the 
radioactive iodine e.xcreted in the urine and that 
recoverable in the operatively removed thyroids. 
They found that most of the tracer iodine was 
excreted in the urine and that only a small per cent 
was contained in the thyroids. They concluded 
that this drug acted to interfere with the syn- 
thesis of thyroid hormone by setting up a block to 
the collection or the utilization of iodide. 

Studies done ,by Stanley and Astwood (25) 


have demonstrated that in thyrotoxic humans the 
thiouracil group of drugs causes an inhibition to 
the organic bindings of iodine (which must first 
have been accumulated by the thyroid as iodide) 
to thyroid protein. By measuring with in vivo 
methods the pickup of radio iodine by the thyroid 
they were able to demonstrate that the thyroid, 
though well controlled by the administered drug, 
was capable of concentrating iodide in the thyroid. 
That this collected P^^ existed as iodide in the well- 
controlled gland was evidenced by the fact that 
the administration of large doses of potassium 
iodide resulted in a sudden decrease in the ac- 
tivity over the thyroid. They also demonstrated 
that the administration of potassium thiocyanate 
resulted in a prompt discharge of accumulated io- 
dide from the thyroid. It is interesting that 
bromide was observed by these investigators to 
have no effect on the collected iodide. Patients 
receiving thiouracil or related agents in doses 
inadequate to control their th 3 wotoxicosis when 
injected with potassium thiocyanate were found to 
discharge only a fraction of the accumulated radio 
iodine and were concluded to be receiving inade- 
quate amounts of the drug to inhibit the binding of 
iodine to the thyroid protein. It has been sug- 
gested by Stanley and Astwood (25) that this 
method of study would be of value in determining 
the adequacy of dose in patients undergoing treat- 
ment with any of these agents. On the basis of 
these observations it is apparent that the first step 
in storing iodine in the thyroid is that of concen- 
trating it as iodide in an iodide space or trap. It 
would appear from these studies that the pickup 
of iodide is not dependent upon the rate of iodina- 
tion of the hormone. On the other hand we have 
observed that the pickup of iodine In* the thy- 
roids of rats under the influence of thiouracil is 
onlj- a fraction of that collected by thyroids of un- 
treated controls even at 10 minutes after adminis- 
tering the tracer iodine. Xotwithstanding this 
demonstration that the iodine is first concentrated 
as iodide we still do not understand the mecha- 
nism by which the iodide is accumulated in the 
thyroid nor are we able to explain the increased 
avidity for iodine by the hypcr])lastic thyroids of 
Graves' disease nor by the thyroids of animals 
previousK' treated with thyrotrophic hormone. 

Stanley and Astwood (26) have comjjarcd and 
quantitated the tln’roid-inhibiting j)roj)ertics of 
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several goitrogenic agents on the th3'roids of hu- 
man subjects. Tlie method that tliey used de- 
pended on the capacity of these agents to modify 
the accumulation gradients of radioactive iodine 
by the thyroids as detected by serial counts with 
an externally placed Geiger-Mueller counter. The 
values obtained . by these investigators are con- 
siderabl)' different from those obtained l)y meth- 
ods which depend upon the goitrogenic effects 
of these drugs in rats. For example, whereas 
propyl thiouracil has goitrogenic properties in 
the rat which are 10 times those of thiouracil, Iw 
this method of assay propyl thiouracil has only 
0.75 the activity of thiouracil. Likewise, thiourea, 
an agent possessing only 0.1 the goitrogenic ac- 
tivity of thiouracil in the rat is equally as effective 
as thiouracil in altering the accumulation gradient 
in human thyroids. 

Rawson and McGinty (27, 28), who compared 
the minimal doses of various injected drugs neces- 
sary to inhibit significantly the concentration of 
radioactive iodine in the chick thyroid found that 
propyl thiouracil was no more effective than thi- 
ouracil whereas by tests of goitrogenesis in the 
rat propyl thiouracil was 10 times more active than 
thiouracil. These same investigators found that 
benzyl thiouracil was 10 times as effective as thi- 
ouracil in inhibiting the concentration of radio- 
active iodine in the thyroid of a chick. Stanley and 
Astwood (26) found this agent in their studies on 
the human to have 0.75 the activity of thiouracil. 
McGinty and Wilson (29) have applied the meth- 
ods of Stanley and Astwood in quantitating the 
effects of these agents on the thyroids of the 
Rhesus monkey. They have found the monkey 
thyroid to respond like the human thyroid, both 
qualitatively and quantitatively to these various 
thyroid-inhibiting agents. On the basis of these 
observations we might suggest then that agents 
Avould best be quantitated on the monkey with 
the method described by Stanley and Astwood be- 
fore being subjected to clinical trial in the human 
by the same method. The final test of clinical 
usefulness will depend of course upon testing such 
drugs on patients having thyrotoxicosis. The need 
for this final test is demonstrated by our own ob- 
servations that benzyl thiouracil, which when 
tested in the rat and the chick seemed to be a very 
active agent and when tested by the method of 
Stanley and Astwood had about the same activity 


as ]jropyl thiouracil, was ineffective in controlling 
thyroto.Kicosis in a small scries of patients. 

The mechanism by which the various salts of 
iodine exert their well-known therapeutic effect 
in Graves’ disease has long remained une.xplaincd. 
Indeed when one considers that the thyroid of 
untreated Graves’ disease has an increased avidity 
for iodine which it rapidly converts and secretes 
into the circulation as thyroid hormone, the ad- 
ministration of iodine to such patients would 
seem to be an unwise maneuver. However, not- 
withstanding these theoretical contraindications, 
the therapeutic value of iodine in Graves’ disease 
is a well-established fact. Plummer (30) who 
established the value of this therajieutic measure 
advanced the hypothesis that the toxic effects of 
Graves’ disease were due to the elaboration of an 
incompletely iodinated hormone molecule. He 
suggested that the therapeutic action of iodine in 
this disease resulted from complete iodination of 
the hormone which even in excess was less toxic 
than the abnormal hormone. 

In contrast to the two-hormone theory ad- 
vanced by Plummer (30). Rawson ct al. (31) 
have advanced a theory that iodine has two actions 
on the thyroid, an iodinating or a nutritive action 
and an involuting action on the thyroid of 
Graves’ disease and have reported that they had 
been able to separate these two actions of iodine 
on the thyroid. They studied patients having 
Graves’ disease before any medication was given, 
after treatment with thiouracil had caused a fall 
in the basal metabolic rate to a normal level, and 
after iodine had been added to the regime of treat- 
ment with thiouracil. Observations included mi- 
cro-histometric studies of biopsy specimens taken 
before treatment, after treatment with thiouracil, 
but before administering iodides, and of glands re- 
moved at operation after treatment with both 
drugs. The urinary excretion of radioactive iodine 
was determined before and during treatment with 
thiouracil. Total and thyroglobulin iodines were 
determined in the operativel}'^ removed thyroids. 
The results showed hyperplasia of the thyroid sam- 
ples removed before starting treatment with mean 
acinar cell heights which averaged 12.0 micra. 
There was an increase in thyroid hyperplasia after 
treatment with thiouracil, the mean acinar cell 
heights averaging 13.9 micra. However, involu- 
tion was observed after iodine had been adminis- 
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terecl in addition to thiouracil, the average mean 
acinar cell height decreasing to 7.2 niicra. This 
involution occurred even though the thyroids were 
not utilizing the iodine in the synthesis of thyroid 
hormone as evidenced by urinary^ excretions of 
radio iodine during treatment with thiouracil 
which averaged 80 per cent as contrasted to aver- 
age radio iodine excretions of 25 per cent before 
beginning treatment. The failure of such glands 
to utilize iodine in the synthesis of thyroid hor- 
mone is further supported by the thyroglobulin 
iodine values which in the glands taken from pa- 
tients who had received thiouracil and iodine 
averaged 7.0 mgm./lOO gm. of fresh thyroid tis- 
sue. The average thyroglobulin iodine of a com- 
parable series of patients who had been prepared 
for operation with thiouracil alone was 6.8 mgm./ 


100 gm. of fresh thyroid tissue, of normal human 
thyroids 29.8 mgm. per cent, of a small series of 
patients treated with iodine only, 36.6 mgm. per 
cent. 

All of the iodine administered to one patient 
was labelled with radioactive iodine and thus a bal- 
ance study was made. Before treatment only 16.3 
per cent of a tracer dose was excreted. After 
treatment with thiouracil 0.8 gm. daily for 15 days, 
73.5 per cent of an identical dose of radio iodine 
was excreted. Following the second biopsy taken 
from the thyroid, a daily dose of 300 mgm. of 
sodium iodide labelled with 100 microcuries of 
radioactive iodine was administered in addition to 
thiouracil 0.8 gm. daily. The radioactivity demon- 
strated in the urine excreted during and after the 
10 day period of treatment with thiouracil and 


o to 
t- y 


UJ 

IT 

UJ 


o 

o 

cd 


CO o 

z 2 


Q Z 
< . 


ro 

HH 


LU 




UJ 


q: 

3 


CO 


Z y 


~ O' 
Q 3 
Ul O 



OS 


X 


Ul z 


< 

tr 



Fig. 1. Radio Iodixe Balance in Patient Before Treatment with 
Thiouracil, During Treatment with Thiour.wil and During Tre.\t- 
ment with Thiouracil and Sodium Iodide 

Intake above the line. Urinarj- excretion below. With regard to intake 
plain white columns indicate that tracer iodine was given with a carrier of 
150 gamma of non-radioactive sodium iodide. Stippled columns indicate 
that radioactive iodine was given as tracer for therapeutic dose of 300 mgm. 
daily of ordinary- sodium iodide. (From Rawson, Moore, Peacock, Means, 
Cope and Riddell. J. Clin. Invest., 1945, 24, 875.) 
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labelled sodium iodide ])ractically equalled the 
radioactivit)' administered. See Figure 1. The 
radioactivity demonstrated in this patient's op- 
eratively removed thyroid vas too little to Jiiea.s- 
ure and the thyroglobulin iodine value was only 
2.3 mgm. per cent. Notwithstanding the fact that 
this gland failed to accumulate or to convert the 
administered iodine to thyroglobulin, the thyroid 
tissue examined after treatment with sodium iodide 
was well involuted in contrast to an extreme hy- 
perplasia observed in the biopsy specimen taken 
just before adding iodine to the treatment. See 
Figure 2. This separation of the involuting action 
of iodine from its nutritive action, these investi- 
gators believe, may explain the paradoxical effect 
of iodine in Graves’ disease. They also suggested 
that the involuting effect of iodine in Graves’ dis- 
ease was due to an inhibitory action of this agent 
to the action of thyrotrophic hormone on the 
thyroid cell. 

Space will not permit further discussion as to 
the mechanism of this involuting action of iodine 
on the thyroid. However, attention should be 


called to the reports of Wolff and Ghaikoff (32), 
who by using tracer technics have r!enK)nstrated 
in rats that the maintenance of an inorganic blood 
iodide level of 200 //g. per cent or more inter- 
feres with the organic binding of iodine by the 
thyroid. They suggest that the level of jdasma io- 
dide is part of a homeostatic mechanism which 
governs hormone .synthesis in the normal gland. 

Although there is good evidence that endemic 
goiter is due to a deficiency of iodine intake, it is 
difficult to explain the development of such non- 
toxic goiters in certain patients who apparently 
have an adequate intake of iodine. Many students 
of tluToid disease have suspected the existence of 
j)ositive goitrogens which plaj- a role in the devel- 
opment of some of the non-toxic goiters develop- 
ing in subjects whose iodine intakes Iw accepted 
standards are more than adequate. Greer and 
Aslwood (33) have demonstrated that certain 
foods have an inhibitory effect to the accumula- 
tion of radio iodine. They have evaluated the 
effects of 61 different food substances on the “ac- 
cumulation gradient" of radio iodine in normal hu- 



A B C 

Fig. 2. Histologic Sectio.xs Taken From Biopsy Specimens and Operatively Removed Thyroid in Patient 

Treated with Thiouracil and Thiouracil Plus Sodium Iodide 


.\. Histologic section of biopsy specimen taken before any treatment. Mean cell height 15.3 + 0.14. 

B. Plistologic section of biopsy removed after treatment with thiouracil had caused a fall in the B.M.R. to a euthyroid 

level. !Mcan cell height 17.3 + 0.17. ^ 

C. Histologic section of operatively removed thyroid after treatment with thiouracil and iodide. Mean cell height 10.3 
+ 0.07. 

(From Rawson, Moore, Peacock, Means, Cope and Riddell, J. Clin. Invest., 1945, 24, 873.) 
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Fig. 3. A Solid Cellular or Trabecular .A.dexoma Surrounded by Normal Thyroid 

Tissue with .■\utoradiocram 


A, Histologic section. 

B. Autoradiogram showing no evidence of function in the adenoma. The areas of black 
coincide svith the normal thyroid tissue. 

(From Dobyns and Lennon, J. Clin. Endocrinol., 1948, 8, 735.) 


man thyroids, and have observed tiiat the more ac- 
tive foods in inhibiting the thyroid’s accumulation 
of radioactive iodine are rutabaga, turnips, string 
beans, frozen peaches, pears, peanuts, walnuts, 
liver, milk and oysters. On the basis of these 
studies we might suggest that the sporadic goiters 
seen in areas where the iodine intake is adequate 
are related to positive goitrogens contained in cer- 
tain dietary products. 

Radioactive iodine has been a most valuable tool 
in evaluating the function of certain tumors of the 
thyroid. Indeed studies with radioactive iodine 
have stimulated an interest in neoplasms of the 
thyroid, benign and malignant, that has probably 
never existed before. The benign tumors of the 
thyroid have been studied e.xtensively by Cope 
cl al. (34), Rawson cl al. (35), and by Dobyns 
and Lennon (36). In general it can be said that 
the benign tumors have an avidity for radio iodine 
which can be correlated with the degree of histo- 
logic difterentiation. The solid cellular tumors, 


trabecular and tubular adenomas, which show no 
differentiation have been found to manifest prac- 
tically no iodine concentrating capacity whereas the 
microfollicular adenomas which show definite hut 
incomplete differentiation have been observed to 
have an avidity for iodine approaching that of 
normal thyroid tissue. See Figures 3 and 4. Al 
the other end of the spectrum single adenomas have 
been found in patients having hyperthyroidism 
which was relieved by simple removal of the ade- 
noma plus a biopsy specimen of uninvolved tissue. 
In these instances the radio iodine was found con- 
centrated in the adenoma and none in the unin- 
volved tissue. Such tumors presented histologic 
pictures of hypertrophied microfollicular ade- 
nomas or frank hyperplasia. The surrounding un- 
involved tissue showed hyperinvolution or de- 
creased acinar cell heights. 

Dobyns and Lennon (36) attempted to cor- 
relate the cell heights of these adenomas with their 
capacities to concentrate radio iodine. They found 
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Fig. 4. Two Functional Adkno.ma.s ok the Thvkoid Sicpakated hv Normal Tiivkoid 

Tissue 

A. Histologic section. Adenoma above is tubular and microfollicular; below is a micro et 
macrofollicular adenoma which has certain characteristics suggestive of a colloid adenoma. 

B. Autoradiogram in which both adenomas were observed to have low-grade iodine concen- 
trating capacity, but much less tlian that observed in the areas corresponding to tlie normal 
thyroid tissue between the two adenomas. 

(From Dobyns and Lennon, J. Clin. Endocrinol., 1948, 8, 738.) 


a certain group of hyperplastic adenomas which 
did not concentrate radio iodine. Such tumors 
showed a marked variability in their cell heights 
and as such resembled a group of papillary adeno- 
carcinomas. See Figure 5. The tumors which 
were functioning in excess of the surrounding thy- 
roid tissue were found to have mean cell heights 
significantly and uniformly in e.xcess of the sur- 
rounding normal thyroid tissue. See Figure 6. 
They not only found hyperfunctioning adenomas 
as evidenced by an increased pickup of radio io- 
dine, which were associated with clinical hyperth}"- 
roidism, but they also found certain small ade- 
nomas which concentrated more radio iodine and 
had uniforml}' increased cell heights as compared 
to the surrounding tissue in patients who had no 
elevation in the basal metabolic rates. Continua- 
tion of such studies may throw considerable light 
on the life history of hyperfunctioning adenomas 
of the thyroid as well as upon the history of certain 
papillary adenocarcinomas. 


Studies of cancer of the thyroid with radioactive 
iodine have not onh- excited an unprecedented 
interest in this disease, but the}' have already re- 
sulted in a much better understanding of the bi- 
ology of this type of cancer. Furthermore, this 
writer believes these studies ha-i'e already led to 
improvements in treatment of this disease with the 
conventional forms of therapy. Hamilton et al. 
(37) were the first investigators to apply radio 
iodine methods in studying cancer of the thyroid. 
With autoradiographic technics they demon- 
strated that normal thyroid tissue concentrated 
labelled iodine in the thyroid follicle. With this 
same technic they studied two cancers of the thy- 
roid and observed that the cancerous tissue was 
incapable of concentrating any radio iodine. The 
first successful attempt to demonstrate pickup of 
radioactive iodine by thyroid cancer was reported 
in 1942 and 1944 by Keston et al (38) and by 
Frantz ct al. (39). They administered tracer 
doses of radio iodine to three patients having thy- 
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roid tumors with bony melaslases. One bony 
metastasis from one of these tumors, an adenoma 
malignum, showed an appreciable uptake of radio 
iodine. 

In 1946, Leiter cf al. (40) reported two cases 
of adenocarcinoma with functioning metastases and 
hyperthyroidism which they studied with radio- 
active iodine. One of these patients had been 
totally thyroidectomized in 1923. Tracer studies 
with radioactive iodine done in this patient dem- 
onstrated that there was no functioning thyroid 
tissue in the neck and that the source of hyperthy- 


roidism was in the metastatic tumors. Seidlin et 
al. (41) have reported that treatment of this pa- 
tient with radioactive iodine resulted in definite 
and lasting improvement. 

Following these observations several investi- 
gators interested in using radio iodine in the 
therapy of cancer of the thyroid have undertaken 
studies with radio iodine concerning the natural 
avidity of various thyroid cancers for radio iodine 
and means of increasing the capacity of such tu- 
mors to concentrate radioactive iodine. 

Marinelli et al. (42) have investigated with 
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Fig. 5. Hyperplastic .'\dexoma without axy Iodine Concentrating Function 

A. Histologic section. Adenoma on right; extranodular tissue on left. 

B. Autoradiogram showing that the radio iodine is concentrated in the extranodular tissue 
rather than in the adenoma. 

C. Cell heights (100 cells in each type of tissue). Black columns represent the cells in tlie 
extranodular tissue; checkered cells represent the cells in the adenoma, showing an increased 
mean cell height but with considerable variability. 

(From Dobyns and Lennon, J. Clin. Endocrinol., 1948, 8, 739.) 
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radioautogi'aphic technics the cai)acit}' of certain 
cancers of the tliyroid to accumulate radioactive 
iodine. They studied 19 selected cancers of the 
thyroid and observed that 10 of these tumors ])os- 
sessed the ability to accumulate radioactive iodine. 
Five of their functioning tumors presented the hi.s- 
tologic structure of so-called ‘‘benign metastasizing 
struma.” See Figui'e 7. The remaining five tu- 



mors which exhil)ited this evidence of function had 
the structure of follicular adenocarcinoma in some 
pf)rtion of the material studied. 'I'hey concluded 
that picku]) of iodine is closely linked with cer- 
tain structural (pialities, which include orclerly 
cell arrangement in follicular ])atlern and the pres- 
ence of colloid-like material. See I'igure 8. 

Frantz cl a!. (43) in a study done on 32 cancers 
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Fig. 6. Hyperplastic Adenoma with Hyperfunction 


A. Histologic section. A roughly triangular piece of adenomatous tissue is shown on the 
right; uninvolvcd tissue on the left. 

B. Autoradiogram showing the relatively high concentration of radio iodine in the adenoma 
and practically none in the remaining thyroid tissue. The adenoma is interpreted as being an 
adenoma functioning in excess of the remaining tissue. 

C. Cell heights (100 cells in each type of tissue). Black columns represent the cells in un- 
involved tissue; checkered columns represent cells of adenoma and illustrate the relative 
uniform cellular hypertrophy of hyperfunctioning thyroid adenomas. 

(From Dobyns and Lennon, J. Clin. Endocrinol., 1948, 8, 737.) 
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of tlic thyroid oliscrvcd that seven out of 12 malig- 
nant adenomas and six mixed tumors picked up 
radio iodine. No inirc papillary adenocarcinomas 
nor le.ss difTerentiated cancers of the thyroid picked 
up the isotope. 

Fitzgerald (44) reported before the Brookhaven 
conference that in a study of 47 selected cases of 
carcinoma of the thyroid given tracers of 
prior to surgical removal, 20 cases showed reten- 
tion of the radio iodine in some portion of the neo- 
plastic areas. Fie rc]iorted that pure papiilarj' 
adenocarcinomas of the thyroid did not retain the 
iodine. In five out of eight mixed papillary and 
follicular or alveolar adenocarcinomas, a retention 
of radio iodine ^Yas observed. He reported that 
two-thirds of the follicular and alveolar carcinomas 
stored radio iodine. Two cases of solid alveolar 
carcinoma stored the radioactive iodine. In six 
cases of Hurthle cell carcinoma and in two cases of 


siiindle and giant cell carcinoma he found no stor- 
age of radio iodine. 

Scidlin et al. (45) reported that eight out of 14 
patients having cancer of the thyroid were capable 
of collecting radio iodine. They reported that the 
destruction of normal thyroid tissue by radioactive 
iodine resulted in an increased avidity for iodine 
by the cancer tissue in two of three patients. They 
also reported tliat one out of two patients treated 
with thyroid-stimulating hormone showed an in- 
creased pickup of iodine. 

Rawson ct al. (46) have observed the effect ■ 
of thyroidectomy, surgical or b}" large doses of 
radio iodine, in 21 patients having relative or ab- 
solute non-functioning metastatic thyroid cancer. 
Following removal or destruction of the normal 
th3'roid eight solid and/or alveolar adenocarcino- 
mas assumed the capacity to concentrate radioac- 
tive iodine. 



I'lr,. 7. .-\i.k.noc.\hci.noma of the Thyrouj SriinoT xi.En uv Few Aitafe.vti.y 

Nohmai. Tnvuoiii Foi.licef.s 

A. Hi.Uologic section, 

h. Autora(riogr.ini 111.-1(10 by .uiiilying Ibis section on pholoKmiiliic film. It would be noted that the 
mn.Yinium function is demonstrated in the uninvolvcd normal thyroid tissue. It will also be noted 
tb.-it the tumorous tissue concentrated significant amounts of radioactive iVxJine, but much less than 
that concentrated by the normal thyroid tissue. 

(From Marinelli, Foote, Hill, and Hocher, Am. J. Roent., 1947,58 26.) 
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A case liistory of the first patient in whom they 
tried this experiment is quoted from (heir report : 

“Mrs. T. L, M. G. H., number 48114, aged 43; was 
the first patient in whom this experiment was tried. Slie 
was admitted to the Massachusetts General Hospital on 
Februar}^ 28, 1945, complaining of a soft tissue mass in 
the skull and of regrowth of a goiter. She gave a historj- 
of having had surgical removal in 1933 of a thyroid nodule 
which had existed for five years. She reported that one 
year before admission to this clinic she had first noted a 
lump over the occiput, and that six months before admis- 
sion she had noted an extensive regrowth of her goiter. 
She was found to have a lemon-sized, moderate^' firm 
mass in the left occipitoparietal area measuring about 
5X6 cm. in diameter and raised about 2 cm. above the 
rest of the skull. She was also found to have a walnut- 
sized, hard mass in the upper pole of the right lobe of 
the thyroid. Several large firm lymph nodes were 
palpable in the right anterior cervical chain. Clinically 
she was euthyroid and her basal metabolic rate was 
minus 12 per cent. X-ray studies of the chest and skele- 
ton revealed only an osteolytic defect in the left parietal 
bone consistent with destruction by metastatic disease. 


'I'racer .studie.s done with radioactive iodine revealed that 
the occipital metastasis was cajiablc of concentrating only 
minimal amounts of iodine. It was reasoned that re- 
moval of her normal thyroid might be followed by a 
significant picku]) of iodine by the skull metasta.sis. On 
March 6, 1945. Dr. K. R. I.inton did a total thyroidec- 
tomy and a right radical neck dissection. At the same 
time a biojisy specimen was removcrl from the metastatic 
lesion in the skull. 7'he thyroirl showed a follicidar 
adenocarcinoma. similar picture was found in the 
small metastasis though this lesion showed more dif- 
ferentiation than the iirimary lesion and contained some 
colloid filled acini. Her normal thyroid was found to 
have collected 1.8 per cent of the preoperatively ad- 
ministered radioactive iodine per gram of tissue. The 
skull metastasis was found to have collected only 0.06 
per cent of administered radio iodine per gram of tissue. 
On March 27, another tracer dose of radioactive iodine 
was administered and in 7’i'r’o measurements over the 
metastatic lesion were made. Though the patient was 
found to concentrate less than 3 per cent of administered 
iodine in the skull metastasis, she did not develop 
myxedema in a period of four months. Indeed, in July 
1945, her basal metabolic rate was plus 4 per cent. Hav- 





Fig. 8. Papiu-ary Carcinoma of the Thyroid Surrounded by Uninvolved Thyroid Tissue 

A. Histologic section of papillary carcinoma of the thyroid surrounded by uninvolved thyroid tis- 
sue and encapsulated micro et microfollicular adenoma. 

B. Autoradiogram made by placing Section A on photographic film. It is to be noted that the 
cancerous tissue in this instance did not concentrate any radio iodine. It is of interest that the be- 
nign lesion in the cxtrathyroidal tissue is functional and indeed concentrated more iodine than did the 
surrounding uninvolved thyroid tissue. 

(From Marinclli. Foote, Hill, and Hocker, Am. T. Roent,, 1947, 58, 23.) 
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Fig. 9. B.M.R. Leitls and Radio Iodine Collections by Metastatic Tumors Before 
AND After Removal of the Normal Thyroid 
It is to be noted that tliis patient concentrated considerably more radioactive iodine in her 
metastatic tumor after removal of the normal thyroid than she did before operation. It is also 
to be noted that four months after total removal of the normal thyroid her B.M.R. was within 
normal range. (From Rawson, Marinelli, Skanse, Trunnell and Fluharty, J. Clin. Endocrinol., 
1948, 8, 832.) 


ing the erroneous impression that thyroidectomy was 
ineffective in altering the function of this tumor, it was 
decided to attempt removal of the skull metastasis. 
On July 6, Dr. Mixter made this attempt. However, 
it was impossible to do more than a partial removal of 
the tumor. Postoperatively the patient was treated with 
x-ray and received 1550 roentgens delivered in six doses 
through a 10 X 10 field. The patient returned to her 
home in Rochester, New York, and was not seen again 
until July of 1947. At that time she was taking desic- 
cated thyroid in a daily dose of 65 mgm. (1 grain). She 
reported that in .^pril of 1947 she had noted a regrowth 
of the tumor in her occipitoparietal area. She was 
found to have a moderately firm tumor, which meas- 
ured about 2 cm. in diameter, at the site of the pre- 
vious occipital tumor. She had a basal metabolic rate 
of minus 16 per cent. A tracer dose of radioactive iodine 
was given on July 3, of which she excreted 92 per cent 
in the urine. I n x'iz'o measurements revealed radioactivity 
in tile skull lesion and in the neck. There was about 
three times as much activity in the skull metastasis as 
in the neck. On .-August 1, she was advised to stop 
taking thyroid. She was readmitted to the hospital in 
October of 1947 and was found to have a B.M.R. of 
minus 11 per cent. Studies reve.alcd an increase in 


size of the occipital lesion and a new osteolytic lesion 
in the third dorsal vertebral body. A tracer dose of 
radioactive iodine was administered on October 6. Of 
this tracer dose, she excreted only 48 per cent. By tit 
vivo measurements, it was estimated that she concen- 
trated 30 per cent of the administered dose in her oc- 
cipital lesion, 10 per cent in the region of her thyroid and 
10 per cent in the vertebral lesion. This patient is now 
being treated with large doses of radioactive iodine.” 
See Figure 9. 

The time required to observe these changes 
subsequent to thyroidectomy varied between one 
month and 32 months. In four cases of pure papil- 
lary adenocarcinoma that they studied, total thy- 
roidectomy had no effect on the function of previ- 
ously non-functioning metastasis. These same 
investigators have likewise reported that the avid- 
ity for radio iodine of certain functioning cancers 
of the thyroid can be increased by administering 
thyroid-stimulating hormone. They have also ob- 
served that prolonged treatment with thiouracil 
may be followed by considerable increase in the 
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iodine accumulating capacity of certain function- 
ing cancers of the thyroid. This described effect of 
prolonged treatment with thiouracil might he as- 
cribed to an increased elaboration and augmenta- 
tion in action of the patient's own thyroid-stimulat- 
ing hormone. 

These observations in which it has been demon- 
strated that the function of metastatic cancer of the 
thyroid can be altered b}' removal of the normal 
thyroid or by administering thyroid-stimulating 
hormone suggest that this cancer is not wholly 
autonomous but is capable of responding to cer- 
tain physiologic stimuli. They also provide us 
with concepts which may lead to a more complete 
understanding of the biology of this t}'pe of a 
neoplasm. It is hoped that these conce])ts may 
also be applied in studying neoplasms of other 
tissues as well. 

In the light of present knowledge, our under- 
standing as to the mechanisms through which the 
thyroid hormone exerts its actions on the cells 
of the body is a void. Recent studies, however, in- 
dicate that tracing labelled thyroid hormone 
through its circuit may throw some light on the 
mode of action of this hormone. Gross and Le- 
Blond (47) have observed that thyroxine labelled 
with when administered to intact rats is with- 
drawn from the blood stream and is demonstrable 
in various tissues within two hours of its adminis- 
tration. They also observed that it is broken down 
within the body to diiodotyrosine and iodide. 
Hamilton, 1948 (48) and Keating and Albert 
(49) have observed the fate of radio iodine labelled 
thyroxine, thyroglobulin and iodinated casein in 
myxedematous patients. They have observed that 
less than 5 jjer cent of the labelled iodine is ex- 
creted in the feces and that the rest is excreted in 
the urine. They have found that more than 90 per 
cent of the labelled iodine excreted in the urine is ex- 
creted as iodide and that the remainder is excreted 
as diiodotyrosine. One might suggest on the basis 
of these studies that the thyroid hormone in the 
process of exerting its action is broken down and 
the iodine liberated to be excreted or utilized in the 
synthesis of thyroid hormone. It is to be hoped 
that these studies are only the beginning of investi- 
gations which may elucidate the mode of action 
of the thyroid liormone. 


.StrM,\rA!{V 

1. Studies with radif)active iodine have resulted 
in major contributions to our knowledge of thyroid 
physiology, normal and morl)id. 

2. Thus far the completed studies are in har- 
moiu' with previous observations made with the 
conventional biochemical technics. However, be- 
cause of the fact that with these technics, ])hysio- 
logic levels of study never before obtained are pos- 
sible. we have been able to broaden our knowledge 
of thyroid di.seasc at a level which could not other- 
wise be reached. 

3. With these technics we have been jirovided 
with better concepts as to 

a. the actions of certain thyroid stimu- 
lators and inhibitors, 

b. the function and biology of benign and 
malignant neoplasms of the thyroid, 

c. a possible mode of action of the thyroid 
hormone on the tissues of the body. 

4. It is suggested that these studies are only the 
beginning of new and intensive investigations on 
normal and morbid physiology of the thyroid 
which will not onh’ lead to better understanding 
of thyroid disease but may also result in more in- 
telligent and physiologic therapy of these maladies. 
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THE USE OF RADIOIODINE IN PHYSIOLOGICAL AND CLINICAL 
STUDIES ON THE THYROID GLAND 

By M. S. RABEN i and E. B. ASTWOOD 

(From the Joseph H. Pratt Diagnostic Hospital and the Department of Medicine, Tufts 
. Medical School, Boston, Mass.) 


The presence of iodine within the molecule of 
thyroid hormone has greatly facilitated physio- 
logical studies on the thyroid gland. In a sense 
the primary function of the thyroid gland is to 
regulate the intermediary metabolism of iodine; 
studies on the fate of iodine in the body, then, 
bear directly on thyroid physiology. Chemi- 
cal methods for the detection and quantitative 
determination of iodine have been developed to 
a high degree of sensitivity and accuracy, and 
there are few substances that can be measured 
by chemical means in such small quantities. 
The use of radioiodine has not only simplified 
many procedures which would be most difficult 
by chemical methods, but it has made it possible 
to carry out studies which could not have been 
done by any other means. 

First described by Fermi in 1934 (1) radio- 
iodine (I^^®) was first used in physiological 
studies by Hertz, Roberts, and Evans in 1938 
(2). The longer lived isotopes, I^^® and I^®^, 
more suitable for physiological and clinical ex- 
periments, could be produced in limited quantity 
in the cyclotron and were used in several centers 
for fundamental investigations. Extensive ap- 
plications of radioiodine have been possible since 
1946 when I^®^ was made in quantity by the 
chain-reacting uranium pile. 

Evidence for physiological identity of radioiodine 
and 

By analogy with the isotopes of other elements 
it was to be expected that radioactive iodine would 
not differ chemically or in physiological reaction 
from ordinary iodine. No single experiment with 
radioiodine establishes this fact, but many ob- 
servations are consistent with the chemical iden- 
tity of the several isotopes; no evidence has yet 
been brought forward to indicate that chemical 
differences exist. Favoring the supposition that 
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I^®^ is identical with I^^^ in chemical and physio- 
logical reactions are the observations that; (1) 
under appropriate conditions exchanges to theo- 
retical equilibrium can be observed between 
radioiodide and diiodotyrosine and vice versa 
(3) ; (2) various radioiodine-Iabelled compounds 
can be purified to constant specific activity; (5) 
when physiological experiments are performed 
using radioactive and chemical methods for iodine 
in parallel, good agreement is observed; and (4) 
administered radioactive iodine appears in diiodo- 
tyrosine, thyroxine, and protein-bound iodine. 

A question which seems not to have been an- 
swered, however, concerns the chemical state of 
the carrier-free iodine which is used in tracer 
studies. One wonders whether the equilibria 
which obtain with chemically detectable concen- 
trations of iodine still hold in solutions of almost 
infinite dilution, and whether one can safely 
manipulate solutions of carrier-free without 
fear of unpredictable changes in chemical state. 
The preparation of this material for administra- 
tion to man or animal must surely carry the 
hazard of a partial conversion to hypoiodite or 
even iodate; and, were this to occur, bizarre re- 
sults might follow, especially after parenteral use. 
For these and other reasons the use of carrier 
would seem advisable whenever there is no con- 
traindication to it. 

Similar uncertainties may arise when tissues 
or body fluids containing radioiodine are sub- 
jected to chemical procedures. When carrier 
cannot be used as in the identification of a new 
or unknown compound, large errors might enter 
because of the extreme smallness of the quantities 
involved. 

Considerable debate has concerned the extent 
to which exchange reactions might complicate 
physiological studies and thus invalidate conclu- 
sions. Leblond and Sue (4) found little or no 
exchange in vitro upon admixing radioiodine and 
iodate or radioiodine and diiodotyrosine in 
aqueous solution. Miller ct al. (3), however. 
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have defined certain in vitro conditions which are 
favorable for the exchange between the iodine 
atoms of diiodotyrosine and iodide or iodine. The 
reaction is rapid in acid solutions and is acceler- 
ated by heat and by oxidative environments which 
would permit the presence of iodine. At physio- 
logical hydrogen ion concentrations, little ex- 
change occurs, and reducing agents are strongly 
inhibitory. Evidence against the occurrence of 
simple exchange in vivo, as Avell as against it 
taking place during the usual in vitro fractiona- 
tion procedures on thyroid tissue, has been pro- 
vided by the experiments of Morton and ChaikofF 
(5). They showed that although radioiodine 
was incorporated into diiodotyrosine and thyrox- 
ine by surviving thyroid slices, little or no radio- 
iodine entered these compounds when homoge- 
nized thyroid tissue was used. 

Absorption, distribution, and excretion of iodide 
ion 

It is usually assumed that iodide ion resembles 
chloride ion in the rate and extent of its absorp- 
tion from the intestinal tract and in its distribu- 
tion in the body fluids. It appears to remain in 
the extracellular space and to be distributed in 
the body in a manner which is very similar to 
chloride and thiocyanate (6). Apparently iodide 
ion is handled somewhat differently from chloride 
by the gastric mucosa and the kidney, and, of 
course, the difference is striking in the case of 
the thyroid gland. Davenport (7) found that 
iodide is selectively excreted by the stomach 
provided the blood concentration is low. As the 
normal concentration is very low, one would 
have anticipated that tracer doses of would 
be selectively excreted into the stomach. This 
has proved to be the case (8) , and it is a common 
observation that shortly after the administration 
of radioiodine a significantly higher concentra- 
tion is detectable in the stomach than in other 
sites, excepting the thyroid and the urine. Mari- 
nelli and Hill (9) have calculated that when 
large doses of I^®^ are given for the treatment of 
thyroid tumors, the gastric mucosa receives a 
large dosage of radiation, even when the radio- 
iodine is given intravenously. A temporary de- 
crease in both gastric and salivary secretion has 
been noted under these circumstances (10). The 
kidney, at least in some species, excretes iodide 


more rapidly than chloride or bromide, and the 
rate of excretion has been obscrv'cd to be hastened 
somewhat by the administration of increased 
amounts of chloride. This has been strikingly 
demonstrated recently in the dog, Riggs (11) 
observed that this species excreted iodide very 
slowly but that the rate of excretion was greatly 
enhanced by large amounts of either bromide or 
chloride, and even by large amounts of iodide. 

The renal excretion of a tracer dose of P®^ in 
man has been extensively investigated. When a 
large quantity of iodide labelled with radioiodine 
is given, virtually all of it can be recovered in the 
urine within a few days. With small doses or 
tracer amounts only a fraction appears in the 
urine, a varying proportion entering the thyroid 
in firm combination with protein. Hamilton and 
Soley (12) found that 53 to 81 per cent of a 
14 mg, dose was excreted in the urine by normal 
persons in 24 hours, while a larger fraction was 
excreted at a somewhat slower rate by individuals 
with myxedema. Hertz, Roberts, and Salter 
(13) found that less radioiodine appeared in the 
urine in cases of hyperthyroidism, a larger pro- 
portion being held in the thyroid gland. Again 
large doses of carrier favored the excretion of a 
larger proportion of the administered radioiodine. 
When 2 mg. of carrier or less was used in 11 
thyrotoxic individuals, only 10 to 56 per cent of 
the dose could be recovered in the urine. It 
developed, therefore, that the proportion of a 
small dose or a tracer dose of iodine excreted in 
the urine bore an inverse relation to that taken 
into the thyroid gland. Several workers have 
used this phenomenon to study thyroid function 
in man in preference to direct measurements on 
the thyroid gland (see below). 

Iodide ion can also be detected in other body 
secretions including saliva, tears, sweat, and milk, 
and it enters serous effusions and the cerebro- 
spinal fluid (14). Radioiodine has not been used 
extensively to check these observations, but it can 
readily be detected in the saliva after it is given 
by mouth or by injection (8), and it has been 
found to enter the cerebrospinal fluid slowly. 

Concentration of iodide ion by the thyroid 

Earlier work with I^®‘ showed clearly that the 
thyroid is capable of accumulating iodine at a 
rapid rate and that this iodine is quickly bound 
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to protein (15). Tracer studies with radioiodine 
have established that two steps are involved in 
this process: (1) The accumulation of iodide 
ion, and (2) the organic binding of iodine. It 
has long been known that a small amount of in- 
organic iodide can be detected in the normal 
thyroid gland and that considerable amounts may 
be found after iodine therapy. Large amounts 
of inorganic iodide are concentrated in the thy- 
roid in hyperthyroidism after the administration 
of therapeutic quantities of potassium iodide (16). 
Lein (17) demonstrated in rabbits, given 35 fig. 
of iodide labelled with radioiodine, a prompt ac- 
cumulation of inorganic iodide followed by a slow 
accumulation of iodine in a protein-bound form. 
A still clearer demonstration of the two separate 
mechanisms involved in iodine collection by the 
thyroid was given by Franklin and Chaikoff in 
1944 (18). It was observed that while sulfona- 
mides inhibited the incorporation of I^^’- into 
diiodotyrosine and thyroxine by tissue slices hi 
vitro, these compounds did not prevent the ac- 
cumulation of the by the slices. McGinty 
(19) found in rats that, though the organic bind- 
ing of iodine is completely inhibited by thiouracil 
feeding, the quantity of iodine in the thyroid 
gland can be increased by adding potassium iodide 
to the diet. This iodine, however, was not pre- 
cipitable with protein and, therefore, presumably 
still in an inorganic form. It was also noted (20) 
that the thyroids of rats depleted of iodine by 
thiouracil treatment would rapidly accumulate 
iodine if a relatively large dose of ordinary iodide 
were injected; this freshly accumulated iodine 
was found to be unattached to protein. Further 
studies on the iodide ion-concentrating mecha- 
nism were greatly facilitated by the finding that it 
is specifically inhibited by thiocyanate. 

It had been noted by Barker (21) that potas- 
sium thiocyanate could give rise to goiter and 
signs of myxedema in man, and it was later 
found to be goitrogenic in rats (22). However, 
thiocyanate differed from antithyroid compounds 
in that its goitrogenic effect could be abolished by 
increasing the iodide intake. Franklin, Chaikoff, 
and Lerner (23, 24), using radioiodine, and Van- 
derLaan and Bissell (25), employing ordinarj* 
chemical methods, clearly established the effec- 
tiveness of thiocyanate in inhibiting the uptake 
mechanism for iodide. In a detailed study of this 


phenomenon VanderLaan and VanderLaan (26) 
established, as far as current physical and chemi- 
cal methods would permit, that the iodine ac- 
cumulated by the thyroid gland, when organic 
binding is completely inhibited by propylthioura- 
cil, is indeed iodide ion. They showed that thy- 
roid tissue can maintain an iodide ion concen- 
tration much higher than that of the circulating 
blood. This gradient, or, expressed another way, 
the thyroid/blood iodide ratio, is increased when 
the thyroid is hyperplastic. Thiocyanate inhibits 
this concentrating mechanism and within an hour 
or less after thiocyanate is given, the thyroid/ 
blood iodide ratio has approached 1/1. It is of 
interest to note that VanderLaan and Vander- 



Fig. 1. The Effect in Normal Young Rats of 
Various Doses of Potassium Thiocyanate on the 
Thyeoid/Blood Iodide Ratio 
The animals were injected with 5 mg. of propylthioura- 
cil to prevent organic binding of iodine and were given 
carrier-free radioiodine two hours, and the potassium 
thiocyanate one hour before being killed. 

Laan found that the use of chemical methods 
yielded the same results as did radioiodine tech- 
nics. The effect on the thyroid/blood ratio of 
increasing doses of KSCN is shown in Figure 1. 

In addition to thiocyanate ion, cyanide and 
sulfide ions were found by Schachner, Franklin, 
and Chaikoff (27) to inhibit iodine uptake by 
thyroid slices in vitro. Neither azide, sulfanil- 
amide (27), methylcyanide, or thiourea deriva- 
tives (23) inhibited uptake, v.-hereas azide, thiou- 
reas, and various aminobenzene derivatives (28) 
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inhibited the incorporation of the radioiodine into 
diiodotyrosine and thyroxine. 

In the intact animal thiocyanate is the only 
agent which has thus far been found to inhibit the 
iodide-concentrating mechanism. Bromide is 
without effect even when given in large amounts 
to rat (26) or to man (29). Potassium cyanide, 
in the small doses tolerated, was ineffective in 
rats (30). 

Quantitative studies in the rat showed that the 
thyroid/blood iodide ratio averaged 25 in the 
normal animal and 250 in animals whose thyroids 
were made hyperplastic by the administration of 
propylthiouracil (26). Taurog, Chaikoff, and 
Feller (31) also found values averaging 250 for 
rats with hyperplastic thyroids and noted that 
this did not change appreciably over the course of 
24 hours following the administration of the 
tracer dose. Though the calculation may be 
somewhat in error, it is of interest to note that the 
values found by Franklin and Chaikoff (18) for 
iodide uptake in slices of normal sheep thyroid 
glands bathed in Ringer’s solution containing 
sulfanilamide (cited above) permit one to esti- 
mate that the slice/fluid iodide ratio was about 
40. By a different method, Wolff and Chaikoff 
(32) found the thyroid/blood iodide ratio of 
normal rats to vary between 100 and 290 — ^a 
value much higher than that given by VanderLaan 
and VanderLaan. This possibly indicates that 
the thyroids were somewhat hyperplastic as a 
consequence of a low iodine intake; though the 
actual intake was not mentioned in this particular 
report, other papers from the same laboratory 
cite the value 0.1 fig. of iodine per gram for the 
diet usually employed (33). Most laboratory 
diets contain considerably more iodine than this 
and animals fed on them would have thyroids in 
a more nearly “resting” state. Subsequent 
studies in both man and rat indicate that the 
iodide gradient is an index of the “activity” of 
the thyroid. The gradient has been observed to 
fall rapidly after hypophysectomy and to be in- 
creased by thyrotropin (34). 

Though thyroid tissue can maintain a high 
iodide gradient, there is a limit to the total quan- 
tity of iodide that it can contain. Appreciable 
additions can be made to the iodide content of the 
blood without altering the thyroid/blood ratio, but 
beyond a critical concentration the ratio progres- 


sively falls as the blood concentration is further 
increased. Taurog, Chaikoff, and Feller (31) 
found the ratio to be unchanged when 2 fig. or 
100 /tg. of iodide were given to adult rats. 
VanderLaan and VanderLaan (26) gave increas- 
ing doses of carrier labelled with to young 
rats. No change in the iodide gradient resulted 
from doses up to 100 fig. of potassium iodide; 
300 fig. reduced the ratio to half, and 1000 fig. 
to less than 1/10 the control ratio. The con- 
centrating mechanism could not be completely 
saturated, however, and even when 10 mg. were 
given, the thyroid held more iodide than an equal 
volume of serum. 

Orgamc bi7}di)ig and hormotie syuihcsis 

Iodine coinpoiinds in the thyroid. Harington 
has stated that all the organic iodine in the thy- 
roid can be accounted for in two compounds, 
diiodotyrosine and thyroxine, basing this conclu- 
sion on the results of a series of fractionations of 
the iodine compounds after alkaline hydrolysis 
of thyroid gland tissue in progressively stronger 
alkali (35). These compounds are believed to 
be present in the gland in peptide linkage as 
part of a large protein molecule, thyroglobulin, 
and are neither dialyzable nor directly extractable 
with butyl alcohol. It has recently been found 
that a small amount of free thyroxine can be ex- 
tracted from the rat thyroid gland (36). 

About 25 to 30 per cent of the organic iodine in 
the gland is believed to be in the thyroxine frac- 
tion, and in a study of 11 different vertebrates 
(37), the values were remarkably constant, rang- 
ing from 24 to 32 per cent. 

If the recent claims of Fink and Fink (38) are 
correct, however, a radical revision of Harington’s 
thesis would be necessary. Hydrolysis products 
of thyroid tissue after I^®^ administration were 
studied by paper partition chromatography. 
Initially, several radioactive spots were noted 
which could not be attributed to the known iodine 
compounds of the thyroid (39), and more re- 
cently, both in man and in the rat, the radio- 
activity in a spot on the paper chromatogram, 
identified as being due to monoiodotyrosine, was 
found to be % to % as intense as that of the 
diiodotyrosine spot (38). 

The iodination mechmiisni, by which the 
peptide-linked tyrosyl radicals are iodinated, is 
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but poorly understood. It is likely that the iodide 
ion which has entered the gland, and presumably 
the follicular cell, must be oxidized to or to 10" 
for the iodination to proceed ; an oxidative mecha- 
nism capable of effecting this step must be sought. 
A peroxidase enzyme would be a logical pos- 
sibility, as it would meet the requirements of the 
high potential involved in the oxidation process. 
Histochemical evidence of peroxidase activity 
within the parenchymal cells has been offered by 
Dempsey (40), challenged by Clock (41), and 
supported by de Robertis and Grasso (42) . It is 
an attractive hypothesis that H 2 O 2 catalyzed by 
peroxidase converts I" to Ij. But the presence of 
H 2 O 2 has yet to be shown, and for that matter, 
I 2 or lO" exists in the cell in theory only, or at 
any rate, has never been chemically identified. 
The actual persistence of iodine in a tissue cell 
in either of these forms is highly unlikely, and 
the transition from iodide through an oxidized 
form to its incorporation in the benzene ring of 
tyrosine may occur almost as a single step. In a 
study of the kinetics of the in vitro iodination of 
tyrosine, Li (43) concluded that, after entrance 
of the first iodine atom, the second combines im- 
mediately. If this process simulates the events in 
the thyroid gland, the presence of the large 
amounts of monoiodotyrosine reported by Fink 
and Fink (38) would be difficult to understand. 

Conjugation. A number of facts lend support 
to the theory proposed by Harington and Barger 
(44) that diiodotyrosine is the precursor of 
thyroxine in the thyroid gland. Diiodotyrosine 
incubated at slightly alkaline pH will be partially 
converted to thyroxine (45) ; the iodination of 
casein gives a high yield of diiodotyrosine and 
later, after incubation, large amounts of thyroxine 
can be isolated (46, 47). Observations on the 
changes with time of the relative specific activities 
of thyroxine and diiodotyrosine in animals in- 
jected with radioactive iodine have yielded results 
consistent with formulae predicting the relation- 
ship of the activities of a substance and its precur- 
sor (48). 

The formation of thyroxine is thought to occur 
as the result of the oxidative coupling of two 
molecules of diiodotyrosine with the elimination 
of one side chain. The oxidative conditions re- 
quired for this coupling could potentially be pro- 
vided by iodine or h}'poiodite, or perhaps by what- 


ever mechanism produces the oxidation of iodide. 
It has been pointed out (49) that peroxidase 
could catalyze this oxidative coupling, but whether 
a specific enzyme is actually concerned with this 
step is not known. 

The rate at which organic binding and coupling 
goes on depends on the state of activity of the 
gland, and is accelerated by thyrotropin (50) and 
exposure to cold (51), slowed by hypophysectomy 
(4, 52), and influenced by the previous iodide 
level (36). The rate is also affected by the iodide 
concentration at any moment (32), as noted 
below. 

An interesting chemical model of the iodination 
process has been devised by Keston (53). I^®’^ 
in iodide form added to unpasteurized milk failed 
to yield diiodotyrosine or thyroxine to any con- 
siderable extent until xanthine was added to the 
system, after which 67 per cent of the radioactive 
iodine could be recovered in these compounds. 
It is presumed that the xanthine oxidase present 
in milk liberated H 2 O 2 , which either directly, or 
catalyzed by the peroxidase also present in milk, 
oxidized the iodide to a more reactive form, which 
in turn iodinated tyrosyl groups. The enhancing 
effect of xanthine could be prevented by the ad- 
dition of thiourea. 

Experiments in general demonstrating that the 
iodination of casein (with elemental iodine) pro- 
duces diiodotyrosine and thyroxine within the pro- 
tein make plausible the belief that the process takes 
place in the thyroid gland at the level of protein 
molecules. Indeed, diiodotyrosine and thyroxine 
are formed much more rapidly in vitro when pro- 
tein is iodinated than when the process is carried 
out with the free amino acid, tyrosine (45, 48). 

Extra-thyroidal hormone formation has been 
suggested by several investigators. If radioac- 
tively labelled iodide is injected into thyroidecto- ■ 
mized rats, small amounts of the iodine can be 
recovered in the various tissues of the body as 
diiodotyrosine and, thyroxine (54). The subcu- 
taneous injection of elemental iodine, will exert 
thyroid hormone-like effects (55) and produce 
considerable iodination of tissue protein (56), but 
this represents a highly unphysiological situation. 
The metamorphosis of thjToidectomized amphibi- 
ans has been found to be stimulated b}' iodine (57) , 
and the metabolic rates and body weights of thy- 
roidectomized rats have been shown to be slightly 
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higher on a diet adequate in iodine than on an 
iodine-deficient diet (58). 

The production of cretinism and myxedema by 
removal of the thyroid, however, would seem to 
be adequate evidence that if extra-thyroidal pro- 
duction of thyroxine occurs, the quantity falls 
far below the requirements of the body. 

Action of antithyroid compounds. It has been 
well established by non-radioactive technics that 
antithyroid compounds of both the thiocarbon- 
amide (thiourea derivatives, etc.) and the amino- 
benzene (sulfonamides, etc.) types act by inhibit- 
ing the formation of thyroid hormone. Numerous 
studies employing radioactive iodine have con- 
firmed this. Both in tissue slices (18, 23, 28) 
and in the intact animal (30, 31, 59-62), these 
substances interfere with the organic binding of 
iodine, but do not inhibit the thyroid’s capacity 
for concentrating iodide ion. When antithyroid 
compounds are present in effective concentrations, 
the incorporation of radioactive iodine into di- 
iodotyrosine and thyroxine is prevented. The 
first step in hormone synthesis, the iodination of 
tyrosine, must, therefore, be blocked. In the face 
of this block, it becomes more difficult to deter- 
mine whether the second step, the conversion of di- 
iodotyrosine to thyroxine, is also affected, and in 
fact, it is not really known whether antithyroid 
compounds influence the latter process. Recently 
Pitt-Rivers (63) has been able to inhibit the in 
vitro conversion of acetyldiiodotyrosine to acetyl- 
thyroxine with a number of antithyroid com- 
pounds of both the thiocarbonamide and amino- 
benzene type (but with amounts of these sub- 
stances which would probably represent enormous 
in vivo doses). 

It has been observed repeatedly that following 
a single dose of thiouracil (or one of its relatives), 
or following a prolonged period of administration 
as well, the resumption of organic binding occurs 
within a matter of hours after the drug has been 
stopped (64, 65). If the administration has been 
continued long enough, a diminution of circulat- 
ing thyroxine will occur, and an excessive output 
of thyrotropic hormone by the pituitary gland will 
have resulted (66, 67). The thyroid gland, un- 
der these circumstances, is found to be grossly 
enlarged, hyperplastic microscopically, and hyper- 
active as judged by the increased capacity to 
concentrate radioactive iodide (26). One experi- 


ment (68) has suggested a prolonged suppres- 
sion of the capacity of the rat thyroid to bind radio- 
iodine after a period of thiouracil administration. 
The turnover rate could, however, have been so 
fast that the single determination obtained in 48 
hours would not necessarily have been conclusive. 

A number of possible c.xplanations have been 
suggested to account for the inhibition of the 
organic binding of iodine by antithyroid drugs: 
(1) Thiouracil immediately reduces lo in vitro at 
neutral pH, and probably, in this way, inhibits the 
iodination of casein (69). It could conceivably 
act in the thyroid either by preventing the oxida- 
tion of iodide, or by reducing the oxidation prod- 
uct as rapidly as it is formed. (2) Thiouracil 
is said to suppress the activity of the peroxidase in 
the follicular cell (40) ; and, thus, if this theory 
of the oxidation mechanism is correct, might act by 
inhibiting the catalyst of the oxidation, or by serv- 
ing as a competitive substrate for peroxidase (70). 
(3) It has been suggested that antithyroid com- 
pounds might act by inhibiting the cytochrome- 
oxidase system (71). The failure of antithyroid 
compounds to depress thyroid tissue respiration 
(72), however, makes this possibility remote. 

It would seem unlikely, too, that cytochrome- 
oxidase, or any enzyme which is so widely distrib- 
uted in the body, should catalyze the oxidation of 
iodide in the thyroid gland, and not catalyze it in 
all other tissues as well. We do not, however, 
know to what factor the thyroid owes its re- 
markable powers for iodinating proteins. Does a 
specific oxidative enzyme in the thyroid cell en- 
dow it with this property, or does it rather con- 
tain only the oxidative potentialities of all cells, 
but gain its special property through a unique 
permeability to the iodide ion? 

Inhibitory effect of iodide. An observation im- 
portant to the understanding of the influence of 
iodine upon the function of the thyroid gland is 
the striking inhibitory eflFect of a high concentra- 
tion of iodide upon the process of organic binding. 
First demonstrated in 1944 by Morton, Chaikoffi, 
and Rosenfeld (73) for sheep tissue slices bathed 
with a bicarbonate-Ringer’s solution containing 
varying concentrations of labelled iodide, this 
phenomenon was later more extensively investi- 
gated in intact animals by Wolff and Chaikoff (32, 
74). Rats were injected with labelled iodide in 
doses ranging from 10 to 500 /tg. and the amount 
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of iodine organically bound calculated from the 
amount of radioactivity measured in the trichlor- 
acetic acid-precipitable fraction of the thyroid 
glands. When correlated with the plasma iodide 
concentration, it was clearly demonstrated that at 
plasma values above 20 to 35 /xg. per cent the or- 
ganic binding of iodine practically ceased (Fig- 
ures 2a and 2b). This inhibition could be pro- 
longed for 40 .hours from a single, large injec- 
tion in nephrectomized rats (75). 

Recent observations which we have made (76) 
suggest that, as might have been anticipated, the 
blocking effect of iodide correlates more directly 
with the concentration of the ion in the thyroid 
gland than with the plasma concentration. Evi- 
dence for this was obtained from the following 
findings : { 1 ) The rats used in the experiments of 
Wolff and Chaikoff (32) maintained an exceed- 
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Figs. 23 and 2b. Iodide Inhibition of Organic 
Binding 

Groups of rats injected with 10 Mg. (Figure 2a) and 
200 Mg. (Figure 2b) of iodide, respectively, as potassium 
iodide labelled with I*®. Inhibition of organic binding 
(dotted line) persisted until the plasma iodide level fell to 
about 20.0 Mg. per cent (from Wolff and Chaikoff [32]). 


ingly high thyroid-serum iodide ratio, probably 
due to a low dietary iodine intake. Using rats 
which maintained a lower ratio, we found that 
considerably greater amounts of iodide were re- 
quired to cause inhibition of organic binding. (2) 
If rats injected with a blocking dose of potassium 
iodide were also given a dose of potassium thiocya- 
nate, which, as indicated earlier, would lower the 
thyroid-serum ratio, it was found that organic 
binding could then occur. Under these circum- 
stances, the thyroid iodide concentration had been 
lowered without changing appreciably the high 
plasma values. 

One is tempted to apply this newer information 
concerning iodine influence on thyroid function to 
explain the well-known salutary effect of iodine in 
Graves’ disease. In this condition, when un- 
treated, the gland is enlarged and markedly hyper- 
emic; the parenchymal cells are columnar and 
tall; the follicles are irregular with many papil- 
lary projections into the lumina, which are con- 
siderably smaller than normal. The colloid ap- 
pears decreased in amount, is more liquid than the 
usual consistency, and the organic iodine concen- 
tration of the gland is markedly diminished. Un- 
der treatment with iodine (in amounts which are 
distinctly pharmacological rather than physio- 
logical), improvement in clinical signs and symp- 
toms frequently ensues,- and local changes occur in 
the thyroid that might reasonably be described as 
“involutional.” The hyperemia diminishes, the 
follicular cells become flattened, the follicle is 
rounded, and its colloid content appears increased. 
In addition, the organic iodine concentration is 
greatly increased. 

Wolff and Chaikoff (32) have regarded the 
blocking effect of iodide as a “homeostatic regu- 
lator” by means of which “the formation of toxic 
amounts of thyroid hormone is prevented” and be- 
lieve further that this mechanism explains in part, 
at least, the beneficial effect of iodine in Graves’ 
disease. To involve this mechanism alone, would, 
of course, leave unexplained the fact that the 
organic iodine content of the thyroid, both in the 
normal animal and in Graves’ disease, increases 
with iodine therapy. It is interesting to note that 
the data presented by Chaikoff and co-workers 
(32, 73) demonstrate, though it is not pointed out 
by the authors, that below the iodide concentra- 
tion TOlues necessary for inhibition, the absolute 
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amounts of iodine organically bound increase with 
increasing amounts of iodide present. This phe- 
nomenon has also been observed by us in the rat 
(76) and by Stanley (77) in man. This point 
would also be consistent with older observations 
(33, 78) that the organic iodine content of animal 
thyroids increases with increasing dietary iodine 
intake, and that intermittent iodine therapy may 
increase thyrotoxicity (79). 

The rapid inhibition of organic binding by a 
large concentration of iodide is perhaps the best 
single piece of evidence of a direct effect of iodine 
upon the function of the thyroid gland. Though 
it may be argued that an action through the in- 
hibition of thyrotropin has not been ruled out, the 
site of inhibition would, in any case, have been de- 
fined. The influence of iodine upon the size, and 
both gross and microscopic appearance of the thy- 
roid treated with thiouracil (19, 80), and upon the 
gland in hyperthyroidism, further suggests a di- 
rect effect. 

In the reverse situation, in which stimulation of 
the thyroid occurs as a result of iodine deficiency, 
it is difficult to know whether the lack of iodine 
per se acts as a stimulus to the gland, or whether 
this phenomenon is entirely secondary to increased 
pituitary stimulation. 

Studies using the radioautographic technic were 
first made on thyroid tissue by Hamilton, Soley, 
and Eichorn (81) in 1940, in experiments which 
revealed increased radioactivity in hyperplasia 
and an absence of activity in the thyroid cancer 
tissue studied. Subsequent studies have confirmed 
the idea that information about the formation and 
storage of organic iodine compounds could be ob- 
tained by this method, and refinements in technic 
(82-87) have made very detailed observations 
possible. 

By use of radioautographs, the accumulation of 
radioactive iodine has been shown in the stolonic 
septum in the ascidians, Styela and Ciona, as well 
as in Amphioxus (88), in the endostyle of the 
lamprey larva (89), in the thyroid of the parrot 
fish (90) , and in the thyroids of 10 mm. tadpoles 
(91) and 18-day-old rat embryos (92). 

Leblond and Gross have studied the effects of 
low-iodine diet and hypophysectomy in rats in 
this manner (36). Whereas the autographs of 
rats previously maintained on 2.0 /xg. of iodine per 
day showed the major concentration of radioactiv- 


ity in the colloid of thyroid glands removed as 
early as two minutes after the injection of 
those of rats which had been maintained on a 20.0 
/tg. per day iodine intake, showed the radioactivity 
chiefly within the follicular cells one hour after in- 
jection, but almost entirely in the colloid 24 hours 
after injection. In hypophysectomized animals, 
however, despite a low iodine intake, the radio- 
activity was largely in the follicular cells as late as 
24 hours after the was given. Thus, these 
three groups showed three distinct rates at which 
the processes of binding and storage were proceed- 
ing. It would seem likely from the photographs 
reproduced that the iodination of protein took 
place in the follicular cells, after which it was ex- 
truded into the lumina of the acini. 

It should be remembered in interpreting these 
autographs that iodide ion and any dialyzable io- 
dine compounds, would be washed out in the fix- 
ing and processing of the tissue sections as gener- 
ally practiced (93), and only radioactive iodine 
compounds in proteins, or attached to proteins, 
would be influencing the autograph obtained. In 
this regard, the failure to obtain autographs from 
thiouracil-treated rats (94) could be a case in 
point ; this occurred despite a considerable uptake 
of inorganic radioactive iodine by the glands. 

Leblond and Gross (36) also point out that 
their autographs indicate that all thyroid cells 
are active at all times and that all the cells in 
any one follicle are functioning to the same de- 
gree, although there may be different degrees of 
activities in different follicles. In general, the 
center of the rat thyroid gland appears to be more 
active than the periphery, and the authors have also 
noted a correlation between activity estimations by 
the radioautographic technic and those based on 
staining reactions. 

It has always been somewhat difficult to picture 
the mechanics by which thyroglobulin is secreted 
into the colloid by the thyroid cell, and then later 
resorbed and secreted into the blood stream. By 
an interesting analogy, Leblond and Gross help 
to make this process seem more reasonable: “It 
may be helpful for the understanding of the fol- 
licle function to remember its entodermal origin 
and to venture a comparison with the intestinal 
epithelium, which secretes protein (enzymes) 
into the lumen in a direction consistent with the 
histological polarity of its cells, and at the same 



UADIOIODINE IN STUDIES OF THYROID GLAND 


1355 


time resorbs from the lumen smaller molecules 

resulting from digestion (amino acids ). 

Similarly, the thyroid epithelium secretes a protein 
(thyroglobulin) into the follicle lumen and at the 
same time resorbs smaller molecules, probably 
thyroxine itself” (36). 

The function of human thyroid nodules has 
also been studied by radioautographs (95-97), at 
times with concomitant chemical and histological 
studies, as well as quantitative radioactivity meas- 
urements (98, 99 ) . In the maj ority of the reported 
cases, the nodules have been considerably less ac- 
tive than the surrounding thyroid tissue, even in 
patients with clinical thyrotoxicosis. 

Hormone secretion 

That the essential molecule of thyroid hormone 
is thyroxine has been well established since the 
pioneering work of Kendall (100) and of Haring- 
ton (44). Injected in pure crystalline form, it 
produces metabolic effects which no other known 
substance can, in comparable amounts, effect. But 
granting that thyroxine is an essential constituent 
of the thyroid hormone, some workers have be- 
lieved that the hormone was a peptide or polypep- 
tide containing this essential compound. Haring- 
ton, by 1944, (101) was satisfied that the peptide 
concept was no longer necessary. The concept of 
thyroxine as the hormone per sc has received fur- 
ther support from the work of Taurog and Chai- 
koff (102), who showed that almost all the organic 
iodine in plasma behaves like thyroxine in that 
it: (i) precipitates with the protein, (2) from 
which it cannot be dialyzed, (J) but from which it 
is readily extracted with butyl alcohol, (4) in 
which it remains after extraction with 4N NaOH 
— 5 per cent Na^COa. In addition, when a rat has 
labelled its plasma organic iodine from a previous 
injection of I^®^, the radioactivity follows added 
thyroxine carrier. The carrier thyroxine may be 
recrystalHzed to constant specific activity, and the 
radioactive portion resembles thyroxine in its 
distribution between two immiscible solvents. 

Separations of plasma protein fractions have in- 
dicated that the largest portion of the protein- 
bound iodine is carried by albumin, while the high- 
est concentration is in the alpha-globulin fraction, 
and the lowest in the gamma globulin (102, 103). 

If we accept th)Toxine as the thyroid hormone, 
however, a paradox results from the repeated ob- 


servations that the effectiveness of fed thyroid ex- 
tract is greater than can be accounted for by its 
thyroxine content. This conclusion has been 
reached by experimenters using a variety of cri- 
teria for evaluating the hormonal activity, includ- 
ing the effect on the metabolic rate (104), the 
suppression of pituitary thyrotropin secretion 
(105), and the influence on metamorphosis of 
amphibia (106). 

“Proteolytic ensymeP How does thyroxine, 
which is present in the colloid of the thyroid gland 
as part of the thyroglobulin molecule, reach the 
blood as free thyroxine? De Robertis (107) has 
removed colloid from the follicle lumen by micro- 
dissection and tested its proteolytic activity on the 
protein edestin. Proteolysis occurred with an opti- 
mal yield at about pH 4, suggesting a cathepsin as 
the active enzyme in the experiment. The ubiquity 
and non-specificity of this type of enzyme, how- 
ever, makes it a somewhat unsatisfying answer to 
the problem. It is, nonetheless, of considerable in- 
terest that pretreatment of the animal with thyro- 
tropin increased the proteolytic activity and that 
prolonged iodine treatment, and hypophysectomy 
(108), decreased it. In addition, the enzyme con- 
tent was found to be elevated in glands from thyro- 
toxic patients. One wishes that in this work the 
results of proteolysis without added protein had 
been presented, since surely there must have been 
present a sufficient quantity of protein in the form 
of the natural substrate in the colloid itself. 

Protein-boimd iodine of the plasma. Taurog 
and Chaikoff (102) , as a result of their finding that 
the protein-bound iodine is chiefly in the form of 
thyroxine, have concluded that the thyroid prefer- 
entially secretes thyroxine, and that “only a small 
fraction of the gland’s iodine leaves the gland as 
diiodotyrosine,” although perhaps two-thirds of the 
organic iodine of the thyroid is in the latter form. 
This assumption is perhaps unnecessar)% however, 
since it has been found repeatedly that diiodoty- 
rosine is rapidly destroyed in the body. Thus, 
Leblond and Sue (4) discovered that 30 minutes 
after the injection of 10 mg. of radioactive diiodo- 
tyrosine into rats, 97.5 per cent of the radioactivity 
in the blood was in the form of iodide ion. No 
comparable rate of destruction of thyroxine has 
been demonstrated. 

In this regard, it is interesting to note, too, that 
soon after a dose of radioactive iodide is given. 
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when the radioactivity first appears in the protein- 
bound iodine, it is predominantly in the diiodo- 
tyrosine-like fraction; later, it is chiefly in the 
thyroxine-like component (50), 

Factors influencing the rate of hormone formation 
and discharge 

The rate, for a given plasma iodide level, at 
which thyroid hormone is formed and discharged 
is a function of the general level of activity of the 
gland, as is the iodide-concentrating power. That 
these processes may go on independently of each 
other is neatly demonstrated when, in the presence 
of an antithyroid drug, the power to concentrate 
iodide and discharge hormone is retained while 
hormone formation is prevented, while with thio- 
cyanate, hormone formation and discharge can 
occur, although the iodide-concentrating power has 
been lost. Hypophysectomy greatly depresses all 
three processes, whereas thyrotropin raises the 
general level of activity of the gland. Thus, begin- 
ning eight hours after the injection of thyrotropin 
in man, a striking increase in the thyroid/serum 
iodide ratio occurs, as demonstrated by simultane- 



Fig. 3. Three Successive Tracer Studies with 
Radioiodine in a Normal Human Subject Who Had 
Taken 5 Grains of Thyroid Daily for Several 
Months 

A single injection of IS mg. of thyrotropin was given 
4% hours before the first dose of radioiodine; its effect 
was noticeable toward the end of the first day and was 
maximal during the first four hours of the second day; 
the thyroid had returned to its suppressed state by the 
fourth day (redrawn from Stanley and Astwood [109]). 



Fig. 4. Influence of Thyrotropic Hormone on the 
Rate of Discharge of Organically Bound Radio- 
iodine BY the Chick Thyroid 


(From Keating, Rawson, Peacock, and Evans [110]). 

ous measurements of radioactivity in the anti- 
thyroid-blocked gland and the serum (109). The 
rate at which radioactive iodine is incorporated 
into thyroid organic iodine is markedly hastened 
by thyrotropin (4, 50) (Figure 3), as is the rate 
at which radioactivity appears in the protein- 
bound iodine (50). It is well known that injec- 
tions of thyrotropin rapidly deplete the organic 
iodine content of the thyroid of animals, indicating 
that, under the conditions of the experiments, at 
least, the rate of iodine binding does not initially 
keep up with the rapid rate of discharge. Using 
radioiodine, Keating, Rawson, Peacock, and Evans 
(110) found that thyrotropin accelerated the loss 
of protein-bound iodine from the thyroid gland 
(Figure 4). Other changes after thyrotropin, 
such as the liquefaction of the colloid and the re- 
duction in colloid in the follicles, are consistent 
with the concept of increased proteolytic activity. 

Many other factors undoubtedly influence the 
level of activity of the gland, including the dietary 
iodine intake and environmental temperature. 
Leblond et al, (51) found that rats exposed to 
an environment at 0° C. have a higher radioiodine 
uptake than rats at 22° to 26° C. (control T°), 
and by the goiter-prevention method (111), it 
can be shown that a greater amount of adminis- 
tered thyroxine is required in a cold, than in a 
warm environment. 
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The jafe of thyroxine in the body 

When radioactive thyroxine, labelled in the 3',5' 
positions, is injected into rabbits, very little is 
found in the thyroid, or in the foetus of a preg- 
nant animal, but a considerable amount rapidly 
appears in the urine, and the iodine content in the 
bile is 50 times as great as after an equal amount 
of iodine as iodide ion (112). df-Thyroxine, 
labelled as in the preceding experiment, has been 
injected into rats and its distribution at two and 
24 hours studied in more than 40 organs and tis- 
sues (113). When the dose was 0.8 mg., ap- 
proximately 25 per cent of the administered 
thyroxine was destroyed in two hours and 50 
per cent in 24 hours, by which time 80 to 95 per 
cent of the iodine content had been eliminated 
from the body. The major route of elimination 
was via the liver and bile, and within 24 hours, 
80 per cent of the injected dose was recovered 
in the feces, to a large extent as thyroxine. A 
part of this thyroxine came from direct excre- 
tion by the gastrointestinal mucosa. About 11 
per cent of the iodine was recovered in the urine 
after this interval as inorganic iodine, while the 
organic iodine content of the urine was very 
small. Within two hours of the injection, 50 per 
cent was found in the gastrointestinal tract (in- 
cluding liver and pancreas), and not more than 
2 per cent could -be recovered in the entire cir- 
culating plasma volume. 

These results on the fate of thyroxine in the 
body apply to large, unphysiological amounts, and 
much less is known about the normal course of 
events. After thyroidectomy in rats, it takes 
three days for the protein-bound iodine to fall to 
one-third of its initial level (114), suggesting a 
much slower rate of loss of thyroxine at physio- 
logical levels. However, in an experiment in 
which rat plasma containing labelled protein- 
bound iodine was injected intravenously into 
dogs, it rvas calculated that the protein-bound 
iodine was completely replaced every four to 
seven and one-half hours (115). 

Radioiodine in clinical investigation and diagnosis 

Investigations on animals have been facilitated 
by the use of radioiodine and many studies which 
could be done with ordinary iodine were rendered 


much less laborious with tracer technics. In 
clinical studies, however, tracer methods have 
made it possible to carry out investigations on 
thyroid function of a kind which was not possible 
by other methods. Several different technics have 
been evolved to estimate the rate of iodine utili- 
zation by the thyroid gland, and these have aided 
in the diagnosis of myxedema and h 3 rperthy- 
roidism, and have furthered the study of simple 
goiter. These methods have also been applied to 
the study of factors which influence thyroid func- 
tion in man such as antithyroid compounds, thio- 
cyanate ion, iodide ion, thyroid administration, 
thyrotropin, and the ingestion of certain foods. 

The urinary excretion of a tracer dose has been 
used as an indirect measure of thyroid activity 
by making use of the fact that a proportion of 
the tracer dose which does not appear in the 
urine is retained in the thyroid gland. Hamilton 
and Soley (12), and later Hertz, Roberts, and 
Salter (13), showed that the urinary excretion 
of radioiodine had diagnostic value. Rawson 
et al. (116) have shown, by this method, that 
thiouracil treatment pennitted the excretion of the 
major portion of a tracer dose in the urine, while 
thyrotoxic patients and one patient with a large 
hyperplastic non-toxic goiter excreted less than 
one quarter of the administered radioiodine dur- 
ing 48 hours. Measurements on urinary excre- 
tion have also proved useful in determining the 
amount retained when large doses of radioiodine 
are used in the investigation and treatment of 
thyroid tumors (117-119) and in the treatment 
of hyperthyroidism with radioiodine (120, 121), 

Despite the difficulties involved, several ob- 
servers have found the urinary excretion method 
of considerable value in the diagnosis of hyper- 
and hypothyroidism. Skanse (122) measured the 
amount of radioiodine excreted in the urine dur- 
ing the 48 hours after the administration of 100 
ftg. of iodide labelled with P®* and found that 
hyperthyroid patients uniformly excreted less 
than normal individuals. Oshiy' and Schmidt 
(123) measured the total quantity of radioiodine 
excreted during the first 24 hours after a tracer 
dose. The values abserved are shown in Table I. 

A detailed study of the rate of urinary excre- 
tion of radioiodine by Keating, Power, Berkson, 
and Haines (124) has permitted an accurate in- 
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TABLE I 



Skanse (122) 

Oshry and Schmidt 
(123) 

No. of 
cases 

Range of 
radioiodine 
excretion 

48 Jjours 

No. of 
cases 

Range of 
radioiodine 
excretion 

24 hours 

Normal 

15 

52.7 to 84.1 

23 

42 to 80 

Myxedema 

6 

72.4 to 91.7 

10 

48 to 93 

Hyperthyroid 

25 

'6.2 to 32.3 

34 

5 to 43 


terpretation of the findings obtained by this 
method; they have shown that, as the blood is 
cleared of radioiodine by its excretion in the urine 
and its incorporation into the thyroid gland, the 
quantity excreted ,in the urine progressively de- 
clines. Consequently, from the quantities ex- 
creted in the urine, measured at frequent inter- 
vals, the rate of disappearance of radioiodine from 
the blood can be calculated. 

Keating et al. made use of the expression, 

Q = Qf(l - e--0, 

where Q is the fraction of the tracer dose excreted in the 
urine in time t; Qt the total quantity to be excreted; 
and r, a constant defining the rate of disappearance of 
radioiodine from the blood. The disappearance rate, r, 
was computed, then, from the formula, 

, log (Qf - Q) 

t log e ' 

or as the slope of the straight line plot of log (Qt — Q) 
against t. As Qi is the fraction to appear in the urine, 
1 — Qt would be the fraction retained in the body. 
Therefore, the urinary excretion rate becomes: 

QtXr 

and the rate of disappearance elsewhere, the “collection 
rate” is: 

(1 - Qf) X r. 

This last expression is an index of the rate of incorpora- 
tion of the tracer dose into the thyroid gland (Figure 5). 

The validity of these concepts was established by simi- 
lar calculations made by estimating the blood disap- 
pearance rate on the basis of actual measurements on 
blood samples, and by calculations using measurements 
of the accumulation of radioiodine by the thyroid gland. 
It was even possible to use the decreasing radioactivity 
of the thigh as a measure of the disappearance rate. 

In individuals with thyrotoxicosis the disappearance 
rate may be extremely rapid and these calculations then 
do not so nicely follow mathematical prediction. Pre- 
sumably, at least two additional factors complicate the 
picture here: (1) The thyroid collection rate is not 
uniform because it is the resultant of two rates, the rate 
of establishment of iodide ion equilibrium and the rate 


of organic binding, and (2) the significant rate of excre- 
tion of iodine-containing compounds by the thyroid gland. 

A certain proportion of the radioiodine which 
fails to appear in the urine cannot be accounted 
for by the amount which is measured in the 
thjToid gland. In earlier experiments this “un- 
accounted for” fraction was very large (13), due 
probably to technical difficulties of measurement. 
Even with refined technics, however, some 10 to 
20 per cent of the dose is not accounted for (125). 
It would be expected that a certain small fraction 
of the administered dose would be contained in 
the intestinal tract, and some of this might be lost 
in the stools. It is possible that a small frac- 
tion would be excreted by the sweat glands. The 
observations of Keating ct a!. (124) cited above 
show that when the turnover of iodine by the 
thyroid is very rapid, a slow excretion of radio- 
iodine continues for some days after the tracer 
dose is given. Consequently, another fraction 
of the “unaccounted for” radioiodine could be 
that which has been secreted by the thyroid in the 
form of thyroxine and temporarily stored in 
body tissue. Direct measurements on the quan- 
tity of radioiodine in the thyroid gland are prob- 
ably more accurate than estimates based on 
urinary excretion and are far simpler to carry out. 

Direct measurements of the collection of iodine 
by the thyroid gland, using appropriate apparatus, 
is a more convenient and more versatile method 
for thyroid studies in man. Methods and detect- 
ing devices are constantly being improved, but 
as yet strictly precise, absolute measurements are 
not possible. However, for most purposes any 
one of several currently used technics is satis- 
factory (125-128), and the method of choice de- 
pends upon the nature of the study. When it is 
desired to determine only the total quantity of 
radioiodine accumulated, a single measurement 
at 24 to 48 hours after the tracer dose is suf- 
ficient; when more detailed information is de- 
sired, measurements can be made at frequent 
intervals. During the early minutes or hours 
after a tracer dose is given, the radioiodine is 
distributed throughout the body and provides a 
diffuse radiation which complicates the measure- 
ments on the thyroid gland. The greater the 
distance between the detector and the gland, the 
greater is the difficulty of shielding off the radia- 
tion from the rest of the body. When this error 



RADIOIODINE IN STUDIES OR THYROID GLAND 


1359 


is minimized by placing the detector as close to 
the thyroid as possible, errors due to position- 
ing and to size, location, and shape of the thyroid 
gland become maximal. These considerations 
imply that when absolute values are desired, 
measurements must be made at a distance and 
preferably at a time when the body in general con- 
tains little radioiodine. When the observation of 
rapid changes, occurring soon after the tracer is 
given, is more important than information on the 
number of microcuries in the gland, it may be nec- 
essary to sacrifice the added accuracy of distance 
in favor of the simpler shielding problem of closer 
placement. 

Curves depicting the collection of radioiodine 
by the thyroid gland resemble those obtained by 
Keating et al. (124) for cumulative urinary ex- 
cretion. The course of uptake is apparently com- 
plex, and no simple mathematical expression is 



Fig. 5. Determination of Rate of Disappearance 
OF Radioiodine from the Blood (r) by Analysis of 
the Renal Excretion Curve 

(From Keating, Power, Bcrkson, and Haines [124)). 



Fig. 6. The Course of Radioiodine Accumulation 
IN THE Thyroid Glands of Three Normal and Two 
Thyrotoxic Individuals 

The figure on the right illustrates the approximately 
linear relationship when the abscissa is a square root 
scale. 

applicable to all individuals. The formulation of 
Keating et al. provides an approximate descrip- 
tion of the pattern seen in most normal persons. 
In other normal persons and in many abnormal 
individuals the relationship fails to hold. Another 
approximation (65) which describes the curve of 
collection during the first part of its length is the 
simple relationship 

Q = gVt, 

where Q is the quantity of radioiodine in the thy- 
roid gland at time T ; and G is a rate constant 
which serves as an index of the rate of uptake. 
This expression describes the course of uptake 
quite accurately in normal persons for the first 
eight or ten hours after the tracer is given. In 
hyperthyroidism and in certain instances of goiter, 
when the collection is rapid, deviation from the 
parabolic curve occurs sooner, and in some in- 
stances the curve of uptake hears little resem- 
blance to a parabola. On the other hand, when 
the rate of collection is slow, the curve of uptake 
follows the parabolic cun'e quite closely for as 
long as 24 hours (Figure 6), 

This method of expressing the rate of accumu- 
lation suffers the disadvantages of: (/) Incom- 
plete description of the whole process, (2) marked 
and early deviations in certain cases, and, (J) 
obscure mathematical significance. It has the 
advantage, however, of providing a measurement 
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of rate within an hour or two of the beginning of 
the tracer study, and it is the only satisfactory 
method thus far, devised which makes it possible 
to define the accumulation rate early enough to 
allow studies on extraneous factors which induce 
rapid changes in the rate of accumulation. 

The rate as determined in this way is not 
proportional to the total accumulation and is less 
suitable than the latter as a diagnostic method for 
hyperthyroidism. Either method is suitable when 
the diagnosis of myxedema is in question. 
Neither of these methods is entirely reliable for 
diagnosis, however, as the range of variation in 
normal individuals overlaps at either end with 
myxedema and thyrotoxicosis. Erroneously low 
accumulation' rates and low total uptakes follow 
iodine or thyroid medication, the administration 
of compounds used for cholecystography, and 
the installation of iodized oils into the lungs, 
subarachnoid space, or other body cavities. 
Rapid rates and large total uptakes within the 
hyperthyroid range are sometimes seen in ap- 
parently normal persons and in some instances of 
non-toxic goiter. Despite these limitations, the 
two methods are valuable and frequently provide 
strong evidence for or against a diagnosis of 
myxedema or hyperthyroidism. 

Werner, Quimby, and Schmidt (129) have ex- 
tensively investigated the total collection of iodine 
by the thyroid by direct measurements 24 hours 
after the tracer dose. The data are shown in 
Table II from which it may be seen that little 


overlap between the normal values and those of 
hyperthyroids was encountered. 

Iodide ion. Radioiodine, used in conjunction 
with antithyroid compounds, has made it possible 
to study the iodide ion concentration by the 
thyroid gland in human beings and the effects 
thereon of thiocyanate (29). In man, thyroid 
hyperplasia, as seen in hyperthyroidism and in 
certain non-toxic goiters of recent development, 
is associated with a greatly increased capacity of 
the gland to hold iodide ion and quantitative 
measurements of this phenomenon have diag- 
nostic value. Potassium thiocyanate given orally 
in doses of about 1 gram greatly interferes with 
the ion-concentrating mechanism and virtually 
all present in the gland in ionic form is lost 
within an hour. 

The organic binding of iodine by the thyroid 
can be completely or very nearly completely in- 
hibited by the administration of effective doses 
of an antithyroid compound. Mercaptoimidazole 
has been used for this purpose because of its high 
activity in man and its prolonged action, and 
more recently l-methyl-2-mercaptoimidazole has 
proved to be convenient because of the small size 
of the doses that need be given (130). When 
radioiodine is administered after the thyroid is 
fully under the influence of such compounds, it 
serves to label the iodide ion of the body fluids 
and the thyroid gland. As far as one can tell, 
this iodide ion does not enter into any chemical 
reaction in the body and interpretations are, there- 


TABLE 11 * 


Radioiodine 
accumulation 
in 24 hours 

Normal 

subjects 

Hyperthy- 

roidism 

Nontoxic 

goiter 

Malignant 

exoph- 

thalmos 

Eosino- 

phile 

adenoma 

Chromo- 

phobe 

adenoma 

Addison’s 

disease 

Cushing's 

syndrome 

Obesity 

Anorexia 

nervosa 


per cent 











H 

50- 

0 

57 

0 

3 

0 

0 

0 

0 

0 


I 

40-49 

2 

29 

2 

1 

2 

0 

0 

0 

0 


G 

35-39 

4 

5 

2 

0 

1 

0 

0 

0 

0 

1 

H 
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N 




mmn 
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30-34 

8 
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0 

1 

0 

1 
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1 

M 1 

20-29 

24 
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3 

2 

1 

1 
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1 

A 1 

10-19 

18 1 
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1 

4 

5 

3 

1 

1 

3 
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0 

0-9 

1 

0 

1 

0 

0 

3 

0 

1 

1 

0 
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i 

1 

1 

1 




♦ Compiled from data of Werner, Quimby, and Schmidt (129). 
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fore, greatly simplified. Within an hour or two 
after the tracer dose is given, the radioiodine 
seems to have distributed itself throughout the 
body’s iodide and this state of equilibrium is 
maintained for as long as detectable quantities of 
radioiodine remain in the body. The ion is lost 
from the body almost exclusively through the 
urine, and, as a certain fraction of what remains 
is lost during each succeeding interval of time, the 
rate of loss is an exponential function. Thus, if 
one plots the log of the blood concentration 
against elapsed time, a straight line results. Now, 
as mentioned above, the thyroid gland can 
steadily maintain a concentration gradient of 
iodide ion, and equilibrium conditions here are 
also quickly established. It follows, therefore, 
that the maximal thyroid content of radioiodide 
is to be observed within an hour or two of the 
tracer dose ; thereafter the radioiodide in the 
thyroid gland declines slowly in a regular loga- 
rithmic fashion and becomes undetectable in two 
to four days. Calculations can be made in man 
of the thyroid/blood iodide ratio, and, while 
these are subject to considerable error from pa- 
tient to patient, the calculated ratio remains re- 
markably constant throughout the course of a 


tracer study on any individual. The decline in 
the thyroid radioiodide parallels closely the de- 
cline in blood radioiodine concentration, so that 
the ratio remains the same for as long as it can 
be measured, provided, of course, that sufficient 
antithyroid compound be given to prevent any 
change in the chemical state of the iodine. 

In the diagnosis of hyperthyroidism, tracer 
studies of the thyroid iodide content have proved 
to be more reliable than measurements of the 
total iodine uptake. There is a greater difference 
between the hyperthyroid gland and the normal 
gland, and, with the exception of certain hyper- 
plastic non-toxic goiters, there appears to be no 
overlap of the ranges of normal and hyperthyroid 
persons. Furthermore, as might have been pre- 
dicted from the animal experiments cited above, 
extraneous ordinary iodide has much less in- 
fluence on the iodide-concentrating mechanism, 
and doses of potassium iodide up to 10 mg. or 
more can be given without altering the thyroid 
radioiodide. The large collection of iodide ion 
exhibited by the thyroid in hyperthyroidism and 
by certain non-toxic goiters can be reproduced 
in normal individuals by the injection of a single, 
large dose of thyrotropin (109). 



Fig. 7 

In the presence of a large carrier dose, the cur>-e of radioiodine uptake and discharge 
represents largely iodide ion. Thus, the radioactivity- in the thyToid may be discharged 
with thiocyanate (doffed line graph). The carrier doses in tlie above cases are in the 
range which inhibit organic binding, but arc well below the amount required to depress 
the thyroid/scrum iodide ratio. 
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If further stud}’- confirms the finding that a 
sudden increase in blood iodide inhibits the or- 
ganic binding of iodine, another and perhaps bet- 
ter method will be provided for measuring the 
thyroid iodide for diagnostic purposes. In this 
instance an appropriate dose of carrier iodine 
would replace the antithyroid compound. For 
some hours after the administration of 10 mg. or 
more of labelled potassium iodide, the quantity of 
radioiodine fixed in the thyroid is very small. 
However, within an hour or two of such a dose 
there is a maximal accumulation of iodine which 
presumably is free iodide ion, as it is readily dis- 
charged by a dose of potassium thiocyanate 
(Figure 7). The quantity of iodide accumulated 
under these conditions is independent of the dose 
of carrier iodide within wide limits. One could, 
therefore, use a constant dose of carrier with the 
diagnostic radioiodine in a quantity large enough 
to reduce the proportion that will be organically 
bound to a very small value and yet not so large 
as to impose a limit to the concentrating mecha- 
nism. Measurements need only to be made until 
the early maximum is reached, a period of one to 
three hours. This technic would be essentially 
that which Hamilton and Soley. used in their first 
experiments in 1940 (126). The method would 
have the advantage of simplicity and the time 
required to carry out the test would be reduced 
to a minimum. One might anticipate that, though 
a small fraction of the iodide would be bound, 
this would be so small in comparison to the quan- 
tity concentrated as iodide that it would not 
seriously interfere with the test. 

Antithyroid compounds can readily be studied 
in normal human beings by making use of the 
Q = G-VT relationship (65). Frequent determi- 
nations over one to two hours following the oral 
administration of a tracer dose permits one to cal- 
culate the value of G and to plot the course of up- 
take with some assurance. A test dose of com- 
pound is then given and a significant deviation 
from the predicted course of events can with 
reasonable certainty be ascribed to the antithyroid 
compound. This method has given useful infor- 
mation on the relative antithyroid activities of 
several compounds and has led to the development 
of agents which are many times more effective in 
man than is thiouracil. Some information can be 


gained, in this way, on the duration of action as 
well as on the minimal effective dose. 

Foods of possible or potential influence on 
thyroid function have also been tested in this 
way (131). The technic used was the same as 
that described above, except that a full meal of 
a single food was given instead of a dose of anti- 
thyroid compound. A number of foods, especially 
vegetables, were found to have slight effects on 
the rate of radioiodine collection by the thyroid 
gland, and some, such as turnips, were strongly 
inhibitory. These studies led to the isolation and 
characterization of an active antithyroid com- 
pound in turnip, a substance which was found to 
be widely distributed among the plants of the 
brassica genus (132). 

Thyroid administration has been observed to 
have no significant effect upon the accumulation 
of radioiodine by the thyroid gland during the 
first ten hours following a single dose, A large 
dose was found to be definitely inhibitory by 24 
hours (133), however, and prolonged treatment 
in normal individuals virtually abolished the up- 
take of radioiodine (109, 129). 

Thyrotropin was likewise without detectable ef- 
fect until some eight to 14 hours had elapsed 
after a single injection. Then a marked increase 
in the rate of uptake was noted and this lasted for 
several days (Figure 3). The negligible uptake 
resulting from prolonged administration of thy- 
roid could be restored to normal by an injection 
of thyrotropin (109). 

Means (134), writing in 1948, has stated, in 
reference to the use of radioactive iodine in the 
field of research, that he had “at the time of its 
introduction, predicted that its usefulness in this 
field would be greater than in that of therapeutics. 
Now, after an elapse of ten years, it can be said 
that the usefulness of radioactive iodine in thy- 
roid research has been firmly established.” 
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A REVIEW 
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HISTORICAL 

The discovery of radioactive isotopes of iodine 
by Fermi (1) in 1934 was followed in 1938 by the 
use of these tagged atoms in studies of the physi- 
ology of the thyroid in human and other animals 
(2, 3). The selective deposition of radioiodine in 
the thyroid and the known effectiveness of radia- 
tion therapy in selected patients with Graves’ dis- 
ease soon led to the use of two radioactive isotopes 
of iodine in the treatment of thyrotoxicosis; 
with a half-life of 12.6 hours and I^^^ with a half- 
life of eight days. Hertz and Roberts (4) first used 
this method of therapy in the spring of 1941 . Ham- 
ilton and Lawrence (5) treated their first patients 
in the fall of 1941 and Chapman and Evans (6) 
took over the work of Hertz and Roberts (7) in 
1943. The earliest reports to allow an even tenta- 
tive appraisal of radioiodine therapy were pub- 
lished by the latter groups of authors in 1946 (6, 
7). In 1948, Soley and Miller (8, 9), published 
their experiences and later in the same year two 
other groups recorded their results (Haines, Keat- 
ing, Power, Williams and Kelsey [10] ; Werner, 
Quimby and Schmidt [11, 12, 13]). Prinzmetal 
and his co workers (14, 15) and Crile (16) con- 
tributed their material in 1949. 

PERSONNEL 

Radioiodine as a therapeutic agent in Graves’ 
disease is still in the experimental stage and much 
remains to be learned about its clinical use, its im- 
mediate biological effects, and its long-time effects, 
both upon the thyroid and upon the patient as a 
whole. Certain skilled personnel are essential to 
any program dealing with radioiodine since it is 
a form of radiation therapy. Such a program may 
be divided into three general phases : radiological, 
physical and clinical. There can be no doubt but 
that the very important problems of radiation 
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dosimetry and biological effects of ionizing radi- 
ations should be handled by a radiologist. The 
technical problems relating to the physical meas- 
urements of radiation, to the maintenance and op- 
eration of electronic equipment, and monitoring of 
the laboratory areas are most capably handled by 
a physicist. As is always true in medicine, it is 
important to render care to the patient as a whole. 
In prescribing a relatively new and powerful rem- 
edy, the clinician must make frequent and careful 
appraisals during the course of treatment and in 
the long term follow-up of treated patients. 

RADIATION EFFECTS OF 

Although no serious toxic effects have been ob- 
served as yet in patients receiving therapeu- 
tically, thyroidal and extfathyroidal changes have 
been found in experimental animals. 

Gorbman (17) gave young mice 3-55 me. per 
kg. of to study the effects on the thyroid and 
adjacent tissue. Within the first day the striking 
effect was periglandular edema with infiltration 
by lymphocytes, polymorphonuclear and mast cells. 
Changes in cells of tracheal epithelium were com- 
mon. At the end of two days with large doses (53 
me. per kg.) the thyroid was an eosinophilic mass 
with recognizable follicles only in the peripheral 
parts of the gland. After three days destruction 
of the thyroid was complete when 50 me. per kg. 
were administered and minimal with the lowest 
dosage. Comparable changes were noted in para- 
thyroids. Over 20 me. per kg. caused histologic 
damage to the recurrent larjmgeal nen^es. At 
the end of 24 da 3 's as little as 3-5 me, per kg. 
caused extensive destruction of the thyroid; 18- 
22 me. produced complete thyroid destruction. 
After an interv'al of 120 days, the thyroid was only 
a shrunken fibrous band, except in those animals 
who had received the smallest amounts of I“h 

The Universitj' of California investigators (8, 
9) found extensive but not complete thyroid 
destruction by the 30th to 40th days in rabbits 
from the effects of 300 gc. per kg. with approxi- 
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mately a 50% decrease in size of the thyroid 
glands. The thyroid of one dog sacrificed one 
hundred days after a similar dose showed fibrosis 
of vessels as well as the glandular tissue. No other 
tissues of any of these animals showed changes 
except the renal tubules of one of the rabbits. 

Findlay and LeBlond (18) gave 60-80 /^c. of 
to rats previously fed low iodine diets and 
found less marked histologic changes than those 
reported by Gorbman in his mice treated with 3 
me. per kg. These findings are consistent with 
the low dosage used. 

If a direct comparison could be made between 
results in animals and in man, from 210 to 3,500 
me. would be required to produce total thyroid 
and parathyroid destruction in an average adult 
of 70 kg., or from ten to 175 times the usual maxi- 
mum dose used in the treatment of Graves’ disease. 
This safety factor is far greater than is usual with 
most therapeutic agents. 


CALCULATION OF DOSAGE 

The subject of isotope dosimetry has been well cov- 
ered by Marinelli (19), Quimby (20), and Marinelli, 
Quimby and Hine (21), the details of which are beyond 
the scope of this paper. It is of importance, however, 
to have some concept of the amount of radiation ad- 
ministered during the course of I”* therapy. Only then 
can conclusions be drawn as to the effectiveness of the 
method and comparisons between groups of patients be 
made. 

I”' gives off two kinds of radiation, beta particles with 
maximum energy of 0.6 MEV (million electron volts) 
and gamma rays with energies of 0.37 and 0.08 MEV. 
Beta particles have a maximum range of approximately 
2.5 mm. in tissue and most of their energy is thus 
expended within the thyroid. Gamma rays are more 
penetrating and produce but little radiation effect within 
the thyroid gland. 

It is both simple and convenient to accept the following 
formula for the calculation of equivalent roentgens de- 
livered to the thyroid by 1“’ (beta and gamma). 


Dose e . r = 


/iC. administered X uptake % 


grams of thyroid 


X 


Biol. H.L. 
8 


X 160 (15) 


The dosage depends, then, upon the concentration of 
radioiodine within the thyroid, upon the half-life of the 
isotope, and upon the rate at which the radioiodine leaves 
the thyroid (the biological half-life). The figure “160" 
represents the approximate no. of equivalent roentgens 
produced when 1 Mc. of T” undergoes total decay. The 
calculation of tissue dosage assumes that the distribution 
of the isotope within the thyroid is uniform (even though 
this is not always the case) and that each retained iodine 


atom decays completely. Tlic calculation of radiation 
dosage in this relatively easy way is of practical value 
even tijough it may lack absolute precision. 

TECHNIQUE OF TREATMENT 

P" is administered orally. Single doses have ranged 
from 1.0 to 20.0 me. with good tiicrapcutic results with 
2.0 to 12.0 me. It is obvious that the amount of radio- 
iodine taken up by tlic thyroid rather than the size of the 
oral dose is tiie important factor in determining the 
amount of radiation to tlic thyroid. Therefore, most 
workers have attempted to estimate the weight of the 
goiter, have measured the uptake of radioiodine by the 
thyroid gland and tlicn have analyzed the therapeutic 
results in terms of the number of microcurics of radio- 
active iodine per gram of thyroid tissue. Haines and his 
coworkers (10) have devised a simple formula for the 
calculation of a desired dose: 

Microcuries desired per gram of tissue 

X Estimated weight of diyroid in grams X 100 

per cent of I”' tracer collected by thyroid 

This gives the total desired dose in microcuries. 

The dose per gram of thyroid in the 83% of pa- 
tients who have had good therapeutic results has been 
from 23.0 to S74.0 pc. Werner, Quimby and Schmidt 
(11) state that doses of 100 pc. per gram or more are 
generally adequate, since 24 of 27 patients returned to 
normal with a single dose of this size. However, no 
absolute rules can be made and the problem of dosage 
must ultimately fall upon sound clinical judgment rather 
than upon simplified formulations. 

SELECTION OF PATIENTS 

Probably because of the relatively short period 
of experience with radioiodine for therapeutic use 
the common denominator in the selection of pa- 
tients seems to be the unquestioned diagnosis of 
toxic goiter. The Massachusetts General Hos- 
pital group prefer to limit thfeir patients to those 
over 45 years of age since the possibility of late 
neoplastic change becomes more important in 
young patients. 

Haines, Keating and coworkers (10) decided 
“to give therapeutic doses of radioiodine only to 
those persons for whom the risk and difficulties 
of other methods of treatment appeared to us 
(them) to be excessive” and included in their 
series patients with serious heart disease or other 
complications which added considerably to the 
surgical risk, and patients who had recurrent 
exophthalmic goiter, especially if the latter had had 
multiple resections of the thyroid and unilateral 
paralysis of a vocal cord or if extremely small 
amounts of thyroid gland remained. Their pa- 
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tients represent therefore ones whose disease had 
proved resistant to other forms of therapy. 

Werner, Quimby and Schmidt (13) have se- 
lected patients as young as 18 years of age and 
have included in somewhat less than half of their 
series patients with hyperthyroidism, recurrent 
post-operatively, who had been treated with anti- 
thyroid drugs for some time without satisfactory 
relief. All but one of their patients had toxic dif- 
fuse goiter and none had true hyperophthalmic 
goiter. 

Crile (16) has followed 22 of his SO patients 
long enough to report results of radioiodine ther- 
apy. Of these 22, ten had toxic nodular and 12 
toxic diffuse goiter. His patients with nodular 
goiter required larger doses and were more diffi- 
cult to control than his other group. In addition, 
the nodular goiters did not decrease as readily in 
size. 

The University of California group have used 
the following criteria in selecting patients for 
radioiodine therapy: (1) Definite primary hyper- 
thyroidism up to moderately severe degree; (2) 
thyroid enlargement not much greater than 80 
grams ; (3) recurrent hyperthyroidism in patients 
who have had one or more thyroidectomies with or 
without parathyroid deficiency or recurrent laryn- 
geal palsies and {4) severe exophthalmos when 
roentgen therapy seems inadvisable because of 
the large amount of thyroid tissue present. This 
group has considered certain factors contraindi- 
cations to radioiodine therapy: (a) the presence 
of a nodular goiter; {h) extremely large thyroids 
with or without pressure symptoms; (c) severe 
thyrotoxicosis with complications since antithy- 
roid drugs and other measures in conjunction 
with radioiodine probably provide a safer ap- 
proach than radioiodine alone ; (d) pregnancy ; and 
(c) previous treatment with ordinary iodine un- 
less there is adequate uptake of radioiodine by the 
thyroid. Prinzmetal, Agress, Bergman and Sim- 
kin (14, 15) also feel that patients with toxic 
nodular goiter should not be treated with radio- 
iodine. 

In summar}', there are no hard and fast rules 
concerning selection of patients and many of the 
differences noted by groups of investigators are 
more apparent than real. Even after prolonged 
and e-xtensive experience with any therapy in 


any disease, there will be legitimate differences of 
opinion as to the best of several effective methods. 

RESULTS OF TREATMENT OF GRAVES’ DISEASE WITH 
RADIOIODINE I^®^ 

The earliest published series of cases is that of 
Hertz and Roberts (7) who used 1^®“, with a half- 
life of 12.6 hours (see Table I). Chapman, Skanse 
and Evans (22) have also reported on the treat- 
ment of 65 cases of hyperthyroidism with 1^^° 
and their results are also included in Table I. In 
their group of 20 cases. Hertz and Roberts (7) 
followed radioiodine with a course of treatment 
with ordinary iodine (P^^). This was done so 
that no harm would result to the patient from 
prolonged thyrotoxicosis should the radioiodine 
prove ineffective in controlling the disease. It was 
thought also that the I^^’’ might delay the release of 
radioiodine from the thyroid during treatment. 
In this respect, their series is not strictly com- 
parable to that of Chapman, Skanse and Evans 
(22) who used I^“® only but it appears likely from 
the published results that the major effects pro- 
duced in those 20 cases were due to the radioactive 


TABLE I 

Treatment of Graves' disease with 



I 

1 

1 II 

1 , 

HI 


Hert 2 and 
j Roberts 
(7) 

Chapman 
and Evans 
(6) 1 

1 

Chapman. 

Skanse 
and Evans 
(22) 

Number of patients 

20 

22 

65* 

Mean values j 

Estimated wt. of thyroid 
before treatment 

51.3 gm. 

53.4 gm. i 

45 gm. 

BMR before treatment 

41.5%-!- 

39%-k 

— . 

BMR after treatment 

6.25%-ft 

1.4%-t- 

— 

Total dose 

10.8 me. 

— 

32 me. 

Estimated dose in pc./gm. 
of thjToid 

— 

860 

450 

Time to return to normal 
(mo.) 

— 

2i 

2 

MjTcedema or hypo- 
thjToidism 

— 

2 

11 

Radiation sickness 

— 

3 

6 


•This group of 65 includes the 22 cases listed in 
column 11. 

t Done from 3 mo. to 4§ yrs. after treatment. 



1370 


MAYO H. SOLEY AND NADINE FOREMAN 


rather than to the inert iodine. Hertz and Roberts 
(7) reported on an additional nine cases in which 
1130 j^q|- giycn witli thcrapcutic intent and they, 

therefore, have been omitted from this series. 
The disadvantages in the use of are tlie neces- 
sity for being near to its place of production (due 
to short half-life) and the more frequent produc- 
tion of radiation sickness because of rapid delivery 
of radiation and rapid destruction of thyroid tis- 
sue. It should be noted here that radioiodine which 
is produced by the cyclotron contains a mixture 
of isotopes, approximately 90% of which is P®® 
and 10% thus much of the radiation effect 
could have been from the P®^. 

When the longer-lived isotopes P®^ (half-life, 
eight days) became more generally available, sev- 
eral groups began treating thyrotoxic patients in 
various parts of the country (8-11, 13-16, 22). 
A discussion of the use of this isotope is the pri- 
mary aim of this paper. The results of therapy 
with P®^ in some 288 cases are presented in sum- 
mary form in Table II. It becomes apparent that 
considerable variation in methods and in results of 
treatment among the several groups occurs and 
this fact is worthy of some comment. 

Haines, Keating et al. (10) at the Mayo Clinic 
in their treatment of more severe and complicated 
cases, used relatively large, single doses of P®®. 


“A result was considered good if the basal meta- 
bolic rate was lowered to plus 15% or further and 
if the clinical evidences indicated that the patient 
was in a euthyroid state. Results were classified 
as fair when the severity of hyperthyroidism was 
markedly reduced by treatment.” Twenty-seven 
of 40 patients had good results according to their 
criteria, eight were classified as fair results, and 
five were failures. Seven of 40 cases (17.5%) 
developed myxedema following treatment. In 
view of the nature of the patients treated it obvi- 
ously was better to overshoot than to undershoot 
the mark' in therapy. 

Werner, Quimby and Schmidt (13) at Colum- 
bia University reported upon the results of treat- 
ment of 58 patients with P®* with follow-up stud- 
ies of from four months to over one year (not in- 
cluded in Table II because of incomplete published 
data). The average total dosage used was from 
3 to 4 me. with 22 of the 58 patients requiring 
more than a single therapeutic dose. Forty-eight 
of 56 patients are now in remission, a case success 
rate of 86%. Two patients have not been followed 
sufficiently since the last treatment to permit evalu- 
ation. Four cases became hypothyroid for a short 
period of time but recovered. The average time 
required to reach normal metabolic levels follow- 
ing treatment was three months. Nearly 50% of 


TABLE n 

Treatment of Graves' disease with radioiodine (/'”) 



I 

Chapman, 
Evans and 
Skanse 

II 

Soley and Miller 

III 

Haines. 
Keating 
et al. 

IV 

Crile 

V 

Prinzmetal et al. 



good 

results 

fair 

results 


diffuse 

tox. j 

nodular j 

uttcomplic. 

complic. 

Number of patients 

Mean values 

Est. wt. of thyroid before treatment 

65 

51 

10 

1 

1 

40 

i 

12 

i 

10 

26 

18 

(gm.) 

50 gm. 

31.4 

49.1 

27.6 

61 

115 

38.7 

42.3 

Est. wt. of thyroid after treatment 

— 

13.1 

19.0 

smaller 

28 

80 

20 

20(?) 

BMR before treatment 

— 

28.3-1- 

39 + 

35-f 

47-i- 

48 -f- 


37.5 -t- 

BMR after treatment 

Prot-bound iodine before treatment 

— 

1 - 

6.S + 

S.7-F 

2 + 

2i + 


0 

(nc. %) 

— 

10.7 

13.7 


— 

— 

11.3 

11.5 

Prot-bound iodine after treatment 

— 

5.8 

7.7 

— 

— 


6.3 

6.3 

Total dose I”* (no.) 

Estimated uc./gm. of thyroid for total 

10,000* 

3,067 

7.556 

— 

7,200 

10,900 

4,400 

5,320 

dose 1 

140 

67 

(42 cases) 

162 • 

(4 cases) 

230.65* 



— 

— 

Time until normal (mo.) j 

Myxedema and Iiypotliyroidism after | 

2 

3.4 

14.6 

2.67 

4 

0 

3-4 

4.1 

(17 eases) 

treatment i 

4 

3 

0 

7 

I 

0 

4 

0 

Radiation sickness 

0 

0 

0 

1? 

0 

0 

0 

0 

Relapses 

Classification of results 

0 

1 

0 

3 

0 

0 

1 

0 

Good 

56/65-86% 

51/61 

-84% i 

27/40-67.5% 

11/12-91.5% 

' 4/10-40% 

25/26-96% 

16/18-89% 

Fair 

Poor 

8/65-12.3% 

10/61-16% 1 
_ (2 failures) 

(not included in above) 

8/40-207o 

5/40-12.5% 

1/12- 8.5%) 

6/10-60% 

i 

1/26- 4%, 

i 

2/18-ll%o 


* Single dose. 
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tVieir patients represented recurrent hyperthyroid- 
ism after operation ; they were not considered to 
be good surgical risks, and, for the most part, had 
not come into remission with antithyroid drugs 
or with X-ray therapy. 

Sixty-one patients have been treated at the Uni- 
versity of California Hospital (8, 9 ). Each of 
the patients treated had either primary or recur- 
rent Graves’ disease of mild to moderately severe 
degree. When the percentage uptake of iodine 
by the thyroid had been determined, it was possible 
to make an estimate of the probable optimal dosage 
of iodine needed, since it could be shown that, over 
a short period of time, the uptake of a large 
(therapeutic) dose as a rule would be the same as 
that of a small (tracer) dose. Following treat- 
ment, patients were re-evaluated at two to four 
week intervals and second, third, or fourth treat- 
ments were given as necessar}^ The usual interval 
between treatments was from four to six weeks. 
A good result was one in which complete remis- 
sion of the signs and symptoms of Graves’ disease 
occurred with return of the thyroid to normal size 
within a reasonable length of time, irrespective of 
the number of doses required. Of the 61 cases 
which now have been reported, 51, or 84%, were 
considered to be good results. The remaining ten 
patients (16%) were reported as fair results due 
to the fact that they were imder treatment for a 
long period of time before reaching the euthyroid 
state. It is apparent that these ten patients repre- 
sent, on the average, a more severe degree of hy- 
perthyroidism and that larger doses of radioiodine 
were necessary for the control of their disease. At 
least a part of the difficulty lay in the fact that %o 
of these patients were treated rather early in the 
course of this study when only limited amounts of 
iodine were available and when low dosage sched- 
ules were being used. Three patients could not 
be followed or evaluated properly and represent 
therapeutic failures. The first was a 35 j'ear old 
woman with severe Graves’ disease. She received 
a total of 4 me. of P*' in two doses, with return to 
normal thyroid status within bvo months of the 
beginning of therapy. Two months later she de- 
veloped an acute rheumatic pancarditis and it be- 
came impossible to appraise her thyroid status ac- 
curately. The second case was a 53 year old wo- 
man with s3-mptoms and signs of hj-perth^Toidism, 
with goiter, derated BMR and high protein-bound 


iodine. She was given a total of 6 me. of 
without improvement in her clinical condition. 
She later tmdenvent a subtotal thyroidectomy at 
another hospital and the thjToid was found to be 
nodular and fibrotic. The third failure was a 
woman whose treatment for Graves’ disease wdth 
radioiodine was interrupted by the development of 
a major ps)'chotic episode. The latter tivo patients 
were not included in the tabulated results. 

The 65 cases reported by Chapman, Skanse, 
and Evans (22) of the Massachusetts General 
Hospital are quite comparable with those from the 
Uni%’^ersity of California. Although the average 
total dose of radioiodine (in millicuries) exceeds 
that given the University of California group and 
was administered as a single dose, the estimated 
number of microcuries per gram of thyroid is quite 
similar, as are the results of treatment.® Fifty- 
six of the 65 patients experienced good results fol- 
lowing therapy whereas eight of 65 were im- 
proved but not clinically w-ell six months after 
treatment. Four of their cases developed hypo- 
thyroidism but there were no other complications. 
One of the 65 died of myocardial infarction shortly 
after treatment and therefore is omitted from the 
tabulated results. 

Crile (16), at the Qeveland Qinic, has treated 
50 patients with radioiodine and has reported upon 
the results in 22 cases who have been followed for 
from three to ten months. Twelve patients had 
diffuse toxic goiter and the remaining ten toxic 
nodular goiter. Eleven of the 12 patients in the 
first group responded well to treatment, with re- 
lief of symptoms of hyperthyroidism and a signifi- 
cant decrease in thyroid size. Only one patient in 
this group was not classified as a good result even 
though much improved. Because of the relatively 
short period of follo%v-up, it is perhaps not justi- 
fiable to class this as a poor result. The patients 
with toxic nodular goiter have proven considerably 
more difficult to control by this method of therapj- ; 
they require larger doses of radioiodine to pro- 
duce a remission in their disease, the length of 
time required to bring about improvement is longer, 

* At the time that these studies were carried out, the 
millicurie as measured at the University of California 
apparently was about 21-j times that of the Massachusetts 
General Hospital; consequently the average' total dosage 
is more nearlj- the same than would appear from the 
data. 
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and the nodular thyroid does not decrease as 
readily in size. Of ten such cases, only four 
(40%) have made a clinical recovery while the re- 
maining six are still under treatment. (Results 
tabulated in Table II.) 

Prinzmetal and co-workers (14, IS) have com- 
piled complete data on 44 patients, all of which 
have been followed for more than one year. 
Twenty-six were uncomplicated cases of Graves’ 
disease, comparable with those of the University 
of California group. Using a schedule of multiple, 
relatively conservative doses, Prinzmetal suc- 
ceeded in producing satisfactory remissions in 25 
of 26 patients within three to four months. The 
last patient of the group is reported to be im- 
proved, but not completely well after one year of 
study. “Three patients developed hypometabolism 
and one patient developed signs and symptoms of 
myxedema. One patient who apparently relapsed 
had complete return to normal after further iodine 
administration.” The remaining 18 cases pre- 
sented one or more rather serious complications 
in addition to their hyperthyroidism. Of the 
group, 16 (89%) became relieved of their thyro- 
toxicosis within four months, on the average. One 
patient did not respond at all and another was im- 
proved only moderately. 

The overall incidence of clinically good results 
in the 288 hyperthyroid patients summarized is 
83%; 9.7% can be classed as fair results; 5.5% 
as failures. Results of treatment of toxic nodular 
goiter with radioiodine have been relatively disap- 
pointing since only four out of ten did well. 

Some attempt should be made to explain the dif- 
ferences in results obtained in patients when equal 
quantities of radioiodine are given, and in various 
series of patients who presumably are handled 
in the same way. Probably not a great source of 
discrepancy is the variability of standardization of 
the iodine at different institutions throughout the 
country. The major difficulty lies in the calcula- 
tion of radiation dosage for any given patient. 
Apart from the factors of physical characteristics 
of the administered radiation, dosage is dependent 
upon (1) the percentage which is taken up and 
held by the thyroid, (2) the size of the gland in 
which the iodine is distributed, and (3) the rate at 
which the iodine leaves the thyroid. The greatest 
source of error is, of course, in the estimation of 
thyroid size, a subjective error which cannot 


readily be measured. Even if it were possible to 
guess accurately the weight of the thyroid, cer- 
tain differences in therapeutic results would be 
observed due to variations in response to a given 
amount of radiation in individual patients. Hence, 
as has been reported by several groups (8-13), 
myxedema may follow relatively small doses of 
radioiodine (in fxc. per gram) while patients re- 
ceiving much greater amounts do not go below 
normal metabolic levels. 

COMPLICATIONS 

Certain phenomena seen within the immediate 
post-therap}’’ period are worthy of comment but 
do not constitute true complications. Within the 
first two to three days, spontaneous tenderness in 
the thyroid or tenderness on palpation may be 
noted and this coincides with an increase in the 
sedimentation rate. This is seen mainly after 
single doses of two or more millicuries of I^®^. 

Within the first one or two weeks after has 
been administered, some increase in the severity of 
thyrotoxic symptoms may occur and is associated 
with a rise in the protein-bound iodine in the blood. 
Werner, Quimby and Schmidt (11) state that the 
average increase in the basal metabolic rate in 
three patients was 15%. The mechanism of the 
exacerbation probably is rapid radiation destruc- 
tion of the thyroid and release of stored hormone. 

Patients and examiners alike are apt to find that 
the thyroid becomes firm and even hard within a 
few days after therapy. This may be associated 
with a sore throat and cough, the latter persisting 
for several weeks. 

In only one instance has radiation sickness been 
noted (10), and this was questionable. This is 
in distinct contrast with the findings of Chapman 
and Evans (6) who observed radiation sickness 
in six of 65 patients treated with I^®°. 

Transient hypothyroidism has been seen in four 
of 58 patients (13), actual hypothyroidism in three 
of 26 patients (14, 15) and myxedema in 16 of the 
entire 288 patients treated with P®^. 

Five deaths occurred among the 288 patients 
within a period of days to several months follow- 
ing treatment — a remarkable record when one 
considers the severity of illness of some of the pa- 
tients treated especially by Prinzmetal’s and 
Haines’ groups. Two of the five died of myo- 
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cardial infarction, two of cerebral-vascuJar acci- 
dents and one of cardiac failure. 

Apparently, severe progression of exophthalmos 
has not been a troublesome feature of radioiodine 
therapy. Soley, Miller, and Foreman (9) found 
a progression of 1.5 mm. in 11 of 50 patients and 
an increase of 3 or more mm. in four of the 50 while 
none showed a decrease of 1.5 mm. or more. Thus 
30% showed a significant increase in the promi- 
nence of their eyes. By way of comparison, 26% 
of 75 hyperthyroid patients who received roentgen- 
ray therapy had progression of 1.5 mm. or more 
and 6.6% showed a decrease of the same magni- 
tude. Following subtotal thyroidectomy for 
Graves’ disease, 40-50% of the patients had an in- 
crease in the prominence of their eyes of 1.5 mm. 
or more. 

Relapses after probably inadequate therapy have 
occurred in the experience of all investigators but 
true recurrences are rare, because the length of 
follow-up has not been of sufficient duration for 
recurrence to take place in well-treated patients. 

COMPARISON WITH OTHER METHODS OF 
TREATMENT 

Means (23) in 1946 appraised the modern 
methods of treating Graves’ disease but did not 
have the advantage of recent published work with 
antithyroid drugs or radioactive iodine. Up to 
the time of writing this paper, data still are not 
available to determine precisely the relative merits 
of (7) preparation of the patient with an antithy- 
roid drug followed by subtotal thyroidectomy, (2) 
treatment with antithyroid drugs alone, (3) roent- 
gen-ray treatment, and (4) treatment with radio- 
iodine. 

These various methods may be evaluated briefly 
as follows : 

(7). In skilled hands with an efficient team, 
subtotal thyroidectomy in the well-prepared pa- 
tient who has been on propyl thiouracil or one of 
the other thiouracil derivatives, carries a mortality 
of 0.5% or less and is accompanied by the hazards 
of parathyroid and recurrent larj-ngeal ner\'e in- 
jury' in a small percentage of patients. In addi- 
tion a varying number of patients will develop 
my'xedema which can be treated readily with thy- 
roid. The recurrence rate is under 5%. Prob- 
ably more patients can be treated successfully this 
way than by any single method. 


(2). The commonly used thiouracils will in 
nearly all patients produce a satisfactory remission 
in Graves’ disease. Thiouracil carries the same 
mortality hazard as subtotal thyroidectomy and in 
turn produces toxic effects in nearly 15% of pa- 
tients, the most serious of which is agranulocytosis 
in approximately -2%. Propyl thiouracil is much 
safer. However, after six to nine months of full 
remission, from perhaps 15% to over 50% of 
people will have a recurrence of hyperthyroidism 
when the drug is discontinued. The danger of 
neoplastic changes remains an unknown quantity. 
Advantages are the simplicity of therapy, the gen- 
eral satisfactory response of the patient and rela- 
tively low cost. 

(J). Roentgen-ray therapy is not widely em- 
ployed by thyroidologists, but has given good 
therapeutic responses in selected patients: those 
with moderate hyperth}’roidism, with non-nodular 
goiters up to about 60 grams without complica- 
tions such as coincident heart disease in which a 
rather slow return to normal might jeopardize the 
patient and with no history of sun-sensitivity or 
chronic laryngitis. The chief disadvantage is the 
comparatively long period required for complete 
remission. A great advantage is the absence of 
any mortality from the therapy itself. 

(4). Radioiodine can be expected to produce 
satisfactory remissions in over 80% of patients and 
many of the other patients w'ould (with less strict 
criteria than justifiably conservative observers 
have established) have had reasonably satisfac- 
tory end results. The only recorded deaths fol- 
lowing were not related to the iodine therapy. 
No serious complications have been noted, but the 
possibility of late radiation change (tumors) has 
not been excluded. A disadvantage is the need 
for technical equipment and skilled personnel be- 
yond that required for other methods of therapy. 

Probably the most logical attitude for the ther- 
apist in Graves’ disease is the recognition of at 
least four empirical but satisfactory types of treat- 
ment, any one of which or combinations of which 
should be selected for a given patient depending 
upon individual consideration of the patient and 
the special skills of the physician. 

SUMMARY 

An attempt has been made to present the total 
experience, to date, in the treatment of thyrotoxi- 
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cosis with radioactive iodine. Although there are 
differences among various groups in the methods 
of treatment, the end results are quite similar and 
compare favorably with already accepted forms of 
therapy. 

The use of radioactive materials in clinical medi- 
cine brings with it the necessity for specially 
trained personnel, and strict attention to the po- 
tential hazards of radiation both to patients and 
to physicians. In this, the relatively young era 
of isotope application, progress must be made 
slowly and carefully. It is not unlikely, however, 
that radioiodine therapy ultimately will come into 
more general use. 

BIBLIOGRAPHY 

1. Fermi, E., Radioactivity induced by neutron bom- 

bardment, Nature, 1934, 133, 757. 

2. Hertz, S., Roberts, A,, and Evans, R. D., Radio- 

active iodine as an indicator in the study of thyroid 
physiology. Proc. Soc. Exper. Biol. & Med., 1938, 
38, 510. 

3. Hamilton, J. G., and Soley, M. H., Studies in iodine 

metabolism by the use of a new radioactive isotope 
of iodine. Am, J. Physiol., 1939, 127, 557. 

4. Hertz, S., and Roberts, A., Application of radio- 

active iodine in therapy of Graves’ disease, J. Clin, 
Invest., 1942, 21, 624. 

5. Hamilton, J. G,, and Lawrence, J. H., Recent clinical 

developments in the therapeutic application of 
radio-phosphorus and radio-iodine. J. Clin, Invest,, 
1942, 21, 624. 

6. Chapman, E. M., and Evans, R. D., The treatment 

of hyperthyroidism with radioactive iodine. J. A. 

M. A., 1946, 131, 86. 

7. Hertz, S,, and Roberts, A., Radioactive iodine in the 

study of thyroid physiology. VII. The use of 
radioactive iodine therapy in hyperthyroidism. 
J. A. M, A., 1946, 131, 81. 

8. Soley, M, H., and Miller, E. R., Treatment of 

Graves’ disease with radioactive iodine. M. Clin. 

N, America, 1948, 32, 3. 

9. Soley, M. H., Miller, E. R., and Foreman, N., 


Graves’ disease: treatment with radioiodinc (I"’). 
J, Clin, Endocrinol., 1949, 9, 29. 

10. Haines, S. F., Keating, F. R., Jr., Power, M. H., 

Williams, M. M. D,, and Kelsey, M. P., The use 
of radioiodinc in the treatment of exophthalmic 
goiter. J, Clin. Endocrinol,, 1948, 8, 813. 

11. Werner, S. C,, Quimby, E. H., and Schmidt, C., The 

clinical use of radioactive iodine. Bull, New York 
Acad. Med., 1948, 24, 549. 

12. Werner, S. C., Quimby, E. H., and Schmidt, C., 

Clinical experience in diagnosis and treatment of 
thyroid disorders with radioactive iodine (eight- 
day half-life). Radiology, 1948, 51, 564. 

13. Werner, S, C., Quimby, E. H., and Schmidt, C., 

Radioactive iodine P" in the treatment of toxic 
goiter and as an indicator of thyroid function in 
man. Brookhaven Conf. Rep., BNL-C-S, July 
1948, 69. 

14. Prinzmetal, M., Agress, C. M., Bergman, H. C, and 

Simkin, B., The use of radioactive iodine in the 
treatment of Graves’ disease. Unpublished paper. 

15. Prinzmetal, M., Agress, C. M., Bergman, H. C., and 

Simkin, B., Problem cases of Graves’ disease 
treated with radioactive iodine. Unpublished 
paper. 

16. Crile, G., Jr., Practical Aspects of Thyroid Disease. 

W. B. Saunders Co., Philadelphia, 1949, 106-112. 

17. Gorbman, A., Effects of radiotoxic dosages of 1“ 

upon thyroid and contiguous tissues of mice. Proc. 
Soc. Exper. Biol. & Med., 1947, 66, 212. 

18. Findlay, D., and LeBlond, C. P., Partial destruction 

of thyroid by large doses of radioiodine. Am. J. 
Roentgenol., 1948, 59, 387. 

19. Marinelli, L. D., Dosage determinations with radio- 

active isotopes. Am. J. Roentgenol., 1942, 47, 210. 

20. Quimby, E. H., Calculation of dosage in radioiodine 

therapy. Brookhaven Conf. Rep., BNL-C-5, July 
1948, 43. 

21. Marinelli, L. D., Quimby, E. H., and Hine, G. J., 

Dosage determinations with radioactive isotopes. 
Am. J. Roentgenol., 1948, 59, 260, 

22. Chapman, E. M., Skanse, B. N., and Evans, R. D., 

Treatment of hyperthyroidism with radioactive 
iodine. Radiology, 1948, 51, 558. 

23. Means, J. H., Evaluation of the several methods for 

treating Graves' disease available today, Ann. Int. 
Med., 1946, 25, 403. 



THE UPTAKE AND ELIMINATION OF KRYPTON AND OTHER 
INERT GASES BY THE HUMAN BODY^ 

By C. a. TOBIAS, H. B. JONES, J. H. LAWRENCE, and J. G. HAMILTON 

{From the Divisions of Medical Physics^ and Medicine, and the Radiation Laboratory, Univer- 
sity of California, Berkeley, California) 


INTRODUCTION 

Chemically inert gases, such as nitrogen, helium, 
neon, argon, krypton and xenon, apparently do not 
participate at normal pressures in biochemical re- 
actions of the human body. These gases are pres- 
ent in physical solution, chiefly in the body water 
and fat. In recent years much interest has been 
focused on the exchange of these gases between 
body fluids and external air, through the lungs, 
skin and intestinal wall. A number of important 
physiological processes may be studied by means 
of inert gas exchange measurements. 

During rapid decompression from several at- 
mospheres to one atmosphere or from one 
atmosphere to a fraction of an atmosphere 
the dissolved inert gases originally in equi- 
librium may become relatively supersaturated so 
that under certain conditions gas bubbles may form 
in the blood and tissues ( 1 ) . These may exert 
mechanical pressure on nerve endings or may cause 
pain by some other mechanism (2) . Our investi- 
gations were initiated with the explicit desire to 
provide (a) classification procedures for selection 
of high altitude flyers on the basis of gas exchange 
rates; (b) information on methods of prevention 
of bends by accelerating the elimination of nitrogen 
or inert gas or by pre-breathing oxygen. In at- 
tempting to solve these two problems, which were 
of immediate practical importance, we could spend 
relatively little time on the study of the funda- 
mental mechanisms of inert gas exchange. An- 
swers to the problems a and b have been given 
elsewhere (3, 4) and the purpose of this paper is 
to describe some experiments which pertain to the 
mechanism of inert gas exchange in the human 
body. 

1 These investigations were initiated originally through 
the support of the Columbia Foundation (Columbia Fund 
for Medical Pliysics) and subsequently supported through 
a contract recommended by the Committee on Medical 
Research between tlic Office of Scientific Research and 
Development and the University of California. 

- Of the Department of Physics. 


After Zuntz (5) postulated a mechanism for the 
exchange of dissolved nitrogen between the tissues 
and the lungs. Boycott et al. (6) carried out ex- 
periments on goats and men subjected to excess 
pressure and determined the general shape of the 
nitrogen desaturation curve. Bornstein (7) and 
later Campbell and Hill (8, 9) made further stud- 
ies of nitrogen exchange, showing that rates of ex- 
change are different in various parts of the body. 
Shaw et al. (10) demonstrated on dogs that under 
conditions of equilibrium at pressures up to four 
atmospheres, the nitrogen content di the body is 
proportional to the partial pressure of nitrogen in 
the lungs, and that the nitrogen saturation time is 
the same as the desaturation time. Behnke et al. 
(11-14) also showed that the slope of the nitrogen 
elimination curve is a function of the cardiac output 
and suggested that helium exchange is faster, argon 
exchange slower than that of nitrogen, gas elimi- 
nation more rapid from the fluid constituents of 
tissues, and slower from tissues high in fat, and 
showed that helium and nitrogen may diffuse 
slowly through the skin. Throughout most of the 
above described work the whole body elimination 
was studied more thoroughly than that of specific 
regions because of lack of suitable methods. Re- 
cently Ferris et al. (15) measured the nitrogen 
exchange in man by determining changes in ni- 
trogen content of arterial and venous blood sam- 
ples. They found that arterial blood reaches equi- 
librium with pulmonary nitrogen within a few 
minutes, while venous blood reaches equilibrium 
much more slowly. Whiteley et al. (16) observed 
the same in the femoral vessels of cats and found 
that exercise increases the rate of denitrogenation. 
During the war Smith and Morales also carried 
out some similar experiments (17-19). The 
mechanism of total body gas exchange was put on 
a new basis as a result of work by Jones and his 
collaborators (20) who demonstrated that diffu- 
sion plays verj- little role in the uptake of various 
gases by tissues, and that the rapidity of gas ex- 


change depends mainly on the gas carrying power 
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TABLE I 

Properties of the radioactive inert gases suitable for biological investigations * 





1 Energy of radiation 



Name 

Isotope 

Type of 
radiation 



Half life 

Most important nuclear 
reaction 

Particles mev 

y rays 




i 


Nitrogen 

13 


1.24 

no 7 

9,93 minutes 

c« (d. n) 

Argon 

37 

K 

— 

no 7 

34 days 

Cl« (d, 2n) 

Argon 

41 

/3~ 7 

1.5 

.37 

110 minutes 

A^® (d, p) 

Krypton 

79, 81 

y 

~.9 (30%); 

0.2 

34 hrs. 

Br”.s» (d, 2n) 

Krypton 

85 

P~ 

0.6 (70%) 
0.74 

no 7 

9.4 yrs. 

Kr (n, 7) 

U-n 

Xenon 

127 1 

e~, 7 

— 

0.9 

34 days 

(d, 2n) 

Xenon 

133 

P~, y, e 

0.42 

0.085 

5.3 daj's 

U-n 

Radon 

222 

CC 

5.486 

-t 

3,825 days 



* For references and details see G. T. Seaborg and I, Perlman, Table of isotopes. 
Also see Way ei ak, Nucleonics, 2, No. S, Part 2, May, 1948. 

1 7 rays from radioactive daughters. 


of the blood, that is gas solubility in blood and the 
rate of perfusion of the tissues by blood, 

EXPERIMENTAL METHODS 

A glance at Table I shows that it is difficult to work 
with radioactive nitrogen because of its short half life — 
the gases argon, krypton and xenon are much better 
suited for tracer investigations. Fortunately it is per- 
missible to use these gases instead of nitrogen if suitable 
correction factors are applied in interpreting the results. 
Two kinds of corrections are needed. First one has to 
take account of the fact that the water and fat solubilities 
of these gases are different. A detailed analysis of 
these solubilities by Lawrence et ak (21) is summarized 
in Table II. In addition, another correction factor must 
be used whenever diffusion of these gases influences the 
rate of gas exchange. As predicted by Graham’s Law, 
Jones et ak recently demonstrated that the noble gases 
diffuse through gelatin membranes at room temperature 
at rates which vary inversely with the square root of 
the molecular weights of the gases. 

In the present series of tests the absolute amount of 
inert gases in the tissues was emphasized less than the 
relative rate of their uptake and desaturation. Prior to 

TABLE ir 

Solubilities of inert gases in water and oils at 37° C. 


Bunsen's absorption coefficient 
(two significant figures) 


Gas 

1 

bfolccular 

weight 

Water 

Olive oil 

Oil/water 

solubility 

ratio 

Helium 

4 

0.0085 

0.015 

1.7 

Neon 

20.2 

0.0097 

— 

— 

Nitrogen 

28 

0.013 

.067 

5.2 

Argon i 

39.9 

0.026 

.14 

5,3 

Krj’pton 

83.7 

0.045 

.43 

9.6 

Xenon 

131.3 

O.OSS 

1.7 

20.0 

Radon 

222 

0.15 

19.0 

125.0 


Rev. Med. Phys., 1948, 20, 585. 


uptake measurements the radioactive gases were intro- 
duced into a closed circuit spirometer. The concentration 
of gas in the spirometer was determined by a Geiger- 
Mueller counter. In most experiments this concentration 
was held constant throughout the period of radioactive 
gas uptake in the body. In this way the final volume of 
the spirometer did not enter into consideration when the 
rate of body uptake was determined. The simple method 
of measurement required placing a Geiger-Mueller coun- 
ter against the body region studied and continuously 
recording the counting rate.® The schematic setup is 
shown in Figure 1, Diagram la. A counter was held gently 
in one hand, surrounded by a lead shield, as shown in Fig- 
ure 1, Diagram Ic, and the left knee was placed on a lead 
slit, limiting the solid angle of measurement for anotlier 
counter (Figure 1, Diagram lb). 

Preparation of the radioactive gases in the cyclotron 
required special techniques. Except in the cases of N”, 
and A“, halides were bombarded by deuterons ; potassium 
chloride for A", potassium bromide for Kr®^' ” and potas- 
sium iodide for Xe“k Because of the high intensity of 
the deuteron beam, it was necessary to design a target 
which spread the deuteron beam over a relatively large 
area so that heat generated could be dissipated. The 
target plate was tilted so that the effective portion of 
the beam was spread over an area of 30 square cm. It 
was also found necessary to isolate the space above the 
target from the cyclotron vacuum because during bom- 
bardment a considerable amount of occluded gas may be 
released from the target and this would seriously hamper 
the maintenance of a proper degree of vacuum in the 
cyclotron as well as cause a loss of the radioactive 
noble gas formed during the period of exposure. Two 
thin aluminum windows, cooled by compressed air, were 
used. The space above the target (the so-called bell 
jar) was usually filled with He at % atmospheric pres- 
sure. The target plates themselves were made of Vi. inch 
copper plate with a grooved surface. The halide salts 
were fused to the reduced surface of the target at a 

® These methods were developed in collaboration with 
J. B. Mohney and F. W. Loomis of this laboratory. 












UPTAKE AND ELIMINATION OF INERT GASES BY HUMAN BODY 


1377 


SPIROMETER 




LEAD SHIELD FOR 
MEASUREMENT OF ACTIVITY 
IN THE KNEE REGION 



G.M. COUNTER 


LEAD SHIELD FOR 
MEASUREMENT OF ACTIVITY 
IN THE HAND REGION 


DIAGRAM I b DIAGRAM I c 

Fig. 1. Schematic View of the Apparatus Used for Radioactive Gas 
Exchange Measurements 

Diagram 1 a. Spirometer, mask and gas recirculating system. 

Diagram 1 b. Method of measuring radioactivity of the knee region. 
Diagram 1 c. Method of measuring radioactivity in the hand region. 


temperature of approximately 6S0° C. In addition to 
potassium, halides of Rb, Sc, Sr and Ba have also been 
employed with no advantage over potassium salts. 
Lithium halides are undesirable because of their low 
melting points and hygroscopic properties, and sodium 
salts are not used because of the very intense gamma 
ray activity arising from Na’* after bombardment. About 
10% of the radioactive inert gases was collected in the 
bell jar. The remainder is retained in the salt. The 
bombarded salt is usually scraped off the target plate 
and fused in a sealed evacuated quartz test tube. The 
occluded gas is easily driven off at a temperature 
of 650° C. along with some halogen vapor contamination, 
usually radioactive (c.p., Br”, 4.4 hours.; Br”, 34 hours; 
I*”, 25 minutes). These vapors are absorbed when pass- 
ing through alkaline sodium sulfide solution. The 
radioactive inert gas along with some inactive helium 
and nitrogen is then collected in an evacuated bulb. In 
most experiments 1-2 cm° of carrier gas was added, then 
the sample was compressed in a suitable bottle with pure 
o.\TSen to ^250 Ibs/sq. inch. Calibration of the radio- 
activity was accomplished by taking a known volume 
of mixed gas from the compressed sample and determin- 


ing its y activity in comparing it with a radium standard. 
During experimental use the gas flow was regulated by 
a needle valve, and the volume measured by a spirometer 
(see Figure 1). It is possible to salvage some of the 
long-life radioactive gases after each experiment for 
repeated use by collecting the entire expired air during 
the test, then re-absorbing it in silica gel at liquid air 
temperature. Recovery of the gases from the silica gel 
is carried out in the following manner. The silica gel 
is slowly heated, oxj-gen, nitrogen, and carbon dioxide 
are liberated first, followed by radioxenon or krypton. 
About 60% of the original radioxenon or krypton can be 
recovered by this method in the last liter of gas given 
off. Purification processes for somewhat different pur- 
poses are also described by Brown ct al. (22). 

The amount of radioactivity necessary for each uptake 
desaturation experiment was about 0.4 millicuric* and 
less than half this amount was absorbed in the body. 

•* Since this work was done, the potential efficiency of 
gamma ray counting has been greatly increased by the 
use of fluorescence counters. This will allow the use 
of smaller radioactive samples in such experiments in the 
future. 
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All data were corrected for radioactive decay by 
multiplying each counting rate by eX‘ where X is the 
decay constant of the radioactive gas used; t is the time 
elapsed since the beginning of the experiment. 

EXPERIMENTAL RESULTS 

The relative uptake and desaturation curves of 
the right hand and left knee were obtained by 
measuring the rate of gamma ray counts from them 
in function of time. A typical result obtained in 
two different experiments on the same person is 
shown in Figure 2, The counting rate was 3000/ 
minute near the peak of the curve. The experi- 
mental points did not fall exactly on the inter- 
polated curves, due to random statistical fluctua- 
tions in the number of quanta emitted. If the 
subject moved during the experiment, other de- 
viations in the measured counting rate occurred. 
For these reasons exact mathematical analysis of 
the data is not possible. At the beginning of the 
uptake experiments there usually was a delay be- 
tween the time when breathing from the mask 
started and the time the first traces of radioactive 
gas appeared in the extremities. The delay 
amounted to 30 to 90 seconds and was due to the 
time required for mixing of the gases of alveolar 


air and spirometer (20 to 40 seconds half time) 
and transportation of the blood to the extremi- 
ties. In searching for a suitable analytical ex- 
pression for the shape of the uptake and desatura- 
tion curves we attempted to divide them into sums 
of simple exponential functions. The hand data 
could be satisfactorily approximated by the sum 
of three exponential functions. Analysis of the 
knee data makes it appear that the fastest of the 
three components has a negligible contribution so 
that the knee data, as well as total uptake data, 
may be described as the sum of hvo exponential 
functions of time. Unfortunately complete satu- 
ration of the hands or knees was not reached in 
the three hours maximum period of the “uptake” 
experiment. Because of discomfort of the sub- 
jects breathing the -radioactive gas mixture from 
the somewhat uncomfortable masks, no attempts 
were made to follow the uptake longer than three 
hours. The desaturation, with the subject breath- 
ing air in a well ventilated room, was carried out 
up to 12 hours. 

Four subjects participated in two consecutive 
tests each; in one test they inhaled radiokrypton 
at a constant concentration for a short period of 



Fig. 2. Typical Uptake and Desaturation Experiments with Radiokrypton 
The concentration of radioactive gas in the spirometer was held constant. The 
theoretical curves represent the sum of three exponents adjusted to the data as de- 
scribed in the text. 
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MINUTES 


Fig. 3. Plot of Desaturation Curve on Semi- 
logarithmic Paper After Saturation of Sub- 
ject WITH Radioerypton for 20 Minutes 
The three components of desaturation are represented 
by straight lines. 

time (about 30 minutes) ; the mask was then 
taken off and desaturation was continued by 
breathing air. In the second test, uptake was 
continued for about 120 minutes, followed by 
desaturation up to 12 hours. 

Figure 2 shows the shape of the hand uptake 
and desaturation curves in two different experi- 
ments on the same subject. The uptake $ in this 
and other experiments was found to fit the em- 
pirical formula : 

$ == Ai(l - j-w/TP) Aj(i - + A,(l - 2-<‘fT.)) 

is the sum of three exponential tjjje “saturation” curves. 
The "amplitudes” of these three components are Ai, Aj 
and Aj and the “half saturation times” characteristic of 
tlie rate of koTton uptake are T,, Ti and T,; while t is 
the time elapsed after the beginning of the gas uptake. 
The data are plotted in such a way that 


The shape of the desaturation curves differs from 
the saturation curves, inasmuch as the desaturation after 
20 minutes uptake does not follow exactly the same law 
as desaturation after 120 minutes uptake. To obtain 
some information regarding the analytical shape of the 
desaturation curves, they were plotted again in Figures 
3-5 on semilogarithmic scale. It became clear the 
desaturation curves may be expressed approximately 
as sums of three exponentially decaying functions of the 
form 

t) = ai2-c^/TdP -f. aj2-(’'/Td!) + a,2-f/Tdj). 

Here x is the time taken for saturation; ai, a;, and as 
are amplitudes again; t is the time elapsed since begin- 
ning of desaturation; Tdi, Tds, Tas are characteristic 
desaturation half times. The measured values of some of 
the constants “ai” and Ta are given in Table III. It is 
found by inspection of Table III, and similar data taken 
on other subjects, that the values Ta are about the same 
irrespective of the length of time of uptake, while the 
amplitudes “a” are different for the two different ex- 
periments. 

Comparing the constants of the uptake and desatura- 
tion experiments it was found that within reasonable 
agreement of the data obtained the constants expressing 



Fig. 4. Plot of Desaturation Curve on Semilogaritii- 
Mic Paper After Saturation of Subject with 
Radioerypton for 117 iliNUTES 


Aa-f A. + A.= l. 
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Fig. S. Plot of Desaturatxon Curve on Semi- 
logarithmic Paper After Complete Satura- 
tion OF Subject with Radiokrypton 


table hi 

Amplitudes and half dcsaluration times of the same 
subject after dijfcrcfit saturation times 


Half desaturation 
times r 

Amplitudes 

a 


T«=after 

T <=nftcr 


After 20 

After H 7 


20 minutes 

117 minutes 


minutes 

minutes 


uptake 

uptake 


uptake 

uptake 


mittuirs 

tniniiles 




Ti 

6 

6 

ai 

.48 

.23 

T* 

39 

42 

a2 

.49 

.675 

T, 

310 

i 

320 

as 

.03 

.095 


It would appear then that saturation of the 
extremities with inert gases is not a strictly re- 
versible phenomenon with desaturation as far as 
time dependence of the process goes. One may 
say that it appears as though in the hand there 
were at least three distinctly different reservoirs 
containing inert gas; they may be distinguished 
by the rapidity of the dissolved gas exchange. 
The filling of these three resenmirs is somewhat 
independent from each other inasmuch as the time 
of filling, as characterized by the half saturation 
time, falls in a definite range. The saturation of 
each reservoir may be at the present state of ex- 
perimental accuracy, expressed by a single ex- 
ponential type function. 


the empirical uptake curve and desaturation curve are 
related. First the half saturation and half desaturation 
times are about equal 

Ti Tdi, 

Tj « Tds, 

Tj =» Tds- 

Second, the amplitudes "a” of desaturation curves, ob- 
tained after saturation for time « obey the following ap- 
proximate relationships : 


ai = Ai(l - 2-WTi)), 
aj^AsCl - 2-WT,i), 
33 = AjCI - 2-'«T3)). 


Consequently, using the constants obtained in uptake 
experiments, the empirical formula of desaturation after 
saturation may be obtained as 


r) = Ai(l - 2 -(‘'^t>>)2-WTi) 

'4. As(l - 2 -wto)2-v/t,) 4. Ajfl - 2-t’'/T,))2-(>-/T3). 


Data obtained on four different subjects bearing on this 
point are given in Table IV. Further analysis of the 
data are possible along the lines of thought of Smith 
and Jforales (17-19) or Tobias (23). These might re- 
sult in better knowledge of the transport mechanisms 
involved. 


TABLE IV 

Constants of uptake 




At 

or 

at 

Ti 

min. 

At i 
and 
ai 

Ts 

ntin. 

Ai 

and 
as I 

Ts 

min» 

H.Y. 

Uptake (117 minutes) 
Desaturation after 20 

.16 

6 

.55 

42 ! 

i 

.29 

320 

26 

minutes^ uptake 
Desaturation after 117 

.49 

6 

.48 

39 

.03 

320 


minutes uptake 

!.23 

i 

1 6 

.67 

142 

L. 

.10 

320 

R. C. 

Uptake (90 minutes) 
Desaturation after 20 

.05 

5 

.40 

'39 

.55 

140 

24 

minutes^ uptake 
Desaturation after 90 

— 


.73 

16 

.17 

140 


minutes uptake 

.09 

5 

.56 

39 

.35 

140 

C. T. 

Uptake 165 minutes 
Desaturation after 30 

.10 

2 

.68 

40 

.22 

1 

315 

25 

minutes uptake 
Desaturation after 165 

.20 

2 

.76 

'17 

1.04 

366 


minutes uptake 

.12 

2 

I 

.78 

40 

i.lO 

315 

E. F. 

Uptake 155 minutes 
Desaturation after 102 

.14 

8 

1.67 

1 

50 

1.19 

i 

250 

21 

minutes^ uptake 
Desaturation after 155 

.27 


'.68 

[ 

147 

'.05 

1 

267 


minutes uptake 

.18 

8 

.73 

50 

j.09 

250 
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TABLE V 


Uptake of krypton gas in the hand 


Name 

Age 

First component 

Second component 

1 

Third component 

Bends ‘ 
suscepti- 
bility 

Amplitude 

HaU time 

Aj 

1 

T, 

Aa j 

Ta 

M. C. 

17 

1 

.19 

minutes 

! ^ 

.66 

minules 

32 

.15 1 

minutes 

100 

r 

E.W. 

18 

.13 

6 

.59 

35 

.28 1 

145 

r 

G.B. 

20 

.17 

5 

.61 

40 

,22 

329 

s 

E. F. 

21 

.14 

8 

.66 

SO 

.20 

315 

s 

S.C. 

21 1 

.06 

4 

.65 

32 

,29 

104 

s 

D. D. 

21 

i 

1 

.14 

13 

.86 

125 

r 

R. G. 

24 

.05 

5 

.40 

39 

.55 

140 

s 

C.T. 

25 


2 

.68 ‘ 

40 

.22 

315 

1 

H.Y. 

26 

.16 

6 

.55 

1 

42 

.29 j 

320 

— 

Average 

21.4 

.11 

4.3 

,54 

■ 

33 

.35 

188 

i 


r = relatively resistant, s = susceptible, i = intermediate. 


Examining the three components in a typical 
uptake curve one might say that the fastest com- 
ponent probably has something to do with the 
inert gas exchange between blood and very vas- 
cularized tissues. The % saturation time (Ti) 
for this component appears to be ^ two to 10 
minutes for the hand. This component of the 
hand curve accounts in intensity for 2 to 15^ of 
the total radioactive gas content. Its rapidity is 
in good agreement with the direct findings of 
Cook and Sears (24) on dogs, and Ferris et al. 
(15) for humans. They find that exchange of in- 
ert gases (krypton in dogs, nitrogen in humans) 
with arterial blood is rapid ; one passage of blood 
through the lungs is enough to empty or fill it 
with gases to 80 to 95^0 of the equilibrium 
value. After a few seconds of transport time the 
arterial blood enters the hand; in its passage 
through the capillaries, it uploads most of the 
radioactive gas to the tissues and returns as 
venous blood empty of gas to the lungs where it 
takes up more. The characteristic of this com- 
ponent is its variability in half saturation time, or 
amplitude ; this is to be expected and further data 
regarding it will be presented below. In the 
knee region this component may be found only 
with a very small amplitude: the amount of dis- 
solved gases in blood at the knee region is small 
compared to the amount dissolved in the water 
and fat, due to the relatively lesser vascularity'. 

The second component of the inert krypton up- 
take has a half saturation time T, between 10 and 
40-50 minutes in the hand and between 35 and 72 
minutes in the knee. The amplitude of this com- 


ponent in a group of young persons varies be- 
tween 50 and 66% of the total for the hand and 
17 and 42% in the knee region. If there were no 
third component, to all practical purposes com- 
plete saturation of the hand would be reached in 
about 90 minutes and 150 minutes in the knee. 

The third component for the hand has 100 to 
320 minutes half time, with the amplitude be- 
tween 35 and 55%. T^ varies between 190 and 
870 minutes in the knee with an amplitude varia- 
tion of 61 to 90%, 

Table V shows a set of hand data taken on dif- 
ferent subjects and Table VI shows the constants 
of the knee region taken on seven subjects. In 
the same tables the susceptibility to decompres- 
sion sickness is shown, as determined in re- 
peated ascents in the decompression chamber by 
standard exercise methods. Though gas ex- 


TABLE VI 

Uptake of krypton in the knee region 


Name 

Ai, Ti: Small j 

Bends 

sufcepti- 

bility 

I 

Age 

j First component 

Second 

component ! 

Aa 

- 

Aa 

Ta 




minutes 


minutes ; 


E.F. 

21 

.41 

60 

.59 

870 * 

S 

G. B. 

20 

.41 

54 

.59 

230 i 

S 

W.C. 1 

21 

.11 

36 

,89 

440 j 

i 

M.Ch. 

23 

.39 

48 

.61 

190 ! 

r 

G.J. , 

19 

.29 

67 

.71 

2/0 1 

I 

S.C. 

21 

.17 

72 

,71 

220 

s 

C.T. 

25 

.43 

SO 

.57 

600 ! 

\ 

Average 

21 

.32 

55 

.64 

400 
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change has a bearing on the development of de- 
compression sickness, there is no obvious correla- 
tion in the data presented. It has been shown 
with other methods that total resting nitrogen ex- 
change has correlation to bends, but also that 
there are other important factors to consider 
{e.g,, state of exercise). 

The gas exchange curves presented in this 
paper are reproducible to a certain extent. This 
conclusion is based on repetitions of the experi- 
ment in four subjects. It would appear that un- 
der identical experimental conditions and with 
less than a month interval between consecutive 
measurements the individual variations of the 
amplitudes and time constants are less than the 
variations in a group of the same age. It is es- 
sential, however, to note that a change in physio- 
logical condition may cause a considerable change 
in the shape of the gas exchange curve, especially 
that of the hand. 

A number of experimental conditions were pro- 
vided to study such changes; these proved valu- 



Fig. 6. Variations in the Hand Uptake Curve of 
A Subject Under Various Environmental 
Conditions 



Fig. 7. Demonstration of Retardation in the Kryp- 
ton Elimination of the Hand During a 
High Altitude Fught 

The rate of elimination returned to normal after return 
to ground level. Note inflexion in the curve. 

able in the interpretation of data. The uptake and 
desaturation curve of radiokrypton was influenced 
easiest in the hand. On subjects with cold hands 
usually a characteristically low gas exchange rate 
was obtained. This phenomenon appears to be 
due to a vasoconstriction of the surface blood 
vessels of the hand. In terms of the exponential 
components of the uptake curve : decreased by 

a factor of three or four (see Figure 6). Dia- 
thermy heating of the hand for 10 minutes with a 
12 meter wavelength machine increased A^ above 
normal, as shown in Figure 6, and it appeared 
to decrease To. Heavy exercise just prior to the 
test (10 minutes of fast bicycle riding) increased 
Ai to about twofold normal. Administration of 
adrenaline (0.5 cc. of 1/1000 adrenaline) had the 
same effect as cold skin temperature. We may 
thus conclude that rapidity of krypton exchange 
reflected the state of the vascular bed of the hand. 
No extensive tests were carried out fgr the knee 
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region ; it was apparent, however, that the 
changes were considerably less in magnitude. 

The rate of radioactive krypton and argon up- 
take was studied in a large group of young sub- 
jects in short, half-hour tests. An index was 
derived from these data and correlated with the 
incidence and severity of decompression sickness. 
It was found that after exposure to low atmos- 
pheric pressure, when the subjects were totally at 
rest in the decompression chamber, the coefficient 
of correlation was very high : those with low gas 
exchange rates got the bends, in contrast to the 
correlation with the incidence of decompression 
sickness after exercise {^e.g.. Tables V and VI) 
when it was low. Since the blood flow or the 
carrying capacity of blood is an important factor 
in the rapidity of the exchange, we attempted to 
see whether in some way this carrying capacity 
could be increased. Since nitrogen and krypton 
are much more soluble in fats and oils than in 
water, it was thought that lipemia occurring some 
two hours after ingestion of a fatty meal might 
help to increase the rapidity of gas exchange, and 
thus relieve the danger from decompression sick- 
ness. Three subjects were given a test of three 
hours duration two hours after ingestion of a 
heavy fatty meal.® The rapidity of gas exchange 
of the hand was not altered in these experiments. 

In view of the correlation found between skin 
temperature of the hand and subsequent develop- 
ment of bends pain we attempted to detect a change 
in the rate of krypton exchange of the hand dur- 
ing decompression chamber tests. Five subjects 
were taken to 35,000 feet equivalent altitude for 
an hour to study the rapidity of krypton desatura- 
tion. All these subjects had breathed pure oxy- 
gen. Three of the subjects were free from bends 
pain: their desaturation curve remained normal. 
One subject, who on many previous occasions in- 
variably developed bends pain in the right shoulder, 
showed definite slowing down of the rate of hand 
gas exchange in the decompression chamber, 
though during his 60 minute stay at high altitude 
he did not have any pain. The fifth subject, whose 
desaturation curve is plotted in Figure 7, had in- 
capacitating bends in his left knee, right shoulder, 
elbow and wrist during the time his gas exchange 
was measured. There was again a definite slowing 

This consisted of one milkshake, 14 Ib. of butter and 
one pint of cream. 


of his desaturation curve in the decompression 
chamber. After reaching normal atmospheric 
pressure, the gas rate of krypton exchange curve 
rapidly reached normal. The changes observed 
fitted quite well with the general conclusions re- 
garding the state of the circulation in decompres- 
sion sickness in a different set of experiments (25), 
but they were not early enough or pronounced 
enough to be suitable for a preselection test. 

It was of some interest to compare the rate of 
gas exchange observed on the hand of the same 
subject using different gases : radioactive nitrogen, 
argon, krypton and xenon. While we are in pos- 
session of some data more work needs to be done. 
The rate of gas exchange as far as components Ti 
and T 2 were concerned seemed to be proportional 
to the solubility of each gas in water, in agreement 
with Jones’ findings for total body uptake. T3, 
however, in the case of xenon appeared to be some- 
what larger than the value predicted from solu- 
bility considerations alone. 

The inert gases dissolved in the body fluids may 
exchange with the external atmosphere through 
tissues other than the lungs. Behnke and his 
collaborators have shown that a small fraction of 
total helium exchange of the body occurs through 
the pores of the skin (13). The mucous mem- 
branes of the intestines, especially those of the 
duodenum, play an important role in the secretion 
of a number of substances. It seemed to be of 
some interest to test the distribution of gases 
through these membranes. The gas was intro- 
duced to the duodenum by a duodenal tube. A 
small fraction of the gas from the duodenum rap- 
idly got into the circulation and appeared in the 
extremities as well as in the exhaled air. A gamma 
ray counter held in one of the subject’s hands re- 
corded the rate of rise of radioactivity in the hand, 
and the concentration in the exhaled air was indi- 
cated by another Geiger counter tube within the 
spirometer. The three curves obtained on three 
subjects indicate that in about 15 minutes the con- 
centration of radioactive gas in the hand reached 
peak value. The curves obtained show wide 
variation when compared with each other, how- 
ever, and it is not certain whether they indicate 
the rapidity of uptake through the duodenal wall 
or whether they also depend on the nature of the 
aggregation of gas bubbles within the intestinal 
space itself. Similar experiments were performed 
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Subject G.W, Age 24 

UPTAKE OF RADIOKRYPTON IN HAND AFTER DUODENAL 
ADMINISTRATION OF THE GAS 
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Fig, 8. Uptake of Radiokrypton in Hand After Duodenal Administration of 

About O.S mc. Krypton 


with the gas administered to the stomach and to 
the large intestines. In these latter cases the up- 
take was not measurable within the first 30 min- 
utes. The rapid exchange of gases from the in- 
testinal tract to the circulation gives good support 
for recent methods of treatment for intestinal dis- 
tention. If such intestinal gas consists mainly of 
nitrogen, then the excess gas will be absorbed by 
the circulation more rapidly if the patients are 
given pure oxygen. After a number of minutes of 
oxygen breathing, the dissolved nitrogen in the 
body becomes unsaturated and the nitrogen uptake 
from the intestines becomes accelerated. Other 
radioactive isotopes may also be used in this way to 
study the rate of exchange through the intestinal 
wall in normal and pathological conditions. 

SUMMARY 

The rate of change of radioactive krypton con- 
centration in the extremities of young male sub- 
jects has been studied. If the subjects breathed a 
constant concentration of radiokrypton, mixed 
with ox)'gen, the uptake and desaturation curves 
could be satisfactorily expressed as the sum of not 
more than three superimposed components, chang- 
ing as the simple exponential function of time. 

Exercise or heating of the hand prior to the 
gas exchange resulted in a generally faster ex- 


change, Vasoconstriction or adrenaline caused 
slower exchange. A fatty meal eaten two hours 
before the krypton exchange had no effect on the 
rapidity of the test. 

The gas exchange of some subjects slowed down 
while at 35,000 feet simulated altitude, breathing 
oxygen. Radioactive krypton, administered via 
stomach tube appeared rapidly in the circulation 
of the extremities and in the exhaled air of the 
lungs. 

The techniques and results reported suggest that 
these radioactive gases have applications in the 
study of the circulation to the extremities in the 
living patient and in numerous problems of gas ex- 
change in normal and pathologic states. 
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Dale in 1906 recognized the sj’nipatholytic ac- 
tivity of crude extracts of ergot as well as their 
property of direct stimulation of smooth muscle, 
including that of the blood vessels (1). Despite 
their sympatholytic effects their direct vasocon- 
strictor action prevented significant lowering of 
arterial pressure. 

Later chemical purification of the crude drug 
resulted in the isolation of five alkaloids; ergot- 
amine (2), ergobasine (3), ergokryptine, ergocor- 
nine and ergocristine (4). The basic chemical 
structure of these compounds was clarified by 
Jacobs and Craig (5) who demonstrated the pres- 
ence of lysergic acid in all of the alkaloids (6). 
By hydrogenating the reducible double bond of 
the lysergic acid component of four of these alka- 
loids, Stoll and Hofmann (7) in 1943 produced a 
new series of compounds, dihydroergotamine, di- 
hydroergocristine, dihydroergocornine (DHO- 
180) and dihydroergokryptine (DHK-ldS).® 
Pharmacological studies in animals (8) indicated 
that these modified compounds have enhanced 
sympatholj'tic and adrenolytic properties but little 
or no direct constrictor action on smooth muscle. 
In addition, they are hypotensive, this effect be- 
ing mediated at least in part via the central nervous 
system (9). In man DHO and DHK in non-toxic 
doses have sympatholytic and hypomnsive pxop- 

^ Supported in part bj’ the Squibb Institute for Medical 
Research, New Brunswick, New Jersey, Sandoz Phar- 
maceuticals, New York, New York, and the Dart Foun- 
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" Fellow, Life Insurance Medical Research Fund. 

■' On leave of absence from the Mary Hitchcock Memo- 
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New Hampshire. 

Hereinafter referred to as DHO and DHK respec- 
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erties (10-12). Because of their possible value 
in the treatment of essential hypertension and 
peripheral vascular disease a further clarification 
of their hemodynamic effects in man was under- 
taken. 

M.-XTERIALS AND METHODS 

The subjects were patients, mostly hypertensive, ad- 
mitted to the wards of the Massachusetts Memorial 
Hospitals. The methods used in this investigation were 
essentially the same as those described in a previous 
communication (13). DHO was administered by in- 
travenous injection in a solution of sterile water con- 
taining 0.5 mg. of active substance per cc. Unless other- 
wise indicated arterial pressure was measured contin- 
uously with a Hamilton manometer (13). 

RESULTS 

1. Sympatholytic Effects 
a. Sympathetic Vasopressor Responses 

Certain vasopressor responses usually abolished 
or diminished after surgical sympathectomy (14) 

TABLE I 


Effect of DHO on the responses to the Valsatva maneuver 


Patient 

Control 

After dihydroergocornine 

Arterial pressure 

Over- 

shoot* 

1 Arterial pressure j 

Over- 

shoot* 

Basal 1 

After 

Valsalva 

1 Ba^al 1 

After 

Valsalva 


mm. Hr 

mm. Hg 

per cent 

mm. Hr 

mm. II g 

per cent 

K. M. 

230/130 

256/140 

10 

184/88 1 

180/90 

1 ° 

F..A. 

310/150 

330/170 

9 

238/114 

216/108 


I.D.t 

246/112 

248/108 

0 

240/110; 230/110 

0 

|.S. 

200/116 

260/154 

31 

I88/IOO; 188/98 1 

0 

M.T. 

180/S5 

192/88 

5 

160/74 

1 I. 50/72 

0 

F. T.t 

220/120 

220/132 

4 

208/105 

j 206/100, 

0 

C.H. 

186/100 

i 264/152 

45 

172/98 

190/110' 


P. P. 

280/150 

i 360/190 

28 

1 208/130, 200/120 

0 

P. R. 

200/128 

244/140 17 

150/100; J30/S0 

0 

M.I. 

192/90 

238/110', 23 

202/92 

! 202/92 

0 

F.S. 

165/100 

1 218/125 

1 

1 

j 142/84 

j 120/80 

0 


* Calculated from the "mean” (one-half the sum of the 
systolic and diastolic) pressure. 

t Following bilateral lumbodorsal splanchniccctomy two 
years (J. D.) and two weeks (F. T.j respectively. 

17 
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DEFORE DIHYOnOERGOCORNINE AFTER DtHYOROEROOCORMlNC 



Fig. 1. Oi’TiCAi. Riccouns oi" tiik Systkmic (Femokai.) and Pui.mon'akv Auteuiai, 
Pressuue during the Vai.sai.va Maneuver Ijekore and Aeter the 
Intravenous Administration oe 0.4 mg. ok Diiivdro- 
ERGOCORNINE IN PaTIENT F. S. 

In the control period there was a marked overshoot of the systemic, Init not the 
pulmonary arterial pressure following the release of the expiratory effort. After 
dihjTlroergocornine the overshoot of systemic pressure was completeh' abolished. In 
the respiratory tracing inspiration is down. 


were completely blocked or definitely inhibited 
after DHO. These included : 

The Valsalva Overshoot 

After the intravenous administration of DHO 
there was complete abolition of the pressor re- 
sponse to the Valsalva maneuver in ten, and 
marked inhibition in one of 11 patients tested 
(Table I, Figure 1). The suppression of this 
vasopressor response developed gradually so that 
complete abolition did not occur until ten to 20 
minutes after the intravenous injection of the drug. 


Malatcnancc of Arterial Pressure During Ortho- 
stasis and the Overshoot on Tiltback 

After DHO three of four patients with uncom- 
plicated essential hypertension manifested varying 
degrees of orthostatic hypotension (Table II) 
while the fourth developed collapse two and one- 
half minutes after being tilted to an angle of 75°. 
Two other hypertensive patients who had under- 
gone lumbodorsal splanchnicectomy (J. D. and 
F. T., Table II) and one normotensive patient 
with hyperthyroidism (Y. C.) had greater postural 
hypotension after than before the drug. In all 


TABLE II 


The effect of DHO on the responses to the upright posture and quick titthack 




Control 



.After DHO 


Patient 

Basal arterial 

.After four minutes in 
upright position 

Tiltback over- 
shoot mean 

Basal arterial 

After four minutes in 
upright position 

Tiltback over- 
shoot mean 


pressure 

Arterial 

pressure 

Increase in 
heart rate 

arterial 

pressure 

pressure 

Arterial pressure 

Increase in 
lieart rate 

arterial 

pressure 


mvi. Hr 

vim. Hr 

per cent 1 

per cent 

mm. Hg 

invi. 11 g 

per cent 

per cent 

V. c.* 

130/68 

126/88 

18 

24 

138/68 

119/55 

11 

0 

J. D.t 

240/110 

208/112 

8 

1 

210/100 

162/100 

6 

0 

iM. T. 

180/85 

185/84 

5 

5 

155/78 

106/82 

0 

0 

F. T.f 

220/122 

175/115 

44 

0 

210/107 

144/80 

28 

0 

E. M. 

203/108 

194/110 

j 

12 

13 

175/100 

107/54 
at two and 
one-half 
minutes 

1 Bradycardia 
(collapse) 

0 

M. 1. 

190/88 

204/94 

2 

14 

192/90 

170/92 

6 

0 


* Hyperthyroidism — normotensive. 
t Post-sympathectomy. 
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TABLE III 


Effect of DHO on the responses to the cold pressor test 



Control 

After dihytlrocrgocornine 

Patient 

Arterial pressure 

. 

Arterial pressure 


Basal 

Peak 
response 
to ice 

In- 

crease'^ 

Basal 

Peak 
response 
to ice 

In- 

crease* 

K. M. 
J.D.t 

M. T. 

J . s . 

C. H. 

M. M. 

I . F . 

C. M. 

N. McK. 

mm. Hg 

218/140 

230/106 

160/80 

186/96 

170/90 

93/74 

113/81 

170/109 

199/129 

mm. Bg 

240/156 

283/126 

195/90 

214/117 

194/104 

132/94 

124/94 

202/122 

228/142 

per 

CCitt 

10 

22 

19 

18 

15 

35 

12 

16 

9 

mm. Hg 
160/82 
234/108 
150/76 
178/91 
150/82 
101/79 
105/79 
155/99 
195/127 

mm. Hg 
170/90 
230/115 
168/80 
188/95 
160/87 
120/94 
112/90 
166/116 
206/138 

P^r 

cent 

7 

1 

10 

5 

7 

19 

9 

10 

7 


*Calculated from the “mean” (one-half the sum of 
systolic and diastolic) pressure. 

t Two years following bilateral lumbodorsal splanch- 
nicectomy. 

cases the vasopressor overshoot which normally 
occurs on tilting quickly from the erect to the 
supine position was completely abolished by the 
drug. 

The Cold Pressor Response 

This response, which is inhibited after dibena- 
mine (15), tetraethylammonium chloride (16), 
continuous caudal (17) and high spinal anesthesia 
(18), was partiall}'- inhibited in all nine patients 
tested after as compared with before the adminis- 
tration of DHO (Table III). 

b. Digital Tlieriuoiiietric and Plethysnwgraphic 

Responses 

Of six patients examined in a room maintained 
at 72° F only one exhibited a significant rise in 
the temperature of the fingers and toes following 
the drug. On decreasing the room temperature 
to 68° F the temperature of the digits in this sub- 
ject fell precipitously to below pre-drug levels. 
By contrast in three cases e.xamined at a room 
temperature of 78° F after a control period of more 
than one hour the intravenous injection of DHO 
was followed by marked elevations of skin tem- 
perature in the digits. Thus, vasodilatation as in- 
dicated by rises in skin temperature following 
DHO appeared to be weak and to depend partlv 
on the temperature ot the environment. 


Digit plethysmograms were recorded in four 
patients before and after DHO 180. The pulse 
volume in both fingers and toes increased after the 
drug in all four cases, and in three increased 
markedly. Re-examination of one of these pa- 
tients seven hours after the drug had been adminis- 
tered revealed a persistence of the marked increase 
in pulse volume (Figure 2). Reflex vasoconstric- 
tions to “noxious” stimuli (ice, deep breath) rvere 
abolished in one case, inhibited in one (Figure 2), 
and unaffected in one case. In the remaining sub- 
ject reflex vasoconstrictions after ice, but not after 
deep breath, were abolished. The normal phasic 
variations in digital volume were not significant!}' 
inhibited in any one of these subjects. 

II. Blood Flow Through Various Areas 

Blood Flozv Through the Forearm and Leg 

The changes in blood flow in the limbs with the 
circulation to the hand and foot e.xcluded (13) 
were determined before and after the intravenous 
administration of DHO in 11 hypertensive patients 
and three normotensive subjects. In the six pa- 
tients who exhibited the greatest reduction in ar- 
terial pressure (Table IV), the mean decrease in 
arterial pressure was 10.9 per cent while the mean- 
increase in blood flow was 21.3 per cent in the 
forearm and 10.8 per cent in the leg. Thus, 
peripheral resistance usually was definitely de- 
creased in this group. 

However, the average changes in the hyper- 
tensive group as a whole were not as marked. 
The mean blood flow in the forearm increased 
slightly (8.3 per cent), from 3.44 cc. per 100 cc. 
limb volume (range 1.68 to 6.51 cc.) to 3.66 cc. 
(range 1.43 to 7.80 cc. [Table V]). In the leg 
the mean blood flow also increased 5.4 per cent, 
from 3.31 per 100 cc. limb volume (range 1.94 to 
5.61) to 3.44 cc. (range 1.66 to 6.20 cc.). The 
mean arterial pressure exhibited an average de- 
crease of 8.7 per cent (range 1.3 to 19.4 per cent). 

Although in most instances peripheral resistance 
decreased there were certain exceptions. In some 
cases, the blood flow decreased as the arterial pres- 
sure fell. Frequently, the maximum increase in 
blood flow in the extremities occurred before or 
after the arterial pressure reached its minimum, 
and blood flow changes in the forearm and leg 
often did not occur .synchronously or even in the 
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TAHI.IC IV 


Detailed data on effects of dihydroergocorniiic on the arterial pressure and the blood flme in 
forearm and leg of the patients udio exhibited significant reductions in arteria' pressure 


Case 

no. 

Patient and diagnosis 

Sex 

Age 

Dose 

Control 

After DUO. ISO 

Arterial 

pressure 

Ulood How 
ec./lOO rc. 
limb volume 

Time 

after 

drug 

Arterial 

pressure 

Maximum 
per rent 
cliange in 
mean arte- 
rial pres'iiire 

lllood flow 
cr./KK) re. 
liml) volume 

Per rent change 
in iiiood How 

Arm 

Leg 

.Arm 


.\rni 

i.eg 





inn. 

linn. Hr 


■ 


vim. Uk 



■ 


B 

■i 

1 

L. K. 

F 


0.3 

176/150 

2.03 


7 

167/132 

— 

3.27 

H 


B 



Essential 




187/154’ 

3.31* 


35 

163/112 

-19.4 

3.08 

B 


■It 

WBM 


hypertension 






H 

90 

166/119 

— 

3.67 

H 


m 

Hi 

2 

A. D’l. 

M 

58 

0.4 

239/137 


4.18 

s 

211/118 

— 

5.32 

4.97 

+ 

11.3 

-F 7.8 


Essential 




238/129 

4.62 

4.58 

11 

213/115 

-10.9 

5.47 

5.11 

+ 

14.4 

4-10.9 


hypertension 




239/129* 

4.78* 

4.61* 

— 

— 

— 

— 

— 


— 

— 


malignant phase 















3 

C. M. 

F 

55 

0.25 

175/110 

1.89 

2.50 

6 

163/99 

— 

1.51 

2.20 



10.1 

-10.6 


Essential 







17 

157/101 

— 

1.43 

7 97 

— 

14.9 

- 9.8 


hvpertension 




169/102 

1.82 

2.46 

30 

155/95 

-10.4 

1.52 

2.18 

— 

9.5 

-11.4 









53 

155/98 

— 

2.02 

2.76 

+ 

20.3 

4-12.2 





0.25 at 


1.68* 

2.46* 

63 

152/96 

-11.1 

1.97 

2.94 

4- 

17.3 

4-19.5 





34 min- 




74 

155/99 

— 

1.67 

2.52 

— 


4- 2.4 





utes 












4 

L. LeL. 

M 

48 

0.3 

160/94 

2.39 

2.41 

7 

141/90 

— 

2.39 

1.88 

+ 

6.7 

-17.5 


Essential 







12 

139/88 

— 

2.38 

1.66 


6.3 

— 27.2 


hypertension 




147/96* 

2.24* 

2.28* 

26 

135/87 

- 8.6 

2.12 

1.70 

— 

5.4 

-25.4 









44 

141/91 


2.28 

1.74 

+ 

1.8 

-23.7 

5 

L. LeC. 

M 

48 

0.3 

243/129 

2.53 

2.76 

7 

227/128 

- 8.3 

2.86 

3.35 

+ 

35.6 

4-39.0 


Essential 







12 

238/133 

— 

3.58 

3.96 

4- 

69.7 

4-64.3 


hypertension 




250/129 

2.03 

2.27 

29 

228/127 

— 

3.86 

3.85 

4- 

83.0 

4-59.8 





0.15 at 

252/135* 

2.11* 

2.41* 

39 

231/127 

- 7.5 

4.38 

4.38 

4-107.7 

4-81.8 





32 min- 




44 


- 7.5 

4.67 

4.48 

4-121.2 

4-85.9 





utes 




60 


— 

5.01 

4.68 

4-138.0 

4-94.2 

6 

R. I. 

F 

39 

0.3 


2.33 

1.86 

5 

175/105 

— 

1.86 

1.89 




- 2.6 


Essential 







25 

153/97 

- 7.4 

2.19 

1.90 

— 

0.9 

- 2.1 


hvpertension 




168/105 

2.31 

1.99 

47 

153/97 

- 7.4 

2.55 

2.16 

4- 

15.4 

4-11.3 






169/101* 

2.21* 

1.94* 

62 

155/97 


3.09 

2.28 

4- 

39.8 

4-17.5 


* Last control determinations. Post-drug per cent changes in mean arterial pressure and blood flow are calculated 
from these data. Values for maximum per cent change in mean arterial pressure correspond with other post-drug data 
on same line. 


same direction. Similar inconstant changes in 
blood flow were observed in three normotensive 
subjects (Cases 12-14, Table V). 

Estimated Hepatic-Portal Blood Flozu 

The eflfect of DHO on the estimated rate of 
hepatic-portal blood flow was studied in four hyper- 
tensive patients (Table VI), all of whom reacted 
with substantial reductions in arterial pressure. 
In the first patient (F. A.) blood flow was re- 
duced in each of the first three measurements after 
DHO. but in the fourth had returned to the con- 
trol range despite a continued moderate reduc- 
tion of pressure. The second patient (J. C., 


Table VI, Figure 3), five minutes after receiving 
DFIO, had a blood flow rate still within control 
range in the presence of a considerable reduction 
in arterial pressure, but in all five subsequent ob- 
servations during the ensuing 88 minutes had a 
proportionately greater reduction in flow than in 
pressure. The third patient (C. B.) resembled the 
first, while the fourth (C. R.) was similar to the 
second, except that at 24 and 36 minutes after 
DHO was given he developed collapse with a 
blood pressure of 86/50 mm. Hg. There was a 
spontaneous recovery and the pressure became 
stabilized at approximately 104/60 mm. Hg. 
When the effects of DHO had been observed for 
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more than an hour in tliis patient, an intramuscular 
injection of ephcdrine sulfate (33 mg.) was given 
and was followed by an increase in both hepatic- 
portal blood flow and arterial pressure (Table VI). 

All four experiments demonstrated striking re- 


ductions in hepatic-portal blood flow following in- 
jection of DHO, the maximal fall from the average 
control level being 37, 73, 61, and 58 per cent, re- 
spectively. These were greater than the correspond- 
ing reductions in arterial pressure of 23, 20, 33. 




Fic. 2 

Optical records, above, of the changes in the antccubital venous pressure, bracliial 
arterial pressure and finger and toe plethysmograms following the intravenous admin- 
istration of 0.4 mg of dihydroergocorninc in patient .-y. A. Following the drug a 
marked increase in the pulse volume of both finger and toe occurred which was still 
evident after seven hours. The antecubital venous pressure rose and e.xhibited an 
increase in arterial pulsations. 

The lower tracing also illustrates the increase in pulse volume of the finger .and toe 
plethysmograms and, in addition, shows the inhibition of the reflex responses to a deep 
breath and the application of ice to the forehead after 0.4 mg. of dihydroergocorninc in 
patient E. K. 
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and 29 j^er cent, respectively. Vascular resistance 
appeared to he unchanged or increased in the 
presence of a reduced level of arterial ])ressure in 
16 of 19 observations on the effects of this drug, 
suggesting that “splanchnic" arteriolar dilatation 
was not an important factor in the hypotensive 
response. 

Renal Blood FIoiv 

Of the five hypertensive patients examined two 
exhibited marked reductions in arterial jn'essure 
following DHO (F. A. and K. M., Table VIT. 
Figure 4) and three had moderate reductions. In 
patient F. A. the arterial pressure fell suddcnl}- 
from 300/150 to 167/90 over a period of three and 
one-half minutes after the drug. This sudden hy- 
potensive response was accompanied by a marked 


fall in renal plasma flow from 300 to 90 cc. per 
minute. Mowever, tlie renal jilasma flow returned 
to control values during the next ten minutes de- 
spite only jurtial return of the arterial pressure. 
The changes in renal plasma flow followed a sim- 
ilar pattern in jiatient K. M.. while in the re- 
maining three ])atients, in whom arterial pressure 
changes were not marked, the renal plasma flow 
dccrea.sed slightly, remaining somewhat depressed 
in two and increasing in the other after 25 minutes 
to approximately control levels. Thus, in all five 
cases renal plasma flow decreased initially; it re- 
mained slightly depressed in two and returned to 
approximately control values in three. 

It is of interest that in subject F. A. both renal 
and hepatic-])ortal blood flow rates were estimated 


DHO 0?5MG IV PATENT J.D 



Fig. 3. Chart of the Changes in Estimated Hepatic-Portx\l Blood 
Flow, Arterial Pressure and Heart Rate (Hamilton) Before 
AND After the Intravenous Administration of 0.35 iviG. 

OF DHO IN Patient J. C. 

Five minutes after DHO during a sudden reduction in arterial pressure 
the hepatic-portal flow was maintained indicating a decrease in peripheral 
resistance. Following this initial period, however, the hepatic blood flow fell, 
gradually returning toward control values 85 minutes after the drug was 
administered. Calculated “crude peripheral resistance” remained increased 
following the initial period. 
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35 
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M 
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0.4 
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M 
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0.25 
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TAHLR Vr 

Effects of diltydrocrgoconihic on estimated hepatic-portal hlood flow 


Patient 

Sex 

.Age 

Control period 

.After intravenous diliydroergncorninc 

Arterial blood 
pressure 

n 

Dose 

Time after 
drug adminis- 
tration 

Arterial blood 
pressure 

E. 11. I!. E. 

Chance in 
rrude re.^^isl- 
anee* 





ihI. per mill, per 




ml. per min. per 





III II! . Ur 

1.73 s<i.m. 


minutes 

Him. Ur 

1.73 sq.m. 


F. A. 

M 

59 


1457 

0.40 

3 

277/140 

1319 

0 





1601 


12 

235/120 

965 

+ 




■■■■ 



23 

2.34/115 

1202 

0 


i 


■■ 



33 

12b IWG 

1.301 


J. c. 

M 

58 

185/95 

2240 

0.35 

5 

132/79 

1777 





180/89 

1765 


14 

132/92 

1172 

-f 




168/83 

1445 


38 

126/69 

808 

-f 







53 

132/81 

483 

+ 







87 

142/85 

1247 

+ 







93 

154/89 

844 

+ 

C. B. 

F 

53 

260/158 

1162 

0.30 

5 

205/124 

806 

0 

i 



267/162 

953 


10 

172/111 

418 

+ 







30 

164/108 

.394 

-f- 







42 

160/100 

471 

+ 

C. R. 

M 

50 

176/100 

1163 

0.25 

3 

1. 34/85 

860 

0 




176/100 

910 


7 

142/85 

758 

0 




170/101 

874 


20 

118/75 

441 

+ 







35 

93/53 

766 

— 






+ 1 

60 

108/62 

690 

0 






T 1 


135/81 

726 

0 








152/88 

1070 



* Change is recorded as positive or negative values above or below the range of resistance values observed during 
control period. Variation within control range = 0 change. Crude resistance = average arterial pressure E.H.B.F. 
t Ephedrine sulfate (33 mg.) was injected intramuscularly at 65-J minutes after the injection of dihydroergocornine. 


during a single experiment (Tables VI and VII, 
Figure 4). The marked fall in average renal 
blood flow for the first ten minute period of urine 
collection after injection of DHO, which included 
the time of sudden fall in arterial pressure, has been 
noted above. Hepatic-portal blood flow apparently 
fell similarly, but it was not measured at the time 
of greatest hypotensive response. However, in 
the second period, when renal blood flow was com- 
pletely restored, hepatic-portal blood flow was 
greatly reduced ; though it subsequently increased 
gradually, to regain the control level 32 minutes 
after administration of the drug. 

III. Renal Function 

Glomerular filtration rate usually paralleled the 
changes in renal plasma flow (Table VH, Figure 
4). As a consequence there was little change in 
the filtration fraction. The most consistent change 
was in the urine flow which uniformly decreased 
and remained well below control values, even when 


the glomerular filtration rate and renal plasma flow 
had returned to pre-drug levels. 

IV. Cardiac Output, Mean Arterial Pressure and 
Total Peripheral Resistance 

Changes in the cardiac output (catheterization 
method) in systemic arterial pressure (Hamilton 
method) and pulmonary arterial pressure were 
determined in two hypertensive and two normo- 
tensive subjects before and after the administration 
of DHO (Table VHI). In tbe two hypertensive 
subjects following the injection of 0.30 and 0.40 
mg. of DHO intravenously the mean arterial pres- 
sure fell 21 and 10 per cent, while the cardiac 
output increased 6 and 14 per cent, respectively. 
As a result the total peripheral resistance fell 25 
and 20 per cent, respectively. 

Whereas the hypertensive patients were stud- 
ied only in the supine position, the two normoten- 
sive subjects were tested in both the supine and 
semi-erect positions (tilted upright to an angle of 
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OHO 0.4 MG I.V/ PATOfT F.A. 



Fig. 4. Chart of Effective Renal Blood Flow, Glomerular Filtra- 
tion Rate, Filtration Fraction, Urine Flow, Arterial Pres- 
sure AND Pulse Rate Before and After the Intravenous 
Injection of 0.4 mg. of DHO in Patient F. A. 

In the initial period there was a decrease in renal blood flow, glomerular 
flltration rate and urine flow associated with a reduction in arterial pres- 
sure and pulse rate. However, ten minutes after DHO, renal blood flow 
and glomerular filtration rate returned to control values despite continued 
significant reduction in urine flow, arterial pressure and pulse rate. 


th two normotensive subjects, in 

e supine position, the changes following the drug 
vere qualitatively similar to those observed in the 
^ypertensive subjects. After DHO, the mean 
suecF^ P^^ssure decreased 12 and 7 per cent, re- 
ner ^rdiac output increased 11 and 3 

?l ^°tal peripheral resistance fell 

and 10 per cent. 

cantlv*”^”^^ arterial pressure was not signifi- 
In the DHO in any of the subjects. 

position one of the normotensive 
0 crated the 30° tilt for the five minute 


test period without discomfort. Whereas before 
the drug the mean arterial pressure rose during 
the tilt, after the drug it fell (postural hypoten- 
sion). When the table was tilted to 30° the car- 
diac output fell both before and after the drug, 
but more so after, and in both instances the total 
peripheral resistance rose. Thus, in this subject 
the postural hypotension appeared to be associ- 
ated with a diminished cardiac output. The sec- 
ond normotensive subject (E. R., Table VIII) 
was not able to tolerate the 30° tilted position after 
the drug and developed early signs of collapse in- 
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TABLE WI 


Effect of dihydrocrgocorninc on renal plasma flow^ glomerular 
filtration rate, filtration fraction and urine volume 


Patient and 
diagnosis 

Sex 


Control 

After dihydrocrgocnrnine 

Age 

Arterial 

pressure 

Plasma clearance 

Filtra- 

tion 

frac- 

tion 

Urine 

volume 

Dose 

Time after 
drug ad- 
ministra- 
tion 

Arterial 

pressure 

Plasma clearance 

Filtra- 

tion 

frac- 

tion 


Inulin 

PAH 

Inulin 

PAH 





cc. per 

ec. per 






cc. Per 

ec. per 







mifu 

viin. 






min. 

mtn. 







per 1.73 

per 1.73 


ec. per 




per 1.73 

per 1.73 


cc. per 




mm. IJg 

SQ,m, 


per cent 

min. 

mg. 


mm. Ilg 

jff.m. 

s^.m. 

per cent 

min. 

F. A. 

M 

59 

308/156 

68,0 

299 

22.7 

8.55 

0.4 

3.5 

167/90 

21.8 

90 

24.3 

2.0 

Essential 



302/153 

64.5 

320 

20.2 

9.15 




60.0 

298 

20,1 

2.0 

hypertension 









12 


62.5 

314 

19.9 

2.3 










22.5 

TrfiTfr 

58.3 

296 

19.7 

2.0 










32.5 

iiliti 





R. D. 

M 

49 

mm 

76.4 

369 

20.7 

7.16 

0.37 

4 


58.8 

265 

22.2 

3.81 

Essential 



194/106 

86.1 

344 

23,7 

6.38 


15 

MW 


256 


3.335 

hypertension 









23.5 

176/96 

54.2 

230 

23.6 

1.04 

j tr 









36.5 

176/98 

86.0 

347 

24.8 

2.19 










51 


76.2 

312 

24.4 

2.645 

M. G. 

M 

49 

220/i22 

130 

510 

25,5 

9.9 

BE B 

4 


97.5 

518 

18.8 

7.8 

Essential 



222/122 

143 

680 

21.0 

9.43 

EEB 

15 


116.5 

569 

20.5 

9.38 

hypertension 








at SIX 

17 

200/116 

108 

418 

25.8 

3.99 









minutes 

42 

196/120 

112.8 

488 

23.1 

2.49 

W. W. 

M 

20 


95,2 

605 

16.2 

1.045 

0.25 

1.5 

144/96 

102.5 

492 

20.3 

0.69 

Essential 



re!i«gl 

91.7 

540 

17.4 

0.875 

0.25 

7 

126/88 

65.0 

300 

21.1 

0.4 

hypertension 








at eight 

16 

138/92 

86.1 

453 

18.5 

0.7 




■i 





minutes 

31 

136/90 

97.2 

482 

19.7 

0.67 

K. M. 

F 

52 

178/88 

76.5 

383 

20.0 

1.76 


3 

170/88 

103.5 

392 

26.4 

2.2 

Essential 









12 

142/80 

68.5 

270 

25.4 

0.625 

hypertension 








0.30 

42 

135/80 

42.0 

212 

19.8 

0.42 










60 

155/82 

94.0 

367 

25.6 

1.25 


TABLE VIII 


Effect of DHO on blood pressure, pulmonary arterial pressure, 
cardiac output and total peripheral resistance 


Patient and 
diagnosis 

Sex 

Age 

Control 

After DHO 

Mean 

arterial 

pressure 

Cardiac 

rate 

Pulmon- 
ary ar- 
terial 
pressure 

Cardiac 

output 

Total 
periph- 
eral re- 
sistance 

Dose of 
DHO 

Time 

after 

drug 

Mean 

arterial 

pressure 

Cardiac 

rate 

Pulmon- 
ary ar- 
terial 
pressure 

Cardiac 

output 

Total 
periph- 
eral re- 
sistance 

J. H.. 
Essential 
hypertension 

M 

40 

mm. Hg 

132 

132 

• per 
miiuiie 

83 

80 

mm. Hg 
31/13 
31/6 

liters 

per 

minute 

6.65 

6.35 

dynes cm, 
S-'Sec, 

1590 

1670 

mg. 

I.V. 

0.30 

minutes 

9 

23 

mm. Hg 

104 
! 105 

per 

1 minute 

\ 78 

76 

mm. Hg 

33/15 

28/6 

liters 

per 

minute 

6.28 

7.53 

dynes cm. 
5-scc. 

1320 

1120 

F. S. 
Essential 
hypertension 


58 

130 

133 

93 

95 

31/8 

31/12 

7.01 

6.61 

1480 

1610 

0.40 

H 

124 

114 

83 

83 

33/14 

28/13 

8.59 

6.94 

1160 

1320 

F. M. 

Normotensive 
primary syph- 
ilis treated 

M 

21 

104.8 

108.6 

117 

117 

m 

7.36 

7.08* 

1150 

1230 

0.25 

5 

15 

98.0 1 
82.8 

j 

106 

111 

17/9 

27/10 

7.60 

6.12* 

1030 

1070 

E. R. _ 
Normotensive 
primary syph- 
ilis treated 

M 

21 

104.3 

100.2 

71 

95 

30/11 

38/21 

5.90 

6.13* 

■ 

0.25 

9 

27 

90.7 

87.8 

73 

88 

29/13 

28/11 

6.55 

9.20t 

1105 

765 


* Patient tilted upright 30®. 

t Patient tilted upright 20° (Recovering from collapse which had occurred at 30° upright). 






























































































































HEMODYNAMIC EFFECTS OF WHYDROERGOCORNINE IN MAN 


1397 


eluding weakness and sweating. He was tilted 
back to an angle of 20'’, a position he could tolerate, 
and the determinations were then carried out. 
The mean arterial pressure fell slightly from 91 
mm. supine to 88 mm. Hg during the 20° tilt, but 
the cardiac output increased markedly from 6.55 
liters at 0° to 9.2 liters per minute at 20°. Since 
the patient was recovering from incipient collapse 
during this period the increase in cardiac output 
may have been associated with compensatory re- 
actions occurring with the recovery. 

V. Other Effects 

Heart Rate 

A decrease in heart rate following DHO was 
noted in the present cases as well as in subjects 
studied previously (10, 11, 19) (Table VIII, Fig- 
ure 4) . In addition, the reduction of arterial pres- 
sure in the erect position after DHO, unlike that 
after lurabodorsal splanchnicectomy or the ad- 
ministration of tetraethylammonium, was not ac- 
companied by tachycardia (Table II). 

The bradycardia was only partially abolished 
by the administration of doses of atropine sulfate 
which ordinarily produce significant tachycardia in 
man (0.75 to 1.0 mg. intravenously). In four pa- 
tients in whom atropine was injected following 
DHO the acceleration of heart rate varied from 6 
to 19 beats per minute. In no instance was the 
administration of atropine followed by definite 
tachycardia. 

The Response to Venous Congestion of the 
Extremities 

Investigations in this laboratory (20) have dis- 
closed that drugs which cause postural hypotension 
may cause similar hypotension and collapse in pa- 
tients who are supine when the venous return from 
the extremities is compromised by inflating at 
slightly below diastolic pressure pneumatic cuffs 
placed proximally about the thighs and one upper 
arm. 

Prior to the drug three hypertensive subjects 
tolerated such congestion of the extremities for 
five minutes with no significant alterations in ar- 
terial pressure. However, after 0.5 mg. of DHO 
intravenously two of the three subjects developed 
hypotension, bradycardia and collapse between 
four and five minutes after the application of sim- 


ilar congesting pressures to the same regions. The 
significance of these results with respect to the 
mechanism of the collapse and the effects of other 
drugs will be reported in another communication 
( 20 ). 

Effect of DHO and DHK on the Response to the 

Intravenous Admmistration of Epinephrine 

The dihydrogenated alkaloids of ergot are re- 
ported to inhibit the pressor response to epineph- 
rine in the anaesthetized experimental animal (8). 
Similarly in unanaesthetized animals (8) and 
man (11), DHK may block the hyperglycemic 
response to epinephrine. 

The adrenolytic properties of DHO and DHK 
on cardiovascular functions were investigated by 
the use of gradually increasing intravenous doses 
of epinephrine instantaneously injected. As noted 
previously in this laboratory (21), the character- 
istic response to minimal (0.5 to 1 fig.) doses of 
epinephrine thus administered is mainly depressor 
and is accompanied by cardiac acceleration and 
a slight increase in the antecubital venous pres- 
sure. After slightly larger doses of epinephrine the 
depressor response, while still present, is fol- 
lowed by a later pressor phase which increases in 
magnitude and duration with the dose of epineph- 
rine. 

Both DHO and DHK inhibited the depressor 
phase when single doses of 0.5 to 1.0 fig. of 
epinephrine were administered intravenously 
(Table IX). The inhibition was least evident in 
the response of the arterial pressure, more ap- 
parent in the heart rate, and most evident in the 
response of the venous pressure. However, with 
increasing doses of epinephrine (2 fig.) inhibition 
of the depressor phase was not consistent. Fur- 
ther, in the pressor phase of the epinephrine re- 
sponse the rise in arterial pressure was not signifi- 
cantly altered by either DHO or DHK, although 
the tach 3 ’cardia and rise in venous pressure were 
slightly inliibited. Thus, in contrast with the re- 
sults obtained in experimental animals (8), the 
dihydrogenated alkaloids of ergot in the doses 
used appeared to have only slight adrenolytic ac- 
tivity with respect to these cardiovascular functions 
in man. It is of interest, however, that in a pa- 
tient with pheochromocytoma both a continued 
hj'pertension as well as a marked pressor reaction 
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TABLE IX 

Effect of DHK or DHO on depressor and pressor phases following 
intravenous administration of small doses of epinephrine 


Patient and dose 
of epinephrine 

Control 

After DHK or DUO 

Mean arterial 
pressure* 
per cent change 

Heart rate 
per cent 
change 

Venous prcssurct 
per cent change 

Mean arterial 
pressure* 
per cent cliange 

Heart rate 
per cent 
change 

Venous pressure 
per cent cliange 

Depressor phase 







C. P, 







(l.S mg. DHK I.V.) 







2.0 Mg. 

-22 

+24 


-18 

+ 5 


2.0 Mg. 

-12 

+ 9 


-22 

+ 10 


4.0 Mg. 

-10 

+29 


-11 

+27 


F. G. 







(1.5 mg. DHK I.V.) 







0.5 Mg. 

-11 

+ 16 

+ 5 


0 

0 

1.0 Mg. 

-16 

+22 

+ 5 

-14 

+ 5 

0 

2.0 Mg. 

-23 

+30 

+12 

-22 

+22 

0 

5.0 Mg. 

-16 

+41 

+18 

-18 

+38 

+11 

8.0 Mg. 

-14 

{ +29 

+16 

-17 

+36 

+10 

M. H. 







(0.3 mg. DHO I.V.) 







0.5 Mg. 

-14 

0 


- 2 

0 


1.0 Mg. 

-12 

+ 10 


- 3 

+ 7 


2.0 Mg. 

-11 

+20 


-10 

+ 13 


4.0 Mg. 

-16 

+33 


-11 

+36 


5.0 Mg. 

-15 

+29 

i 

- 6 

+20 


10.0 Mg. 

- 9 

-}“40 


- 9 

+40 


Fressor phase 






i 

C. P. 







(l.S mg. DHK I.V.) 







2.0 Mg. 

-pio 

+17 


+ 5 

0 


2.0 Mg. 

+ 4 

+ 5 


+ 3 

0 


4.0 Mg. 

-flO 

+11 

I 

+ 12 

+ 5 


F. G. 







(1.5 mg. DHK I.V.) 







0.5 Mg. 

0 

0 

0 

0 

0 

0 

1.0 Mg. 

0 

0 

0 

0 

0 

0 

2.0 Mg. 

0 

+ 7 

+ 6 j 

0 

i + ^ 

0 

5.0 Mg. 

+ 5 

+ 14 

+12 

+ 7 

i + 3 

+ 5 

8.0 Mg; 

+ 4 

+ 10 

+ 6 

0 

0 

+ 5 

M. H. 







(0.3 mg. DHO I.V.) 







2.0 Mg. 

0 

0 


+13 

0 


4.0 Mg. 

+ 6 

0 


+13 

0 


5.0 Mg. 

+ 3 

+ 5 


+ 9 

0 


10.0 Mg. 

+ 12 

+ 5 


+17 

+ 5 



* One-half the sum of the systolic plus the diastolic pressure 
brachial artery. 

t Hamilton manometer recordings from the antecubital veins. 


Hamilton manometer recordings from the 


to the histamine test were promptly relieved by in- 
travenously injected DHK (22). 

Since it has been suggested that the pressor and 
cardio-accelerator responses to emotional stimuli 
may be due at least in part to epinephrine dis- 
charge (23) it was considered of interest to de- 


termine the effect of the emotional stimulus of a 
problem in mental arithmetic on the arterial pres- 
sure before and after DHO. Of three patients 
tested the pressor response was reduced in two 
after as compared with before DHO, while the ac- 
celerator reaction was reduced in all. These re- 
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suits must be interpreted with caution, however, 
since such stimuli tend to lose emotional impact on 
repetition. 

^'Vascular Dislensihility‘’ in the Extremities 

At intervals during the studies of limb blood 
flow the “vascular distensibility” (increase in vol- 
ume during graded venous congestion) in the 
forearm and leg was determined in 14 subjects 
according to the method of Litter and Wilkins 
(24). In almost all cases there was a significant 
decrease in the vascular distensibility, which oc- 
curred more consistently than any of the changes 
in limb blood flow, but did not correlate with either 
the fluctuations in arterial pressure or the blood 
flow. The significance of these findings will be 
discussed elsewhere (24). 

Venous pressure in the antecubital vein, re- 
corded in four subjects with a Hamilton manom- 
eter, rose 1 to 4 mm. of mercury, after DHO. 
The marked increase in peripheral venous pres- 
sure during the Valsalva maneuver was also con- 
siderably greater after as compared with before 
DHO. In addition, arterial pulsations became 
more prominent in the antecubital venous record- 
ings after the drug (Figure 2). 

DISCUSSION 

This investigation supplied additional evidence 
confirming the conclusions of Bluntschli and Goetz 
( 10) that DHO has sympatholytic effects in man. 
It disclosed that DHO not only inhibits vaso- 
constriction in the extremities, but also depresses 
vasopressor responses mediated over sympathetic 
pathways. 

The bradycardia which frequently follows the in- 
jection of the dihydrogenated ergot alkaloids also 
appeared to be due in part to inhibition of the sym- 
pathetic cardio-accelerator mechanism, since after 
DHO doses of atropine sufficient to inhibit vagal 
influence on cardiac rate failed to produce signifi- 
cant tachycardia. In contrast to their apparent 
sympatholytic effects, the dihydrogenated alkaloids 
in the doses used had only slight adrenol}'tic prop- 
erties so far as the immediate cardiovascular re- 
actions to injected epinephrine were concerned. 
Such evidence suggests that the circulatory 
changes obsen^ed in the present studies in man 
may have been due to tlie central action rather 


than the peripheral sympathetic-blocking effects 
of these drugs (8, 9). 

The fall in arterial pressure following DHO, ex- 
cept in the semi-erect position, %vas associated with 
maintenance of cardiac output, and, hence, with a 
decrease in total peripheral resistance. The main- 
tenance or slight increase in cardiac output may 
have been influenced by any one or a combination 
of the following factors: 1) the maintenance of 
right cardiac filling pressure as evidenced by the 
rise in peripheral venous pressure and unchanged 
pulmonary arterial pressure, 2) the cardiac slow- 
ing which permitted more effective diastolic filling, 
and 3) the diminished peripheral resistance. A 
similar hemodynamic response was observed after 
veratrum viride (13), the action of which also in- 
volves the vascular centers in the nervous system. 
Such a response is in marked contrast to that 
caused by certain peripherally acting vasodilators 
such as sodium nitrite after which cardiac output 
falls in association ivith compensatory tachycardia 
and a decrease in venous and pulmonary arterial 
pressure (25), 

Although total peripheral resistance decreased 
uniformly after DHO the pattern of blood flow in 
discrete peripheral areas exhibited marked fluctu- 
ations. In the renal area the blood flow decreased 
early, but later increased to or toward control val- 
ues, Blood flow in the muscles usually increased 
and in the splanchnic area usually decreased, but 
these changes were inconstant. Thus, peripheral 
resistance in different regions might increase, de- 
crease, or vary from one direction to the other 
during a reduction in blood pressure. In this re- 
gard it is of interest that Hafkenschiel and his co- 
workers (26) found that cerebral vascular resist- 
ance was reduced after DHO in hypertensive, but 
not in normotensive subjects. 

This lack of uniform response may indicate 
that the hypotensive effects of the drug had called 
forth counteracting mechanisms ; or that the drug 
itself had multiple effects, including opposing ac- 
tions on the blood vessels. The constrictor action 
on arteriolar muscle that is exhibited by the na- 
turally occurring ergot alkaloids is said to be mini- 
mal with the dihydrogenated derivatives in animals 
(8), and in the digits of man (10). How- 
e%*er, it is possible that in the muscular and hepatic- 
portal areas of man the direct ■vasoconstrictor 
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effect may become active and at times may be oc- 
casionally dominant. 

Either hypothesis, 1 ) activation of compensa- 
tory vasoconstrictor mechanisms, or 2) multiple 
opposing actions of the drug, could explain not 
only the variable changes in blood flow in the 
splanchnic bed and muscles, but also the apparent 
failure of DHO to bring about a hypotensive re- 
sponse in certain patients despite evidence of in- 
hibition of sympathetic reflex vasoconstriction 
(11). The possibility that the hypotensive effect 
of the drug may be due to some property other 
than a sympatholytic action also cannot be ex- 
cluded. 

The only peripheral areas studied which mani- 
fested a consistent pattern of vasodilatation were 
the hands and feet when the subjects were ex- 
amined in a warm room. A decrease in peripheral 
resistance was manifested by a rise in skin tem- 
perature, an increase in pulse volume, and by the 
presence of arterial pulsations in the venous pres- 
sure recordings taken from the antecubital vein. 
The rise in antecubital venous pressure after DHO 
in all probability was secondary to the increased 
arterial inflow, resulting from the local arteriolar 
vasodilatation without a correspondingly increased 
venous outflow. The increased pulsation in the 
veins could have been due partly to transmission 
from neighboring arteries across intervening tis- 
sues. However, this seems unlikely since 1 ) the 
pulse in the larger arteries, such as the brachial 
and radial, became less, rather than more bounding 
after the drug, 2) the increased pulsation also was 
observed in superficial veins remote from larger 
arteries, and 2) since there was obvious evidence 
of peripheral arteriolar vasodilatation, particularly 
in the digits, transmission of the pulse waves 
through the dilated vascular beds to the veins 
seems a more likely explanation for their presence 
in the venous tracings. 

There were many points of similarity between 
DHO and tetraethylammonium. Both drugs in- 
hibited sympathetic vasoconstrictor reflexes (27), 
raised skin temperature in the digits (28), pro- 
duced an initial decrease in renal clearances fol- 
lowed by a return to control values (29), and as 
a rule increased limb blood flows (28, 30). The 
chief points of difference were that after tetra- 
ethylammonium the cardiac dutput either de- 
creased (31) or remained unchanged (28), the 


heart rate increased (32) and the pulmonary ar- 
terial pressure decreased (31). The reason for 
these differences is not clear unless they were re- 
lated to the different sites of action of the two 
drugs (8, 33). 

It was of interest also to compare the effects of 
DHO with those of veratrum viride, since the hy- 
potensive action of both drugs is believed to be 
mediated through the central nervous system 
(9, 34). The two drugs were similar, in that 
both could decrease arterial pressure and heart 
rate without depressing cardiac output, they both 
produced oliguria, and brought about a decrease 
in renal blood flow during the early, falling phase 
of the hypotensive response. They were dis- 
similar in that following suitable doses of vera- 
truni viride significant hypotension occurred al- 
most without exception, the changes in peripheral 
resistance were uniform in all the vascular areas 
studied, and the homeostatic vasoconstrictor re- 
flexes remained intact. Atropine abolished the 
bradycardia induced by veratrum, but not that 
which followed DHO, while "vascular distensi- 
biiity,” in the extremities, which increased follow- 
ing veratrum, usually decreased after DHO. 

Clinically these studies suggest that sympatho- 
lytic agents have certain fundamental limitations 
in the treatment of essential hypertension. B'irst, 
as has been observed with other agents that inhibit 
sympathetic vasoconstrictor reflexes (32, 35, 36), 
not all patients had a significant reduction in ar- 
terial pressure following the administration of 
DHO. Thus, the therapeutic use of this E^ent, 
as of other sympatholytic drugs, would seem to be 
limited to selected patients. Second, its apparent 
blockade or inhibition of reflex vasoconstrictor 
mechanism so interfered with homeostasis that at 
times vascular collapse seemed imminent or ac- 
tually occurred. Finally, after it had been given, 
the changes in peripheral resistance in different 
vascular beds were so varied and unpredictable as 
to suggest that certain factors opposing a uniform 
vasodilatation were active. 

SUMMARY AND CONCLUSIONS 

Dihydroergocornine (DHO) administered in- 
travenously in man produced the following hemo- 
dynamic effects : 
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1. Vasopressor responses to blood-pressure-low- 
ering procedures (Valsalva maneuver, upright 
tilting), and to the immersion of a hand in iced 
water (cold test) were inhibited or abolished. 
Skin temperature in the digits exhibited significant 
increases in a warm, but not in a cool environment. 
Digital pulse volumes increased, and reflex vaso- 
constrictor responses to "noxius” stimuli usually 
decreased. 

2. Blood flow through the forearm and leg 
frequently increased as the arterial pressure fell, 
but it sometimes decreased or remained unchanged. 

3. Blood flow through the hepatic-portal cir- 
cuit also varied in different patients, occasionally 
remaining at control levels early in the hypotensive 
response, but usually becoming reduced propor- 
tionately more than the arterial pressure. The 
variability of the responses in blood flow in the 
limbs and in the hepatic-portal region suggests 
that the drug may have multiple and opposing ef- 
fects, or that after it has been given, certain 
counteracting vasoconstrictor mechanisms may 
become activated. 

4. Renal blood flow decreased initially, but in 
three of five patients it later returned to control 
levels. Glomerular filtration rate paralleled renal 
blood flow. Hence, there was little change in the 
filtration fraction. Oliguria occurred and per- 
sisted even when renal plasma flow and glomerular 
filtration rate returned to control values. There- 
fore, the oliguria appeared to be secondary to 
increased tubular reabsorption of water. 

5. The fall in arterial pressure in the supine 
position was accompanied by no change or a slight 
increase in cardiac output. Total peripheral re- 
sistance, therefore, was reduced. The bradycardia 
accompanying the hypotensive response was not 
abolished by atropine. 

6. Venous congestion by cuffs high on the 
extremities could precipitate collapse in supine 
patients who had received DHO. 

7. “Vascular distensibilitj'” in the limbs usually 
decreased, while venous pressure in the arm rose. 
Arterial pulsations became more prominent in the 
venous pressure recordings taken from the ante- 
cubital vein. 

S. The alkaloids, dihydroergocomine and di- 
hydroergokrj-ptine, opposed only slightly the ef- 
fects of epinephrine on the arterial pressure and 
heart rate of man. 
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In ancient Greece, “terra sigillata” or “sealed 
earth” was reputed to be a successful counter 
agent for poisons ( 1 ) . Its fame grew through the 
centuries commensurately with the refined custom 
of poisoning one’s dinner partner. 

Early trials of the effectiveness of “terra sigil- 
lata” are reported in two 16th century documents 
(2). The first, dated 1580, records that of eight 
dogs who were fed various poisons, including 
mercury sublimate, the four that received “terra 
sigillata” survived, while the others died. A 1581 
account details another successful experiment in 
which the “earth” was administered to a con- 
demned criminal immediately following “a dram 
and a half of Mercurie Sublimate.” 

“Terra sigillata” was found, in 1914, to con- 
sist of oxides of calcium and aluminum with a 
large proportion of silicates (2). Thompson, 
the analyst, attributed “its virtues . . . chiefly 
due to the mystery surrounding its origin and the 
superstitions connected with its source,” In the 
light of more recent knowledge, however, the ac- 
tion of “terra sigillata” may well be explained on 
the physico-chemical grounds of an ion exchange. 

Ion exchangers are insoluble substances which 
remove ions from solution by releasing one ion in 
exchange for another (3-6). Way, in 1850, first 
observed the phenomenon of ion exchange in soil 
(7). Subsequently a number of naturally occur- 
ring substances were found to have cation exchange 
properties but were of limited use because of their 
low exchange capacity and chemical instability (8, 
9). Advances over the naturally occurring sub- 
stances were the development of “zeolites” from 
sodium aluminate and sodium silicate (10-13), 
and of sjTithetic organic exchangers from sul- 
fonated coals (14). In 1934, Adams and Holmes 
prepared S3'nthetic phenol-fonnaldeh)-de resins 
with cation exchange properties and introduced 
resins prepared from aromatic amines and formal- 


dehyde which were capable of exchanging anions 

( 15 ). 

In 1945 anion exchange resins, which remove 
such ions as chloride, sulfate, and phosphate from 
solution, were utilized in the therapy of peptic ulcer 
(16-18). The next year Dock suggested that ca- 
tion exchange resins, which remove such ions as 
sodium, potassium, calcium, and m^nesium from 
solution, be used to take up sodium from ingested 
food. He showed that the particular resin he used 
was non-toxic in dogs and rats when SFed in massive 
doses over a two- week period (19). 

The present study concerns observations of 
electrol 3 i:e interchange between a cation exchange 
resin and medium, in vitro and in vivo. The resin 
was also evaluated in the therapy of congestive 
heart failure and cirrhosis of the liver by com- 
paring measures needed to control accumulation 
of fluid with and without resin. The resin used 
was Liquonex CRW ^ passed through a 120 mesh 
screen. The insoluble cation exchange resin is a 
sulfonated polystyrene capable of neutralizing 
from 3.9 to 4.5 mEq. of base per gram of resin. 

PROCEDXmES 

In vitro: Solutions of known composition were mixed 
with the resin and the surrounding fluid analyzed in order 
to determine the proportions of various ions removed 
under a variefy of circumstances. 

In vivo: A constant diet was fed to a subject and the 
effect of oral administration of resin on his electrolyte 
balance was observed. The subject, a 59 year old male, 
had neither historj' nor sign of cardiac or renal dysfunc- 
tion although he had a mild systolic hj-pcrtension and a 
right hemiparesis. He was cooperative enough to con- 
sume the following three meals daily for 80 days. Break- 
fast consisted of tomato juice, two eggs, a slice of bread 
with a pat of butter and a glass of milk. Dinner and 
supper consisted of t%vo ounces of ham, a potato, one 

*Thc authors are indebted to Dr. Sidncj- Sussman 
(Liquid CondiUoning Corp., Linden, N. J.) for the prepa- 
ration and supply of this resin. Liquonex CRW is es- 
sentially Dowex SO. 
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slice of bread with a pat of butter, a glass of milk and 
grapefruit. On analysis the diet was found to contain 
112 mEq. of sodium, 87 mEq. of potassium, 47 mEq. of 
calcium, 118 mEq. of chloride, 44 mM of inorganic 
phosphorus, and 11.9 grams of nitrogen (75 grams of 
protein). Watdr was allowed ad libitum. 

After a period of 20 days on the diet an amount of 
resin was administered each day equivalent to 100 mEq. 
of base. One-third of the daily dose of resin was ingested 
in plain gelatin capsules during each meal. After nine 
days the dose was increased to 150 mEq. Twelve days 
later the dose was increased to 200 mEq. and then in eight 
days to 250 mEq. After six days on 250 mEq. the resin 
was discontinued and the patient was observed for an ad- 
ditional 25 days. 

The subject was weighed daily. Twenty-four hour 
urines were collected under oil using toluene as a per- 
servative. The urinary specific gravity, volume, creati- 
nine, pH and titratable acid, total nitrogen, ammonia, 
sodium, potassium, calcium, inorganic phosphorus, sulfate 
and chloride were determined. The feces were collected 
in three-day periods, dried under an infra-red lamp, 
weighed and ground to a fine powder in a mortar and 
analyzed for total nitrogen (less ammonia nitrogen), 
inorganic phosphorus and chloride. Aliquots of the dried 
feces were treated with concentrated sulfuric acid, ashed 
overnight at 800“ C and analyzed for sodium, potassium 
and calcium. At 10-day intervals determinations were 
made of the plasma sodium, potassium, calcium, phos- 
phorus, carbon dioxide combining power, chlorides, pH, 
urea nitrogen and alkaline phosphatase. 

Urinary specific gravity was determined with a urinome- 
ter. Urinary pH was determined under oil and the urine 
was then titrated to pH 7.4 with 0.02 N sodium hydroxide. 
Sodium and potassium were determined with an in- 
ternal standard flame photometer (20). Calcium was 
measured by dissolving the precipitated oxalate in 2 N 
sulfuric acid and adding an excess of hexanitrato- 
ammonium cerate. The cerate was back titrated with 
ferrous ammonium sulfate using ortho-phenanthroline 
ferrous sulfate as an indicator. Chloride was determined 
according to Wilson and Ball (21) ; phosphorus accord- 
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ing to Fiskc and Subbarow (22) ; ammonia and urea ac- 
cording to Summerson's modification of the Van Slyke 
and Cullen procedure (23) ; creatinine by a modification 
of the Folin method (24). Sulfate was determined by 
a turbidimetric method using barium chloride (25). 
Total nitrogen was determined by the micro- Kjcldahl 
technique. Phosphatase was determined by the King 
and Armstrong method (26). 

OBSERVATIONS 

In Vitro 

Liquonex CRW like other hydrogen exchange 
resins removes sodium from solution by forming 
an insoluble combination of sodium and resin, 
releasing a free hydrogen ion for each sodium ion 
fixed to the resin. 

As the amount of sodium added per gram of 
resin was increased, more sodium was removed 
per gram until the resin was saturated (Figure 1). 
The volume of water in which the sodium w^as dis- 
solved had little effect on sodium removal by the 


TABLE 1 


The removal of calcium, -potassium and sodium from solution hy Liquonex CRW 


Solution 

mEq. added per gram of resin* 

Per cent of added ion removed 
from solution 

Medium 

Ca 

N 

Na 

Ca 

K 

Na 

Ca 

K 

Na 


tnEq.lL 

niEq.lL 

mEg.lL 

mEq. 

mEq. 

mEq. 

per cent 

per cent 

per cent 

Water 

26 

29 

30 

0.69 

0.79 

0.81 

100 

86 

43 

0.93N HCl 

26 

29 

31 

0.71 

0.79 

0.83 

100 

77 

19 

0.3N NaOH 

26 

29 

31 

0.69 

0.79 

0.84 

100 

91 ; 

58 

Water 

15 

40 

55 

0.41 

1.07 

1.47 

98 

81 

44 

Water 

250 

389 

552 

0.75 

1.29 

1.84 

92 

74 

29 

Milk pH 5.0 

13 

41 

51 

0.36 

1.10 

1.38 

96 

81 

43 

Milk pH 6.8 

18 

41 

54 

0.49 

1.09 

1.46 

94 

82 

54 

Milk pH 7.5 

19 

39 

57 

0.51 

1.04 

1.53 

92 

82 

59 

Water 

5 

5 

140 

0.08 

0.07 

2.05 

100 

86 

64 


* Reain capacity 3.9 mEq. of base per gram 
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resin. Studies of combinations of sodium and 
resin wbicfi would approximate tbe ratio en~ 
countered in the intestine revealed the resin to be 
incompletely saturated with sodium. Therefore, 
if the amount of salt is increased in a diet con- 
taining a constant amount of resin, a goodly pro- 
portion of the increment will be fixed to the resin. 

Ions of higher valence or higher molecular 
weight tend to occupy the resin in preference 
to ions of lower valence or lower molecular weight 
(Table I) (27). The resin had a greater affinity 
for potassium and calcium than for sodium regard- 
less of the medium in which these ions were 
dissolved. The capacity to remove cation was en- 
hanced in alkaline solution. Sodium, potassium, 
and calcium in solution in the proportions present 
in the diet did not affect the preferential removal 
of potassium and calcium over sodium. 

Sodium and potassium chloride were added to 
milk to approximate the proportions of sodium, po- 
tassium, and calcium in the diet. The pH of this 
solution was 6.8. Ultrafiltration by a Sims ultra- 
filter revealed 56 per cent of the calcium to be 
bound to protein. The same solution was also 
studied after the pH had been adjusted to 5.0 with 
dilute acid and to 7.5 with dilute alkali. None of 
these manipulations affected the affinity of the 
resin for potassium and calcium over sodium. Cal- 
cium bound to the protein left the protein to oc- 
cupy space on the resin. 

Using a solution in which the ratio of ions was 
such as is found in the fluid of the ileum (140 
mEq. of sodium, 5 mEq. of potassium, and 5 mEq. 
of calcium), 64 per cent of added sodium was re- 
moved. In this instance, 1.32 mEq. of sodium 
were removed per gram of resin whereas the maxi- 
mum amount of sodium removed per gram of resin 
in the other combinations was 0.8 mEq. per gram. 
This is a result of the higher ratio of sodium to 
calcium and potassium. 

The action of a cation exchange substance is 
not limited to inorganic cations alone but basic 
organic materials adhere as well. When a solu- 
tion containing 123 mg. of nitrogen as glycine, a 
relatively neutral amino acid, was added to a 
gram of resin, 50 per cent of the glycine was fixed 
to the resin. Likewise, when 157 mg. of nitrogen 
as a mixture of amino acids in solution (Amigen) 
were added to a gram of resin, 31 per cent of the 
amino acids was fixed to tiic resin. It must be 


recognized that this type of experiment does not 
indicate the firmness of the bond between the 
amino acid and the resin. 

In Vivo 

These observations of the action of the resin 
suggested the alterations in electrolyte balance 
that might be anticipated in vivo. The actual al- 
terations were measured following resin adminis- 
tration to a human subject. 

The subject remained well and symptomless 
throughout the period of resin administration ex- 
cept for the last day when he was nauseated. He 
fully recovered in 24 hours. During the 80 days 
of resin administration the subject lost 3.6 kg. of 
weight which he regained by the ninth day after 
resin was discontinued. The mean urinary volume 
was greater during resin administration (2110 ml.) 
than during the control period (1640 ml.). The 
larger volume of urine excreted is for the most 
part accounted for by the extra water necessary 
to help swallow the capsules. 

Urinary excretion of sodium averaged 109 mEq. 
per day during the control period. As the daily 
dose of resin was increased from 106 to 250 mEq., 
urinary sodium excretion fell to 10 mEq. per day 
(Figure 2). There were certain vagaries in uri- 
nary sodium excretion that corresponded with 


EFFECT OF RESIN ON WQGHT AND URINARY EXCRETION OF 



Fig. 2 
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TABLE II 

Changes in plasma constHuenls during resin administration 


Day 

Period 

Sodium 

Potassium 

Chloride 

Carbon 

dioxide* 

1 

pH 

Calcium 

Phosplinlc 

Alkaline 

phosph. 

Urea 

nitroKcn 

4 

Control 

vtEq.lL 

140.0 

mEq.lL 

4.68 

mEq.lL 

102.8 

mAf/A 

27. 

units 

7.35 

mEq.lL 

4,2 

rnUtir. 

1.37 

K-A units 

4.6 

tng, frr cent 

14.9 

16 

Control 

140,0 

4.16 

101.0 

32.4 

7.45 

5.9 

0.88 

8.6 

9.0 

20 

28 

Resin Introduced 
Resin 

144. 

3.63 

104.5 

27.4 

7.45 

5.8 

0.98 

3.0 

16.8 

37 

Resin 

137.2 

3.61 

i 101.0 

2S.2 

7.38 

5,3 

0.88 


13.2 

46 

Resin 

140.8 

4.20 

108.0 

21.3 


5,15 

0.95 

6.8 

13.5 

53 

Resin 

135.3 

2.65 

112.0 

18.9 

7.45 

4.9 

0.92 

4.4 

1Z.1 

55 

56 
63 

Resin Discontinued 
Post Resin 

Post Resin 

141.2 

3.34 

109.0 

100.0 : 

22.5 

7.40 

4.7 

0.88 

3.8 

8.4 

74 

Post Resin 

139.4 

4.03 ! 

104.0 

28.8 

7,45 

4.4 

0.82 


16.0 


* Combining power 


weight changes, the explanation of which is not 
clear. For ten days after the discontinuance of 
resin, it remained low (10 inEq. per day) and was 
then followed by a profuse diuresis of 325 mEq. 
per day before returning approximately to the 
level of the dietary intake. Plasma sodium did 
not vary appreciably during the study (Table 11). 

The patient experienced constipation towards 
the end of the resin period. This accounts for the 
low fecal excretion of sodium and potassium at 
this time (Figures 3 and 5). The feces for 13 


EFFECT OF RESIN ON FECAL EXCRETION OF SODIUM 
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days after the resin was discontinued contained 
normal amounts of nitrogen while the weight in- 
dicated that resin was still present. Consequently, 
feces excreted in these 13 days may be considered 
as part of the resin period. On this basis, the mean 
fecal excretion of sodium increased from 1.4 mEq. 
per day during the control to 51.0 mEq. per day 
during the resin period.^ At the time the patient 

^Liquonex CRW itself contains a small amount of 
sodium and the fecal excretion of sodium has been ac- 
cordingly corrected. 


was receiving 200 to 250 mEq. of resin per day, 
the fecal sodium representative of this period was 
about 80 per cent of the dietarj' sodium (Figure 

3). ^ 

Urinary potassium excretion did not show the 
fluctuations that occurred in the urinary sodium 
excretion (Figure 4) . From a mean control value 
of 78.5 mEq. per day it fell over a period of 30 
days to a level of 7 mEq. per day as the dosage of 
resin increased. After the discontinuance of the 
resin the potassium excretion also remained at a 
low level for 10 days before it rose to equal the 
dietary intake. Plasma potassium remained rela- 
tively stable except for one value of 2.6 mEq. per 
liter toward the end of resin administration. Mean 
daily fecal potassium excretion increased from 
5.8 mEq. during the control to 58.6 mEq. during 
resin feeding (calculated similarly to the sodium). 
Fecal potassium during resin administration was 
thus 68 per cent of the dietary potassium. 

Mean daily urinary calcium excretion was 13 
mEq. during the control period, 8.8 mEq. during 
resin administration and 11.2 mEq. in the post- 
resin period. The mean daily fecal calcium ex- 
cretion was 40 mEq. during the control period and 
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35.1 mEq. during resin administration (Figure 
6) . Statistically the mean daily excretion of uri- 
nary or fecal calcium did not differ among these 
periods. There were no appreciable changes in 
plasma calcium or alkaline phosphatase. 


sulfate illustrates the mechanism of the acidosis 
induced by the resin. As resin administration 
progressed, plasma carbon dioxide combining 
power fell from 27 to 19 mM per liter and the 
chloride rose from 102 to 112 mEq. per liter with 
no significant change in pH of blood (Table II). 
This exemplifies the compensated metabolic aci- 
dosis described by Gamble (28). 

The kidney balanced the excess chloride, phos- 
phate and sulfate relative to sodium and potassium 
by formation of ammonia (Figure 7). Ammonia 
production increased from a mean value of 25 
mEq. per day during the control period to 211 
mEq, per day on the 34th day of resin administra- 
tion. The mean urinary pH during the control 
periods was 6.3 and during resin feeding was 6.0. 
The mean daily titratable acidity increased from 


EFFECT OF RESIN OH FECAL EXCRETION OF OALCXIM 



Fig. 6 

During the control and resin periods dietary 
sodium, potassium and calcium compared well 
with the urinary plus fecal output of these ions. 
Balance studies thus failed to indicate loss of 
sodium, potassium or calcium from the body. 

The mean daily urinary excretion of chloride, 
phosphate, and sulfate were not appreciably dif- 
ferent in the control, resin and post-resin periods. 
They were respectively 124, 110 and 121 mEq. 
for chloride; 27.5, 29.7 and 22 mM for phos- 
phate; and 32.3, 37.0, and 38.6 mEq. for sulfate. 
There were no appreciable changes in the fecal 
excretion of chloride or phosphorus. Plasma 
phosphorus was not altered. 

The reduced absorption of sodium and potas- 
sium from the gut in the presence of a relatively 
constant absorption of chloride, phosphate, and 


17.2 mEq. during the control period to 25,6 mEq. 
during the resin period. It may be seen that the 
shift in pH did not contribute greatly to balance 
the anion excess. It is of interest that additional 
calcium was not excreted in the urine to help bal- 
ance this anion excess, 

URINARY ElXCTROLYTE PATTERN DURITiS CONTROL 
AND RESIN PERIOD 
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The mean daily excretion of urinary nitrogen 
for control and resin periods was 10,2 and 10.5 
grams respectively. In the first 10 days following 
discontinuance of the resin, urinary excretion of 
nitrogen fell to a daily mean of 8.8 grams following 
which the mean was 10.5 grams. The mean daily 
fecal nitrogen was 0.68, 0.68, and 0.61 grams for 
the control, resin and post-resin periods respec- 
tively, Except for the 10 days immediately after 
discontinuance of the resin, where there was a re- 
tention of nitrogen, total nitrogen intake of 11.9 
grams compared well with total output. There 
was no consistent change in blood urea nitrogen. 

Clinical Application 

Two pertinent effects were noted in the administration 
of resin to this subject. Sodium was immobili 2 ed in the 
gut and a compensated metabolic acidosis was produced. 
These two situations would be acceptable in the therapy 
of edematous states. The resin was therefore tested for 
its usefulness in the therapy of two cases of congested 
heart failure and one case of cirrhosis of the liver with 
ascites and edema. 

The patient A, C. was a 62 year old male with luetic 
heart disease and aortic insufficiency. He was observed 
for six weeks on a regular diet containing approximately 
6 grams of salt. Moderate compensation was maintained 
with three 2 ml. injections of mercuhydrin each week 
plus 0.1 gram of digitalis daily. At the end of this six- 
week period mercurials were discontinued but the diet 
and digitalis were maintained. The patient was begun 
on gradually increasing doses of resin starting at 100 
mEq. daily. After a slight weight gain during the first 
four days, his weight stabilized for the succeeding four 
days, whereupon he began to lose weight. As the dosage 
of resin was increased to 270 mEq. daily over a 16-day 
period, there was a 2.5 kg. weight loss. The resin was 
discontinued and he promptly gained 4.6 kg. in 10 days. 
The resin was again instituted and the patient lost 2.7 
kg. in five days. 

The patient C. G. was a 55 year old white female with 
rheumatic heart disease. During a control period of 37 
days on an acid ash diet containing 3 grams of sodium 
chloride, she required 0.1 gram and 0.2 gram of digitalis 
every other day and 2 ml. mercupurin about every five 
days. Her greatest weight during this period was 46.9 
kg., her lowest was 41.4 kg. With institution of resin 
in daily dosage of 230 mEq., diet was changed to one 
containing 6 grams of salt daily, mercupurin was dis- 
continued, digitalis dosage was maintained. The patient’s 
weight fell from 46.9 kg. to 42.2 kg. in 12 days. At this 
time the patient vomited. Digitalis toxicity was con- 
sidered to be the cause and both digitalis and resin were 
discontinued. Serum carbon dioxide combining power 
was normal. Digitalis was resumed after five days in 


daily dosage of 0.1 gram and the resin was resumed after 
10 days. During the 10 days without the resin her 
weight increased from 42,2 kg. to 47.3 kg. With daily 
dosage of 150 to 200 mEq. of resin, she maintained a 
weight of 45.5 kg. over a 40-day period witiiout requiring 
mercupurin. Plasma carbon dio.xide combining power 
and plasma potassium were not altered in this period. 
When the resin was discontinued she gained 2 kg. in 
four days and experienced a return of paroxysmal noc- 
turnal dyspnea. 

The patient J. O. was a 52 year old white male with 
symptoms of decompensated cirrhosis of the liver with 
abdominal ascites and peripheral edema. During a seven- 
week observation period in the hospital, he accumulated 
fluid at a rate which required mercupurin every 10 days. 
His greatest weight was S9.4 kg., and his lowest, 56.0 kg. 
following mercupurin. With the institution of resin in 
dosage of 100 mEq. per day, his weight fell from 57.4 to 
53.5 kg. in 12 days. The patient maintained his ap- 
petite fairly well during these 12 days but with the loss 
of edema fluid, cachexia became apparent. At this time 
plasma carbon dioxide content had fallen from 24,5 to 
13.8 mM per liter, plasma chloride rose from 101 to 
110 mEq. per liter and potassium rose from 2.9 to 5.9 
mEq. per liter. Oral administration of the resin, how- 
ever, was continued for another 10 days. There was a 
further weight loss to 49.5 kg. at which point ascites 
could not be detected clinically. The patient became 
anorexic. Plasma carbon dioxide content fell to 8.5 mM 
per liter, chloride rose to 114 mEq. per liter, potassium 
was 2.3 mEq. per liter. The resin was discontinued and 
alkalizing solutions containing potassium (15 mEq. per 
liter) were administered intravenously. Although the 
patient was cachectic and weak, he did not appear criti- 
cally ill, when he suddenly developed an aberrant ventricu- 
lar rhythm and expired. 

DISCUSSION 

Cation exchange resins taken orally reduce the 
absorption of sodium from the intestine. When 
an amount of resin sufficient to neutralize ISO 
mEq. of base was fed daily with a diet containing 
100 mEq, of sodium (6 grams of salt), urinary 
excretion of sodium was reduced to 50 mEq. per 
day. Feeding 250 mEq. of resin with the same 
diet reduced daily urinary excretion of sodium to 
8 mEq. 

Salt restriction is, of course, important in the 
management of congestive heart failure. Its ap- 
plication, however, requires the patient to submit 
to the rigors of a selective diet. With the use of a 
cation exchange resin, the patient may satisfy his 
appetite within reasonable limits without absorb- 
ing excessive amounts of sodium. During periods 
of resin administration -in two edematous patients 
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with heart failure there was a diuresis of existing 
depots of fluid and edema failed to reaccumulate. 

In the case of cirrhosis of the liver, use of the 
resin orally was also successful in preventing the 
absorption of sodium from the gut. Since the 
most important part of the treatment of cirrhosis 
is a dietary regime high in protein, and since de- 
vising a high protein, low salt diet is difficult, the 
use of resin might be an important addition to 
therapy of this condition. 

Unfortunately, sodium is not the only ion, but is, 
in fact, the ion least likely to occupy the resin when 
in competition with potassium or calcium. From 
the balance study it did not appear that the subject 
lost more potassium than he consumed. There 
was, however, very low urinary excretion of po- 
tassium for 10 days after the resin was discon- 
tinued. In view of the gain in weight of 3.6 kg. 
and the daily retention of 1.4 grams of nitrogen, 
during a period of low excretion of potassium and 
sodium it would appear that tissue and water were 
being replaced. * 

A calcium deficit would normally be anticipated 
from the in vitro observations, but did not occur 
in the balance study. The availability of calcium 
for absorption is closely related to the presence of 
insoluble complex acid radicals (i.e., oxalates, 
phytates) (29). The resin produces, in effect, a 
markedly acid diet which would increase the avail- 
ability of the insoluble calcium for absorption (29). 
This may or may not be the explanation, but the 
fact remains that the subject did not develop a 
detectable calcium deficiency. 

The secretion of sodium, potassium and calcium 
into the lumen of the gut and their subsequent re- 
absorption creates an active interchange of elec- 
trol 3 'tes across the gut wall. Of the ions to which 
the resin is exposed in its passage down the gut, 
the amount of sodium is by far in excess of po- 
tassium or calcium. Thus, a larger portion of 
the resin was occupied by sodium in vivo than was 
anticipated by the studies in vitro. 

Consideration must also be given to cations 
other than sodium, potassium, and calcium; in 
particular, magnesium, iron, manganese, copper 
and cobalt. Prolonged feeding of exchange sub- 
stances may well lead to a deficiency of one or 
another of these cations. Since basic organic ma- 


terials are also fixed to resin, these substances, too, 
must be considered. In the balance study, fecal 
nitrogen did not increase during resin feeding. 
It may be inferred from this fact that there were no 
excessive losses of amino acids in the stool. The 
losses of other basic organic substances (riboflavin, 
thiamin) were not measured. The magnitude of 
the problem of creating a deficiency as a result of 
the possible losses of these basic organic substances 
remains to be evaluated. The deficiency would 
depend greatly on the strength of the bond between 
the organic base and the particular exchanger.® 

In exchange for cations, Liquonex CRW re- 
leases free hydrogen ion into the gut. Resin feed- 
ing is consequently equivalent not only to restrict- 
ing salt intake but also to concommitantly adminis- 
tering 5-10 grams of ammonium chloride daily. 
With the usual administration of ammonium chlo- 
ride, the kidney, in some measure, balances the 
anion excess with sodium and potassium. With 
the administration of resin, however, the avail- 
ability of sodium and potassium for balance is 
small. In this instance, with the removal of sodium 
and potassium, ammonia production was forced to 
a maximum. It follows that administration of the 
resin to individuals with impaired renal function 
should be exercised with caution. 

The disadvantage of oral administration of 
Liquonex CRW centered around the 20 to 25 size 
00 capsules that had to be fed with each meal. 
Constipation may be experienced as the stool ac- 
quires the sandy consistency of the resin, but has 
so far only occurred in the subject of the balance 
study. 

Evidence for calcium deficiency was lacking in 
this study but the possibility must still be con- 
sidered. The evidence for potassium deficiency 
is stronger than for calcium and may well be a 
danger in the use of Liquonex CRW. Calcium and 
potassium occupy Liquonex CRW preferentially 
to sodium, an admirable characteristic for water 
softening for which the resin is primarily manu- 
factured. This characteristic, however, is inherent 
in all cation exchange substances yet it does not 

* Patient C. G. has taken Liquonex CRW in daily 
dosage of 200 mEq. continuously for 30 months without 
clinical evidence of ill effects. 
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seem to invalidate its use for removal of sodium 
from the diet. 

The limited clinical material presented here il- 
lustrates the advantages and dangers of administra- 
tion of Liquonex CRW. The evident dangers are 
acidosis and potassium deficiency. It is far from 
clear how the acidosis might have contributed to 
the death of the patient with cirrhosis of the liver, 
but there may have been some indirect relation- 
ship. Excessive loss of potassium must also be 
considered although the electrocardiogram did not 
exhibit the expected pattern of potassium defi- 
ciency. The use of potassium lactate, or potassium 
bicarbonate in conjunction with the resin may 
prove to obviate these dangers without reducing 
the efficacy of sodium removal. Liquonex CRW, 
although representing an exchanger with one of 
the higher capacities, is by no means the ideal sub- 
stance. Exchange substances of still higher ca- 
pacity, exchanging ions other than hydrogen, if 
effective at the pH and electrolyte concentration 
of the intestine, would represent further advances 
in resin therapy. 

CONCLUSIONS 

1. The principle of the use of a cation exchange 
substance has been shown to be sound in retain- 
ing dietary sodium in the gastrointestinal tract 
to be excreted in the stool. 

2. Its use in congestive heart failure and cir- 
rhosis of the liver resulted in a diuresis of existing 
depots of fluid which did not reaccumulate while 
the resin was administered. 

3. The undesirable characteristics of a particular 
exchange substance are indicated. With the use of 
Liquonex CRW, potassium depletion and acidosis 
must be considered as possible hazards. 
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Carbon tetrachloride j^oisoning in man, whether 
inhalation or ingestion, is frequently associated 
with anatomical and clinical evidence of renal dam- 
age. Smetana (1) has shown that the distal tu- 
bule appears to bear the brunt of the renal patho- 
logical processes resulting in oliguria or anuria, 
and Woods (2) has demonstrated the identity of 
the renal pathology in this disease with that of the 
crush syndrome. This type of acute renal failure 
has therefore been included among the subclassifi- 
cations of lower nephron nephrosis by Lucke (3). 
This author believes that the scant urine flow in 
this syndrome is adequately explained by the back- 
diffusion of the glomerular filtrate through the 
damaged tubular walls. This concept was first 
promulgated by Dunn, Haworth and Jones (4) 
working with experimental oxalate nephritis. 
By waters and Dible (5) concluded this to be the 
mechanism of anuria in the crush syndrome on 
the basis of morphology alone. A. N. Richards 
(6) was able to observe this phenomenon directly 
in the frog kidney poisoned with mercuric chlo- 
ride. He noted the absence of urine formation in 
spite of normal or augmented glomerular filtra- 
tion. Additional evidence cited for the occurrence 
of abnormal tubular permeability is the finding of 
negative Tmo’s® by Bobey et al. (7) and of de- 
creased creatinine/inulin clearance ratios by Rich- 
ards, Westfall, and Bott (8) in experimental 
uranium poisoning in dogs; the demonstration of 
negative Thipah values by Redish, West, White- 

1 Indebtedness is gratefully acknowledged to the U. S. 
Standard Products Co., of Woodworth, Wisconsin, for 
furnishing inulin in generous amounts for parenteral use 
in this work. 

-Sarah Welt Fellow, permanent address: Department 
of Medicine, The Mount Sinai Hospital, New York City. 

® Abbreviations used will be as follows : D = diodrast, 
IN = inulin, CR = endogenous creatinine, PAH = p- 
aminohippurate, C = clearance, thus Cin is clearance of 
inulin, TmpAn and TmD = tubular maximal excretory 
capacity for p-aminohippurate and diodrast respectively. 
E = renal extraction ratio, RBF = renal blood flow, 
U/P ratio = ratio of urine concentration to plasma con- 
centration. 


head, and Chasi.s (9) in a child with oliguria due 
to sulfathiazolc intoxication and by Marshall and 
Hoffman (10) in two patients with post-shock 
uremia; and the demonstration by Phillips and 
Hamilton (11) of markedly reduced renal creati- 
nine extraction ratios in dogs with near normal 
renal blood flow following renal ischemia. 

Recently attention has been directed toward the 
possible contriliution of renal hemodynamic fac- 
tors in the maintenance of the oliguria during the 
post-shock phase, when the full-blown picture of 
uremia becomes manifest. Trueta ct al. (12) have 
demonstrated in man as well as other mammalian 
species the presence of juxtameduliary glomeruli 
with large efferent arterioles draining directly into 
the venous circulation through the vasa recta, 
thereby avoiding the usual peritubular capillary 
circuit. As an explanation for the oliguria in the 
crush syndrome these authors postulate a neuro- 
genic mechanism resulting in the shunting of blood 
from the active filtering and secreting cortical zone 
to the poorly functioning juxtameduliary region of 
the kidney. 

Phillips and Hamilton (11) demonstrated rapid 
recovery of renal blood flow, as measured by the 
Fick principle, in dogs following two hours of com- 
plete renal ischemia. It is unfortunate that they 
did not perform renal blood flow studies on their 
dogs with three and four hours of renal ischemia, 
since it was these animals which subsequently de- 
veloped progressive uremia, thus more nearly simu- 
lating the human material. Bobey et al. (7) ob- 
served immediate and maintained normal renal 
blood flow values in dogs with uranium poisoning 
for periods as long as 14 months. However, since 
uranium exerts its maximum toxic effects upon 
the proximal tubule (13) and the dose used was in- 
sufficient to cause oliguria, neither the histological 
nor usual clinical manifestations of the human 
syndrome under discussion were simulated in this 
series of experiments. 

Corcoran, Taylor and Page (14) performed 
serial inulin and diodrast clearances upon one pa- 
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ith carbon tetrachloride poisoning during 
ivery phase and found values for Qn, Cd 
Id of 5.8 cc./min., 67.8 cc./min. and 3.7 
in, respectively on the 10th day of the 
By the 64th day these values had re- 
} the normal range. On the basis of the 
data these authors concluded that in ad- 
tubular back-diffusion depressed renal 
V, caused by renal swelling, plays an im- 
4e in the production of oliguria. Mar- 
Hoffman (10), using mannitol and 
■formed similar studies upon two cases 
3ck uremia and one case of carbon tetra- 
chloride poisoning. The clearance values were all 
markedly depressed during the early recovery 
phases with a gradual return to normal. Burnett 
et ah (15) studied renal clearances in wounded 
soldiers. They found significant depressions of 
mannitol and PAH clearances and TmpAH in 
those patients who had suffered moderate to severe 
shock even though the studies were undertaken 
from 14 hours to 30 days after recovery from 
shock. 

With the severe tubular damage and probable 
tubular back-diffusion of the test substances that 
occur during the early recovery phase of this syn- 
drome it would seem that the estimation of hemo- 
dynamic factors on the basis of uncorrected clear- 
ance measurements yields data of dubious signifi- 
cance. Certainly when a marked decrease in the 
renal extraction of PAH occurs, as has been ade- 
quately shown to be the case following total renal 
ischemia in the dog by Selkurt (16) and Phillips 
and Hamilton (11), the clearance of this substance 
cannot be used as a significant measure of effective 
renal plasma flow. These limitations of the clear- 
ance methods were early emphasized by Smith 
(17). 

We have therefore studied the renal extraction 
ratios of PAH and inulin together with their 
clearances and other aspects of renal function in 
four patients with acute carbon tetrachloride poi- 
soning during various stages of the disease. The 
results indicate that a marked reduction in renal 
blood flow is in fact important in the maintenance 
of the oliguria, if not in its initiation. 

METHODS 

Studies of renal function were performed on four 
male patients with acute renal damage due to inhalation 


of carbon tetrachloride.^ These studies were started be- 
tween the eighth and 11th day from the onset of oliguria 
and continued periodically for as long as 60 to 320 days. 
Simultaneous inulin, p-aminohippuric acid, urea, endoge- 
nous creatinine and chloride clearances and the measure- 
ment of TmpiB were performed according to the 
standardized techniques of Smith, Goldring, and Chasis 
(IS). The technique of Warren, Brannon, and Merrill 
(19) and Bradley and Bradley (20) was utilized for 
the renal vein catheterizations in order to determine the 
renal extraction of PAH, inulin and oxygen.® Renal 
blood flow was calculated by the formula RBF = 
(UV/A-R) X (1.00/1.00-H), where A, R, and U rep- 
resent arterial, renal venous and urine concentrations 
respectively of PAH or inulin in mgm./cc., V represents 
urine flow in cc./min., and H is the hematocrit expressed 
as a fraction of I.OO, Since repetition of renal vein 
catheterization in any one individual during the early 
recovery phase was thought unwarranted this procedure 
was performed once on each individual at times repre- 
senting different phases of the recovery process. In each 
case the final position of the catheter was checked by 
means of roentgenograms. 

On the days intervening between the standard clearance 
studies, when the 24 hour urine flow exceeded 1000 cc., 
endogenous creatinine clearances alone were obtained using 
two to four hour periods and voided urine specimens. 
One blood specimen was drawn at the midpoint of the 
urine collection period. In two of the subjects with 
severe olig^uria, inulin and PAH clearances were deter- 
mined, each on one occasion, by giving 'one intravenous 
injection which acted as both the priming and sustain- 
ing doses. Blood was drawn approximately every si.v 
hours and urine w’as collected at the end of a 24 hour 
period by catheterization and bladder washout. Total 
PAH (free and acetylated) and inulin analyses were 
performed on these specimens. The urine of the pre- 
cedirrg day was used for the determination of the rate of 
excretion of the inulin blank (UVo). 

The other studies of renal function consisted of the 
usual clinical measurements for urine concentrating 
capacity, urinary aciditj’, efficiency of phenol red excre- 
tion, examination of the urinary sediment, plasma creati- 
nine and urea nitrogen determinations and the semi- 
quantitative estimation of albuminuria. 

Inulin was determined by a modification of Harrison's 
method as described by Goldring and Chasis (21), with 
the exception that 2 cc. of undiluted plasma were added 
to 6 cc. of 20 per cent yeast and 1.0 N NaOH was sub- 
stituted for I.l N HaOH in the precipitation of proteins. 
P.AH, both free and total, was determined by the method 
of Smith cl al. (22) ; creatinine by the Brod and Sirota 
modification of the Bonsnes and Taussky method (23) ; 

‘ These patients were on the 1st and 2nd Medical 
Services of Mt Sinai Hospital. The ciinical details will 
be presented elsewhere. 

® Drs. Sigmund Brahms and living Kroop collaborated 
with the author in the performance of the renal vein 
catheterizations. 



1414 


JONAS H. SIROTA 


TABLE 1 


The renal extraction ratios of PAH and inulin and renal plasma flow 
in four cases of carbon tetrachloride poisoning 


Patient 

i 

Number of 
days of 
oliguria 

Day from 
onset of 
oliguria 

Renal e-ictraction ratio 
A.R 

A 

Renal plasma flow'*' 

Renal blood 

l.OSXCpAU 

Cix 

PAH 

Inulin 

PAH 

UV 

A-R 

Inulin 

UV 

A-R 

flow 

F. M. 

10 

8 

0.034 


cc-lmin. 

24.5 

cc-ltnin, 

0 

cc.hr.in. 

40.8 

cc.lmiti, 

0.944 

cc.lnsir.. 

0.00 

F. H. 

2** 

13 

0.106 


160 

167 

232 

21.4 

7.84 

H. Z. 

11 ! 

24 

0.89S 

0.133 

640 


896 

! 618 

97.2 

W. M. 

17 

37 

0.594 

0.149 

592 

434 

897 

392 

56.0 


* U, A and R represent urine, femoral arterial and renal venous plasma concentrations of PAH or inulin respectively, 
in mgm./cc., and V represents urine flow in cc./j^in. These values were obtained from averages of throe extraction 
ratios and three urine collection periods, except for F. M. in whom one urine collection period was used. 

** The occurrence of oliguria is questionable in this case because of difficult anamnesis. Its duration, if present, was 
definitely no longer than two days. 


blood oxygen by the method of Roughton and Scholander 
(24) ; chlorides by Van Slyke and Hiller’s adaptation of 
Sendroy’s method (25) ; and urea by the aeration tech- 
nique of Van Slyke and Cullen (26). All colorimetric 
determinations were performed on the Coleman Jr. 
spectrophotometer. 

RESULTS 


1. Renal extraction ratios and renal blood flow 


Control PAH renal extraction ratios performed 
on four patients without renal disease yielded- 
values of 0.904, 0.890, 0.910 and 0.895. The val- 
ues for PAH and inulin extraction ratios and 
the renal plasma flows calculated therefrom in the 
four patients with carbon tetrachloride poisoning 
are presented in Table I. It is evident that during 
late oliguria and early diuresis there was a marked 
reduction in renal blood flow, and that the perfused 
tissue extracted PAH with poor efficiency, so that 
1.08 X Cpah yielded values much lower than UV/ 
A-R for PAH, the true renal plasma flow.® Thus, 


6 JIX. represents the application of the Fick principle 
A-R 

to the determination of renal plasma flow, and as long as 
a measurable quantity of PAH is present in the urine 
it is an expression of true renal plasma flow, being in- 
dependent of the efficiency with which the tubules extract 
PAH from the plasma. Cpah, the clearance of PAH, or 


— in the normal kidney is a measure of renal plasma 
A 

flow to effective functioning renal parenchyma and is 
therefore dependent upon the efficiency of renal extrac- 
tion. It normally is about 92 per cent of the total 
plasma flow, the remaining 8 per cent representing plasma 
flowing to non-functioning tissue such as capsule, inter- 
stitium and perirenal fat. Hence 1.08 X Cpah should 


patient F. M. on the eighth day following the onset 
of oliguria had a renal plasma flow of only 24.5 cc,/ 
min. and his kidney extracted PAH with only 3.4 
per cent efficiency.^ The value for 1.08 X Cpah 
was reduced to 0.94 cc./min. Patient F. H. on 
the 13th day had a renal plasma flow of 160 cc./ 
min. in spite of a diuresis of over 3000 cc. in 24 
hours. His PAH renal extraction efficiency was 
10.6 per cent; 1.08 X Cpah was 21.4 cc./min. 
Patient H. Z. had both a normal renal plasma flow 
and PAH extraction ratio by the 24th day, so 
that 1.08 X CpAH closely approximated the true 
renal plasma flow. In contrast, W. M., who suf- 
fered oliguria for 17 days, still had a reduced PAH 
extraction (59.4 per cent) on the 37th day even 
though his renal plasma flow was normal (592 cc./ 
min.). The low renal blood flow figures of 896 
and 897 cc./min. for H. Z. and W. M. respectively 
are merely expressions of low hematocrits. 

The use of the inulin extraction ratio for the 
calculation of renal plasma flow is fraught with 
error because of the comparatively low arterio- 

approximate closely. A discrepancy between these 

values merely reflects the deviation of renal extraction of 
PAH from the average 92 per cent value. 

’'Technical errors in the withdrawal of renal venous 
blood, such as too much suction causing the admixture of 
inferior vena caval blood with renal venous blood, would 
yield an erroneously low extraction ratio. However, 
this would also yield an erroneously high plasma flow, 

since the value A-R in ^ would be smaller than the 
true value. 
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venous difference, high plasma and urine inulinoid 
blanks and the relative insensitivity of the analyti- 
cal method as compared to the PAH method. The 
good check in the calculations of the renal plasma 
flow by the two methods in patient F. H. was sur- 
prising. The poorer checks obtained in the other 
three subjects were expected. The Cm and Ein 
of 0.00 may be due to lack of filtration or tubular 
back-diffusion of the inulin molecule or a com- 
bination of both. 

A urea extraction ratio determined in F. M. 
simultaneously with PAH yielded a value of 0.149 
and a calculated renal plasma flow of 24.1 cc./niin., 
affording an excellent check on the figure 24.5 cc./ 
min. as obtained by means of the PAH extraction 
ratio. 

A renal arteriovenous oxygen difference of 
3.0 volumes per cent with an oxygen utilization 
of 26.8 cc./min. obtained in subject W. M. on the 
17th day are within the normal range. The oxygen 
utilization was not determined in the other three 
patients. 

2. Renal clearance studies 

The results of the renal clearance studies are 
presented in Table II. There was a marked re- 
duction in the clearance values of all the substances 
studied during oliguria and early diuresis. The 
following points are of special interest : 

a. With the onset of diuresis the increment in 
the clearances of inulin, creatinine or urea were 
extremely small or even in the negative direction 
in patients F. M. and F. H. on the 10th and 12th 
days respectively. This suggests that the initial 
diuresis may be a reflection of tubular repair 
rather than an increase in glomerular filtration. 
However, since active water reabsorption appears 
to be markedly impaired at this stage, an increase 
in glomerular filtration, per se, of a magnitude 
small enough to be undetected with present meth- 
ods, may result in a large increment in daily uri- 
nary output. 

b. The U/P ratio for chlorides was always sig- 
nificantly less than 1.00, indicating preservation 
of selective tubular reabsorption of chlorides. 
During earl}’- diuresis the U/P ratio for inulin 
reached minimum values of 1.38 and 2.51 in pa- 
tients W. M. and F. H. respectively, with simul- 
taneous chloride U/P ratios of 0,51 and 0.20. 


Since the kidney is unable to do osmotic work at 
this stage, the urine being isosmotic with plasma 
(sp. gr. 1.010), water must follow the actively 
reabsorbed chloride in order that osmotic equilib- 
rium be maintained. Such low inulin U/P ratios, 
therefore, in the presence of considerable selective 
chloride rcabsorption, is suggestive of abnormal 
back-diffusion of inulin, 

c. The clearance of PAH, though reaching very 
low figures during the earl}^ recovery phase, was 
always greater than Cj.v and Ccn- In addition, 
TiupAu values were never negative, indicating con- 
tinued active tubular secretion of PAPI. 

d. In patient H, Z., who sustained the least renal 
damage as judged by recovery rate, the CR/IN 
clearance ratio remained close to unity between 
the 24th and 250th days. The other three patients 
revealed high CR/IN clearance ratios during the 
early recovery period with gradual declines to- 
wards unity as recovery neared completion. 

3. Recovery of function 

The recovery of the inulin, creatinine and PAH 
clearances and the TmpAH values together with de- 
clining plasma creatinine levels are plotted against 
days following the onset of oliguria for the indi- 
vidual patients in Figure 1. 

From Figure I it is evident that the recovery 
process may be arbitrarily divided into three func- 
tional phases. The first phase was initiated with 
the onset of diuresis and lasted from one to eight 
days. In spite of diuresis the plasma creatinine 
concentration continued to rise for one to three 
days apparently because of the absence of or v'^ery 
slight improvement in the clearance values. The 
second phase, starting between the second and 
ninth days, was initiated by a rapid fall in plasma 
creatinine concentration and a rapid increase in 
all the clearance values, reaching 40 to 70 per cent 
of the expected norm by the 40th day from the 
onset of oliguria. During this phase the relative 
CcR increment was greater than the Cpah, which 
in turn was slightly greater than the Qn incre- 
ment. The third phase, starting from about the 
40th day was associated wtih gradual rises in Cin, 
Cpah and Ccr, the lower limit of normal (80 per 
cent of the statistical norm) being reached be- 
tween the 100th and 200th day. Except for one 
Ccr value in patient F. H. on the 220th day the 
clearance values remained well under 100 per 




Fig. 1. iKDn'iDUAi- Recovery Curves eor Cijc, Cce, Cpin, Tmpin, akd Plasma Creatinii.’e Co.vce?.'ti>atio:cs i:; 
Four Subjects Recoi-erinc from Carbon- Tetrachloride Poieonin-c 
Cessation of oliguria occurred in F. M. on the 10th day, in F. H. on the third day, in H. Z. on the 11th day and in 
W. on the 17th day. 

” p 

* Effective renal blood flow, calculated by where H is the hematocrit expressed as a fraction of 1.00, is not 

recorded before the 30th day because of poor renal PAH extractions. 
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cent of the statistical norm throughout the period 
of observation. Patient W. M., who suflFercd the 
most severe functional renal damage with oliguria 
for 17 days, had a Cm of 108 cc./min. and a Cpah 
of 618 cc./min. on the 331st day from the onset of 
oliguria. 

In marked contrast, Tiiipah for all four patients 
rapidly reached high normal values in the third 
phase of recovery, with patient W. M. obtaining 
the supernormal value of 130 mgm./min. per 1.73 
sq. m. by the 175th day. With the further pas- 
sage of time all the TmpAH values declined, level- 
ing off at the expected normal value in F. H. by 
the 132nd day, in H. Z. by the 250th day and in 
W. M. by the 331st day. Because of the continued 
relative depression of Cpah and Qn the ratios Cm/ 
TmpAH and CpAn/TnipAH in all four subjects re- 
mained lower than normal. 

There was no correlation between the speed of 
recovery and the number of days of oliguria or 
the maximum plasma concentration of creatinine 
or urea. Thus, patient H. Z., the most critically 
ill of the four because of severe pulmonary edema, 
who suffered marked oliguria for 11 days and had 
peak plasma concentrations for creatinine and urea 
nitrogen of 32,0 and 226 mgm./lOO cc. respec- 


tively, recovered most rapidly. Conversely, al- 
though F. li, had questionable oliguria for two 
days the renal damage sustained by him was as 
severe as the two with oliguria 10 and 11 days. 

The sequence in which the usual clinical tests 
of renal function returned to normal is presented 
in Table III, The relatively low peak values for 
plasma urea nitrogen and creatinine concentrations 
in patient W. M. in spite of 17 days of severe 
oliguria is due to two runs on the artificial kidney.® 
The time of return to normal values of the plasma 
urea nitrogen concentration (8 to 18 mgm./lOO 
cc.) was from the 24th to the 36th day from the 
onset of oliguria; for the plasma creatinine con- 
centration (0.80 to 1.20 mgm./lOO cc.) from the 
29th to the 61st day. 

All four patients had proteinuria. During 
oliguria the urine protein concentration was 
roughly between 1.5 to 3.0 gms./lOOO cc. in three 
patients. W. M. spilled about 3 to 6 gms./lOOO 

8 Drs. H. E. Leiter and I. G. Kroop placed this patient 
on the Kolff artificial kidney for six hours on the ninth 
day, during which time his plasma urea nitrogen con- 
centration dropped from 108 to 69 mgm./lOO cc. A 
second dialysis on the 15th day caused a drop from 98 to 
57 mgm./lOO cc. 


TABLE in 


The sequence in which the clinical tests of renal function returned to normal 
in four cases of carbon tetrachloride poisonhig 


Patient 

Number 
of days 
of oli- 
guria 

Plasma urea nitrogen 

Plasma creatinine 

Proteinuria 

Specific gravity 

Phenol red 
excretion 

Day of 
disappear- 
ance of ab- 
normal urine 
sediment 

Maxi- 

mum 

cone. 

Day of 
max. 
cone. 

Day of 
return 
to nor- 
mal* 

Maxi- 

mum 

cone. 

Day of 
max. 
cone. 

Day of 
return 
to nor- 
mal* 

Sever- 

ity 

1 

Dura- 
tion of 
fixation 

12 hour 
wnter 

deprivation 

i 

Day 

Per cent 
of 6 

mgra. in 
2 hours 



vigm.l 



mgm.l 









1 

1 




100 cc. 



100 cc. 




days 

days 

day 

value 


1 















25 

38 


F. M. 

10 

131 

IS 

30 

26.5 

11 

40 

1-2+ 

30 

22 

33 

1.018 

33 

45 

20 














60 

75 













27 

1.011 

23 

41 


F. H. 

2** 

166 

12 

26 

16.9 

12 

61 

1-2+ 

30 

26 

132 

1.019 

28 

70 

20 












220 

1,025 















31 

1.012 




H. Z. 

11 

226 

14 

24 

32.0 

13 

29 

1-2 -f 

29 

20 

106 

1.020 

30 

55 

26 












252 

1,020 















33 

1.014 




W. M. 

17 

108 

8 

36 

20.9 

19 

37 

2-44- 

37 

35 

96 

1.025 

33 

70 

23 












175 

1,026 





* Arbitrary maximum normal values for plasma urea nitrogen and creatinine concentrations were chosen as 18 and 
1.20 mgm./lOO cc. respectively. 

•• The occurrence of oliguria is questionable in this case because of difficult anamnesis. Its duration, if present was 
definitely no longer than t^vo days. 
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cc. during this stage. With the onset of diuresis 
tlie daily proteinuria gradually decreased in quan- 
tity so that by the 30th day it had disappeared in 
all except W. M. In the latter it did so hy the 37th 
day. All four exhibited occasional faint traces 
of proteinuria for two to three months thereafter 
with eventual complete subsidence. 

.Following the onset of oliguria the urinar}' 
specific gravit}^ gradually became fixed between 
1.009 and 1.011 in all four patients and remained 
so for 20 to 35 days. The ability to concentrate 
urine to a minimum specific gravity of 1.025 after 
a 12 hour water fast returned relatively late, var}'- 
ing between 96 and 220 days. 

The abilit}^ to secrete an acid urine was onl)' 
slightly impaired from the onset of oliguria in 
three of the subjects, who had urine pH’s rang- 
ing from 5.4 to 6.7. In patient W. M., however, 
up to the 13th day urine with an average pH of 
about 6.0 was passed. From the 13th through the 
23rd day the urine pH ranged between 7.0 and 
8.0 in spite of mild clinical acidosis. Acid urine 
was again excreted on the 24th day when urine 
with a pH of 5.5 was passed. 

DISCUSSION 

The marked reduction of renal blood flow dur- 
ing late oliguria and the early recovery phase in 
carbon tetrachloride poisoning may be a sequela 
rather than the initial cause of the renal failure. 
Adequate explanation for this depression of blood 
flow is found in the development of severe inter- 
stitial edema and inflammatory swelling of the 
kidneys as described by MacMahon and Weiss 
(27), Smetana (1), Woods (2) and Lucke (3). 
Unfortunately. Iiecause of the nature of the meth- 
ods, it has not lieen possible to measure renal lilood 
flow in man at the onset of oliguria. The e.xperi- 
menlal results of Richards (6) and Bolicy cl a1. 
(7) with nejihroloxins suggest lliat renal blood 
flow may be normal during the initial phase of 
acute renal failure. 

The morphological and clinical similarities of 
the post-shock and the nephrotoxic anurias have 
been well established (2. 3). The common de- 
nominator a])pears to be tubular injury. The 
occurrence in man of severe and iirolungcd renal 
ano.xia during shock has been demonstrated by 
Ixuison. Bradley, and Couniand (28). and Bade- 
noch and Darmndy (29) found identical tubular 


lesions in men who died of post-shock uremia and 
in rabbits which developed uremia following two- 
hour ligation of the renal arteries. Thus, pro- 
longed renal anoxia simulates the nephrotoxic ac- 
tion of carbon tetrachloride. 

On the basis of the available information it is 
possible to formulate a working hypothesis con- 
cerning the pathogenesis of anuria and the mech- 
anism of recovery from the acute renal failure of 
carbon tetrachloride poisoning. During the first 
24 to 48 hours after exposure, because of nausea 
and vomiting, deh 3 fdration ma}" be present. Dur- 
ing this phase of gastro-intestinal irritation the 
urine, although scant, may be of normal composi- 
tion and of high specific gravit 3 A The tubules, 
still intact functionall 3 q respond to the needs of 
the organism by maximall 3 ^ reabsorbing water. 
Between the first and third da 3 "S after exposure 
the nephrotoxic action becomes manifest with 
severe oliguria or anuria and rapidly rising plasma 
urea and creatinine concentrations. Because of 
abnormal .glomerular permeability considerable 
protein and gross blood may be present in the 
scant urine that is passed. Until studies of early 
anurias are performed in man we must tentatively 
accept the findings of the experimentalists and ex- 
plain the scant urine flow of this stage by back-dif- 
fusion of the glomerular filtrate across the dam- 
aged tubule wall. “Tbe organism urinates into 
the kidne 3 ' instead of the bladder.” " There is 
now convincing evidence to minimize the role of 
pigmented casts in the production of oliguria by 
mechanical blockage (3). 

As oliguria progresses renal blood flow becomes 
markedl 3 " diminished. The resultant anoxia added 
to the initial toxic insult causes maximal depres- 
sion of tubular function. Some of the small 
amount of filtrate now formed appears to be lost 
1)3’ back-diffusion. It is of some interest that dur- 
ing tills jjJjase and tJiat of earh- dinre.si.s. aitjiongb 
there is fi.xation of urinarv specific gravitv aiul 
markedly depressed phenol red excretion. Tiui-ah 
and Ejun, the abilit 3 ' to retain chloride and to 
secrete an acid urine mav be only slightlv di- 
minished. 

Tests used for the secretory activity of the ])ro:.;- 
iinal tubular system during this ])ha.-e may yield 
erroneously low values because of back-difibision 
through the scverelv disorganized distal tubular 

■'This simile orieiantoi with Dr. P.ai!! KleTit's nr. 
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system. Apparently carbon tetrachloride i)oison- 
ing causes less injury to the proximal tubules than 
other circumstances leading to acute renal fail- 
ure, as in all the published cases in which func- 
tional studies were performed (six including the 
four presented herein) TnipAii was never negative 
and returned to normal values with relative ra- 
pidity. 

Diuresis initiates the recover}’’ process. It oc- 
curs without significant changes in the clearance 
values and in the presence of low renal blood flow, 
and probably represents reestablishment of the tu- 
bular barrier to the indiscriminate back-diiTusion 
of the filtrate. The rapid increase in tuiiular and 
glomerular function of the second stage of recovery 
is the result of tubular regeneration, diminishing 
renal interstitial pressure and rising renal blood 
flow. The gradual increase in filtration and blood 
flow of the third stage of recovery probably repre- 
sents gradual reabsorption of inflammatory tissue 
and reestablishment of the finer vascular channels. 
Burwell, Kinney, and Finch (30) present autopsy 
findings of a case of renal injury three months af- 
ter an episode of intravascular hemolysis, with 
death due to an unrelated cause, revealing cortical 
scarring. In a patient with acute carbon tetra- 
chloride poisoning causing four days of oliguria 
who died 10 months later from an unrelated cause, 
Simon (31) failed to demonstrate significant 
renal pathology. 

The high values for Tiupah obtained soon alter 
the 40th day may represent transient compensatory 
hyperfunction of the proximal tubular system. 
The ability to concentrate urine maximally is the 
last tubular function to return to normal, prob- 
ably representing final complete functional integ- 
rity of the distal tubule. These functional aspects 
of tubular recovery reflect the morphological pat- 
tern of mild proximal tubular damage and severe 
disorganization of the distal tubules. 

Since a severe absolute reduction in renal blood 
flow has been demonstrated in the late oliguria of 
carbon tetrachloride poisoning, the shunt de- 
scribed by Trueta and his colleagues, if operative 
at the time of measurement, could not have been 
of great functional significance, since such a mech- 
anism implies little reduction in total renal blood 
flow, but merely cortical bypassage. There has 
been no evidence to show that such a mechanism 
is responsible for the initiation of anuria in man. 


All data so far available indicate that this juxla- 
medullary bypass is of little physiological im])orl 
in normal man (32, 33), in man with increased 
intra-abdominal pressure (20), in essential hyper- 
tension (34) and in congestive heart failure (32, 
35) by tbe demonstration of continued normal 
renal extraction of PAH in tbese conditions. 

coNcnusioxs 

1. By means of tbe Tick principle tbe renal 
plasma flow was determined in four male sub- 
jects with acute carbon tetrachloride poisoning. 
Renal venous blood was obtained by calbeteriza- 
tion of tbe right renal vein. P-aminohijipurate 
was used as the test substance. In two of tbe 
subjects there was a marked reduction in the 
renal plasma flow and PAH renal extraction 
ratio. On the eighth day of oliguria the renal 
plasma flow in one of these subjects was 2.45 
cc./min. and tbe PAPI extraction ratio 0.034. 
On the 13th day from the onset of a questionable 
two-day oliguric period tbe second subject had a 
renal plasma flow of 160 cc./min. and a PAH ex- 
traction ratio of 0.106 in spite of a urine flow of 
over 3000 cc./24 hrs. In a third subject both the 
renal plasma flow and the PAH extraction ratio 
were normal on the 24th day. The fourth sub- 
ject, who had suffered oliguria for 17 days, had a 
renal plasma flow of 592 cc./min. on the 37th day 
and a continued depression of the PAH extraction 
ratio to 0.594. Because of low PAH extraction 
ratios Cpar is not a valid measure of renal plasma 
flow during oliguria and early diuresis following 
carbon tetrachloride poisoning. 

2. The oliguria and anuria of carbon tetrachlo- 
ride poisoning and the markedly depressed renal 
clearances of all substances during early diuresis 
are the results of a marked reduction in renal blood 
flow and glomerular filtration as well as abnormal 
tubular back-diffusion of the filtrate. It is prob- 
able that back-diffusion plays the most important 
role during early oliguria as decreased renal blood 
flow does during late oliguria and early diuresis. 

3. The recovery of renal function following 
acute renal failure due to carbon tetrachloride 
poisoning is characterized by three clinical ifliases. 
The first phase starts with the cessation of oliguria 
and is associated with rising plasma creatinine and 
urea concentrations in spite of an adequate urine 
flow. It lasts from one to three days, during which 
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time there is little change in Cin, Ccr and Cpah- 
The second phase starts with a rapid decline in 
the plasma nrea and creatinine levels and a simul- 
taneous rapid rise in Cjn, Ccr and Craii which 
reach 40 to 70 per cent o£ normal by the 40th day 
from the onset of oliguria. The third phase, start- 
ing about the 40th day, is characterized by gradual 
improvement in renal blood flow and glomerular 
filtration, so that the lower limit of normal is 
reached between the 100th and 200th day. Dur- 
ing this phase the ability to elaborate a maximally 
concentrated urine is recovered. 

4. During the early part of recovery phases 
TniRAii reached high normal or supernormal val- 
ues in three of the patients, ranging between 83.9 
and 130 mgm./inin. per 1.73 sq.m. These gradu- 
ally declined to the expected norm. The ratios 
CiN/TmpAn and CpAu/TmpAH, however, were 
significantly lower than normal in all four patients 
when last determined on the 60th, 250th, 307th 
and 331st day, respectively, suggesting some resid- 
ual vascular damage. 
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Rahn and Otis (1) have descrii^ed the normal 
changes in the alveolar gases during work and 
demonstrated the quantitative relationships be- 
tween alveolar oxygen, carbon dioxide, respira- 
tory quotient and ventilation by means of continu- 
ous recording of gas analyses. They were able to 
delineate the pathways of change which are con- 
trolled by the excretion of carbon dioxide, and ob- 
serve the effects of hyperpnea, hypoxia, hypo- 
ventilation and CO 2 iDreathing as well. Pelnar 
(2), at first independently and later in conjunc- 
tion with Rahn, observed the changes in expired 
air composition in normal subjects as well as in 
patients with cardiorespiratory impairment in rela- 
tion to work. By means of a simple diagram re- 
lating the changes in O 2 and COo content of ex- 
pired air with the respiratory quotient during the 
stress of exercise, he felt that he could delineate 
respiratory function better than by any other means 
in a manner that paralleled the intensity of dyspnea 
in patients. Between the extremes of a) normal 
performance with a large circular curve and b) the 
abnormal performance with no change in these 
values during exercise, Pelnar found a series of 
results which were characteristic of the varied 
stages of dyspnea. Thus he was able to evaluate 
functional performance largely in terms of changes 
in the rc.spiratory gases during exercise. In con- 
trast to this are the older methods reported by 
Kaltreidcr and McCann (3) who relied chiefly on 
ventilation volumes and ventilation indices to ap- 
])raise pulmonary capacity during work. Both 
Rahn and Otis (1) and Pelnar (2) express the 
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Medicine. 

- Fellow of (he General Education Board. 

■■ Rockefeller X'isitinc Fellow in Medicine. 


view that the level of ventilation is controlled in 
large measure by the CO 2 when breathing normal 
ambient air in which the strong stimulus of hy- 
poxia is lacking. The hypo.xic stimulus of breath- 
ing 15% oxygen in normals or hypoxemia from 
pulmonary disease in patients clearly induces 
greater ventilation levels, however. 

With these considerations in mind we have at- 
tempted to repeat these studies in both normal 
subjects and patients with disease to ascertain not 
only the normal respiratory pathways, but also the 
circulatory pathways during exercise and recover}'. 
Thus the inter-relationships between the two can 
be considered in a way to demonstrate how the 
adaptations of each complement and spare the 
other. The techniques employed consist essen- 
tially of controlled work-loads by means of walk- 
ing on a motor-driven treadmill and continuous- 
gas analyses of expired air as well as determina- 
tions of electrocardiographic changes in rate and 
pattern, blood pressure and arterial oxygen satu- 
ration (oximeter) (Figure 1). Observations have 
not been limited to the basal state in order to ob- 
tain an appraisal of performance to a standardized 
stress of exercise in relation to ordinary circum- 
stances in regard to diet, clothing and activity. 
In a separate report the stati.stical analyses of vari- 
ability of normal performances under the.'^c condi- 
tions is presented (4). For the purpose of defin- 
ing the normal^ pathways in this rejjort. onl}' the 
mean values of all pertinent observations obtained 
at minute intervals before, during, and after ex- 
ercise are graphically considered in relation to 
each other. 

METHOU.S 

Tliirty-fivc normal aclnlls were n^L'i for tbii invevti- 
'jntiim (in men. 15 wonK-n. raneine in aee irmn In t>. 

years). Each was allcecttly Iwahby an.l eainfnlly 
emplnytil. .ati'i none bail any (iructabic ".-'juelac nf any 
previous cnriiiac or pnlmonary dt-easr.-. .Ml rtu<,<l bri-.r.' 
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Fig. 1 

Arrangement of equipment for exercise tolerance testing. One ob.server remains on 
the treadmill platform with the patient, records blood pressure, electrocardiogram, symp- 
toms and signs. The other observer seated at the continuous analyzer records the heart 
rate, respiratory rate, ventilation volume, gas concentrations, :uul oximeter at one minute 
intervals. 


the test period and then were observed during 10 minutes 
of rest sitting in a chair, 10 minutes level walking on the 
treadmill at the rate of 2.6 mph (12 rpm of the conveyor 
belt or 70 meters per minute velocity), and again for 10 
minutes of recovery while sitting in a chair. Each was 
lightly clothed, and the barometric pressure and tem- 
perature were the prevailing room air values (747,3 + 
1.1 mm. Hg, 0.15% coefficient of variability) and 24.9 + 
1.9° C (7.9% coefficient of variability). 

The systemic blood pressure was obtained from an 
aneroid sphygmomanometer at frequent intervals, even 
during walking. Changes in arterial oxygen saturation, 
as well as variations in characteristics of the ear (green 
filter), were followed by an improved Millikan oximeter. 
Three electrodes attached to a rubber belt around the 
subject’s chest for “ground,” “indifferent” (right scapula) 
and “apical” contacts permitted registration of the chest 
lead electrocardiogram on a direct-writing instrument 
as well as continuous recording of the pulse from the 
amplified QRS spikes. Expired air gas data were ob- 
tained from a modified A-13A ox 3 'gen mask through a 
\y 2 inch corrugated rubber hose mixing chamber con- 
ducting to a continuous gas analyzer. Ventilation vol- 
umes were electrically recorded from a low resistance 
(differential pressure less than 1 inch of water) wet- 
test gasometer with accuracy of + 1.65% at 100 liter 
per minute velocities. The respiratory rate was re- 
conled by activation of a variable time-delay relaj' coun- 
ter. Gas analyses were made continuously on aliquot 
(saturated with water) samples (at flow rates of 100- 
125 ml per minute regulated by calibrated rotameters), 


by means of a thermal-conductivity cell for carbon- 
dioxide expressed in volumes per cent ; and a suitable 
Pauling o.xj’gen analyzer which determined the partial 
pressure of oxygen. The calibration of each was estab- 
lished and checked against room air prior to each test. 
The terminal portion of each expired breath (mid- 
capacity air)'* was continuously sampled by the alternate 
pulsations of a very thin rubber balloon incorporated in 
the face piece of the mask for analyses of oxygen tension 
by a second Pauling analyzer and the derivation of 
changes in the physiological dead space. These values 
included the dead space of the mask which was reduced 
b 3 ' careful packing with cotton. At the rates of flow 
stated above, the aliquot gas samples reached the ana- 
lyzers after a lag of 10-20 seconds for expired air and 
40-50 seconds for the mid-capacity air. Since the re- 
sponse of the CO„ analyzer was delayed to 99% peak 
reading in five minutes from zero concentration, acute 
changes in CO, concentration could not be followed with 
accuracy. Hence no correction for inspired air volume 
from differences in nitrogen concentration in expired air 
were made, and estimates of the expired air respiratory 
quotients were only approximated values (averaging 
about 4% too high), (Figure 2). 

5 In the traditional sense, alveolar air has the composi- 
tion of that volume of air which is obtained at the end 
of jorced expiration, hence includes in the last portion of 
the reserve air partition of the pulmonary capac^t 3 ^ “Mid- 
capacit 3 '” air corresponds in gaseous compo.sition to 
that obtained at the end of normal expiration. 
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Fig. 2 

The differences in oxygen consumption calculated 
directly are compared with those obtained by correction 
for changes in nitrogen tension. The magnitude of error 
by the short cut calculation is considered almost negligi- 
ble in relation to the change in oxygen consumption 
initiated by exercise. 

The reproducibility and accuracj- of gas analyses by 
this method was estimated as variations of duplicate 
analyses from an ideal value of zero in terms of standard 
deviations as follows : 

CO 2 vol. % O 2 vol. % 

a) Haldane technique + 0.0S4 + 0.058 

b) Continuous analyzer + 0.160 + 0.028 

c) Between “a” and “b” + 0.360 + 0.083 ® 

Consequently reliance was placed upon the oxygen 

values. Suitable conversion tables permitted rapid de- 
termination of the volumes per cent of oxygen absorbed 
(respiratory efficiency) from air from the observed e.x- 
pircd air pO, reading and the dry barometric pressure at 
the operating temperature. .Similarly a factor was es- 
tablished for each subject that permitted conversion of 
the ventilation volumes observed into liters per square 
meter of body surface area at 760 mm. Hg and 0° C dry. 
The oxygen consumption was estimated from the product 
of the corrected minute ventilation and the respiratory 
efficiency and ranged between 96-101% (depending on 
the R.Q.) of the true value based upon corrections for 
nitrogen differences in inspired and expired air. All 
primary obser\-ations were recorded and graphed at one 
minute intcn-als (Figure 3). From these data, average 
values per period, dead space volumes, oxygen debt, 
ventilation indices, etc. were calculated. 

.•\cccssorj- procedures routinely employed were the de- 
termination of maximum /nask breathing capacity bv 
mcan.s of voluntary hyperventilation for 30 seconds at 
the completion of the above test, changes in oximeter 

® The standard error for o\-ygcn analyses determined 
by the Haldane technique was 3.3 times greater than that 
obtained by the Pauling o.xygen analyzer. 


readings with breath-holding, and estimation of lung-to- 
car circulation time with the oximeter. 

RESULTS 

Inasmuch as statistical analyses showed no sig- 
nificant differences in the data according to the 
sex of the subjects, all the consecutive one min- 
ute observations for the mean values of both sexes 
have been compiled together. The resting values 
(allowing for differences in basal state, tempera- 



Fic. 3 

Typical exercise performance graph of a normal male 
subject. The values of “11%” and “1.0" adjacent to the 
recovery curve for oxygen consumption refer to o.xygen 
debt and half-time recovery time, respectively. The value 
of minute-by-minute observations of multiple measure- 
ments is illustrated by the fleeting changes in heart rate, 
ventilation, and o.xygen consumption occurring on the 
seventh, 19th, and 2Sth minutes. These NXiriations were 
involuntary reactions to environmental stimuli initiated 
by visitors during the period of observation. Tb.c subject 
was unaware of these variations. 
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RATES OF ADAPTATION 

X CHANOE FROM PRECEDING MINUTE 



Fig. 4 

Tlic rates of adaptation to cliaiit;in!i slates of nclivit.v 
are compared on the basis of per cent chaniie from the 
preceding mean one minute values for ventilation volume, 
oxygen consumption, volumes per cent of oxygen ab- 
sorbed from expired air and heart rate for the first four 
minutes of exercise and recovery. The lOtb niinulc repre- 
sents changes from standing. Note that ventilation and 
oxygen consumption show the greater changes first, and 
that the change in volumes per cent of oxygen absorbed is 
delayed, causing the final increment in oxygen consump- 
tion during exercise. 

ture and pressure) are in accord with those re- 
ported others. 

The rates of changes in the observations of 
ventilation, oxygen consumption, respiratory efifi- 
ciency (volumes per cent of oxygen absorbed) 
and the heart rate are shown in Figure 4. These 
changes are expressed as percentage changes in 
the several factors from the immediately preceding 
minute during the periods of adaptation to and 
from a steady state of exercise. The values for the 
10th minute of observation represent the changes 
induced by standing up and are of smaller magni- 
tude than those for walking. As a result of exer- 
cise both ventilation and heart rate promptly rise, 
but the greatest change is confined to the first 
minute. The ox 3 ^gen consumption initially rises 
in proportion to the ventilatory response, but 
thereafter it continues to rise during the next min- 
ute because of the greater respirator}^ efficiency. 
By the 13th minute of observation all factors have 
approached a new and relatively stable range 
during the steady state of exercise. In recovery 
the reverse changes promptly occur, but in this 


instance there ate twn apparent dilfereiice.s : </) 
there is nc lag in decline of re-'pir.-itcry eilicieiicy. 
aiul /’) the heart rate i.s re-'tnred toward the rest- 
ing level more rapidly than the other factors. 

'I’liere are change.s in the phy.siologic.nl dead 
s/uiee along with the increments in the inul-ea- 
f’deity 't'eiililaliini a.ssoriated with e.xercise ( iMg- 
ure .3). The l.attiT .shows an almost line.ar rise, 
ihiring the tirst thret* mimites of e.xercise as well 
as a linear decline in three mimites during re- 
covery from exercise. During the last seven min- 
utes of exercise there is a just perceptible increase 
in the mid-cajiacity ventilation. T he slight dis- 
crepancies between total ventilation and mid- 
cajiacity ventilation appear to be related to fluctua- 
tions in the physiological dead space. ( )n the 
average, throughout the three periods of observa- 
tion the dead space represents JID of the tidal 
volume. Both the relative and absolute values for 
the dead space are lower than those reiiorted by 
others (I’lbont 26 to 30^/ | .3, f'J ). and recent im- 
])rovenients in the face mask sampling device yield 
somewhat higher dead space values indicating a 
technical error as partly responsible for these dis- 
crepancies. Although the dead space shows a 
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Fig. S 

Relationships of mean intrapulmonary ventilation, 
physiological dead space, and tidal air volume in ambient 
values, B. T. P. S., in normal subjects. 
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MEAN RESPIRATORY PATHWAYS 



The mean respiratory pathways in normal subjects illustrate the various 
inter-relations between ventilation, oxygen consumption, ventilation equiva- 
lents for oxygen, respiratory quotient, and changes in activity from rest 
to exercise and back to rest again. The arrows indicate the direction of the 
loops, and the numbers adjacent to the loops indicate the specific minutes of 
observation during the testing procedure. The iso-R.Q. lines are indicated 
by the background grid; note that the ultimate exercise R.Q. is slightly 
lower than the resting value. (Inasmuch as the oxygen consumption and 
dead space change with activity, iso-ventilation lines cannot be applied to 
this graph}. Note that the ventilation equivalent ior oxygen is lower dur- 
ing exercise than at rest, indicating increased pulmonary capillary flow and 
more effective oxygenation of the pulmonary arterial blood. See text for 
further discussion. 


disproportionately large value early in exercise 
followed by a transient decline, the average dead 
space value during exercise is 62^ larger than 
the resting values. 

. The mean respiratory pathways of adaptation 
from a steady state of rest to that of exercise and 
the converse during recovery are shown in Figure 
6. The oxygen consumption at first increases pro- 
portionately with the increments in ventilation, 
ot a little later it rises more rapidly because of 
greater respiratory efficiency (volumes per cent 
o oxygen absorbed, or reciprocally, diminishing 
ventilyion equivalents for oxygen). The im- 
pro\e^ respirator)' efficiency is a function of more 
e ective alveolar ventilation and circulation as 
ue ^ a terations in blood flow and composition 
(see eow). Concurrently the physiological dead 
space en arges. ^ After the 13th minute of observa- 
lon (t lird minute of exercise), the estimated 


oxygen consumption gradually declines 5% as 
the respiratory efficiency slowly recedes (Figure 
6) with a perceptible rise in mid-capacity venti- 
lation (Figure 5). On the average there is 
a 22% increase in respiratory efficiency at this 
level of work. The estimated R.Q. of expired air 
shows wide fluctuations during the adaptive phases 
because of the differences in rates of change in 
the several factors representing ventilation and 
circulation. The direction of change in the R.Q. 
is always a clockwise loop showing a low value 
early in exercise as the highest values for respira- 
tory efficiency are achieved by the 13th minute of 
obseri'ation (Figure 6). During steady states of 
performance, either rest or activity, the expired air 
R.Q, may be considered representative of tissue 
metabolism throughout the body. With this level 
of work, the R.Q. does not rise above the resting 
value as it does with more severe levels of work 
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MEAN CIRCULATORY PATHWAYS 



The mean circulatory pathways in normal subjects il- 
lustrate the various inter-relations of heart rate, oxygen 
consumption, pulse equivalents for oxygen, amount of 
oxygen carried per heart beat and electrocardiographic 
K constant during changes in activity from rest to exer- 
cise, and back to rest again. Note that the heart rate 
rises rapidly during the first minute, and maintains a 
plateau thereafter during exercise. The decline in pulse 
equivalents indicates a rise in stroke volume. The ar- 
rows indicate the direction of the loops, and the numbers 
adjacent to the loops indicate the specific minutes of 
observation during the testing procedure. 

(7). With the onset of recovery the R.^. of ex- 
pired air transiently exceeds 1.0 as retained CO 2 
continues to be excreted in excess of the rate of 
oxygen absorption reduced with diminished tis- 
sue demands for oxygen.'^ Simultaneously the 
level of ventilation is maintained above the tissue 
demands by the stimulus of retained CO 2 , and 
concurrently most of the aerobic oxygen debt is 
repaid. 

The mean circulatory pathways, based upon 
consecutive observations of minute heart rate, 
oxygen consumption, oxygen transport per heart 
beat, and systolic time are shown in Figure 7. 
The systolic time is derived from the (chest lead) 

^ Pelnar utilizes the abnormally high R.Q. values dur- 
ing steady states of either rest or moderate activity to 
recognize the presence of hyperventilation, beyond the 
metabolic needs of the tissues, caused by neuropsychogenic 
factors. The usage of the term “respiratory quotient” 
in this sense may be unfortunate, especially when con- 
sideration is given to the limitations in accurately mea- 
suring the concentration of carbon dioxide by the present 
authors. Possibly the term “respiratory ratio” or ratio 
of carbon dioxide excreted to oxygen absorbed would be 
more appropriate. 


electrocardiographic ciiatigcs iu the K constant, 
or observed QT interval divided by the square 
root of the cycle length to correct for changes due 
to rate. The oxygen transj^ort is derived from 
the following equations : 

(a) Cardiac Output 

= Heart rate X stroke volume 

_ Oxygen consumption 
A-Y O 2 difTerence 

and by substitution : 

(b) Oxygen Transport 

— Q-'^ygcn consumption 
Heart rate 

= Stroke volume X A-V O 2 difference. 

The oxygen transport also represents the average 
rate of oxygen transfer from cither alveolar air 
to mixed venous blood, or arterial blood to periph- 
eral tissues, per unit of physiological time of one 
heart beat. Statistical analyses of rates of change 
in large series of observations on normal subjects 
show that there is a 7^ increase in cardiac output 
for every 10^ increment in oxygen consumption, 
and that the stroke volume shows somewhat 
greater increases than the A-V oxygen difference 
with increasing cardiac output (8). Similarly 
analyses of the present series of mean values shows 
a linear relationship of a high order of significance 
between oxygen consumption and oxygen trans- 
port (r = 0.938). With the initiation of exer- 
cise the heart rate promptly accelerates during the 
first minute of exercise and thereafter remains on 
a plateau (Figure 4). Since the oxygen consump- 
tion continues to rise, and hence the cardiac out- 
put, further increases in cardiac output must be 
achieved by larger stroke volumes. The rates of 
change in oxygen transport show the greatest in- 
crease during the second minute of exercise when 
the A-V oxygen difference probably is also widen- 
ing due to a reduction of mixed venous oxygen 
content caused by blood returning from the exer- 
cising muscles (7). Concurrently the respira- 
tory efficiency is attaining its highest and the R.Q. 
its lowest values. During these adaptive changes 
in circulation (Figure 3) there are corresponding 
changes in the systolic time manifested by the 
electrocardiographic K constant. Initially with 
exercise there is an appreciable rise during the 
first minute followed by gradual fluctuations dur- 
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ing the remainder of exercise; on the average the 
exercise systolic time is 7% greater than that ob- 
served during the resting period. With recovery 
the K value falls during the 21st and 22nd minute 
of observation to 9% below the exercise range and 
then gradually resumes the resting value. In none 
of the normal subjects studied at this level of 
work were there any significant alterations of the 
QRS complexes, ST segments, or T waves, other 
than the effects of a more rapid rate; ie., no 
changes in the electrocardiogram that could be 
associated with possible or probable insufficiency 
of the coronary circulation. 

DISCUSSION 

The continuous recording of the heart rate elec- 
trocardiographically, ventilation volume, and re- 
spiratory efficiency of expired and mid-capacity 
air, as well as the carbon dioxide concentration 
during changes in the metabolic demand initiated 
by exercise greatly supplements the existing in- 
formation about either ventilatory performance or 
alterations in gaseous composition. By these 
means the pathways of respiratory and circula- 
tory adaptation to the stress of exercise can be ob- 
served in terms of degrees, as well as rates, of 
change in a manner that demonstrates the com- 
plementary sparing action of the several variables. 
Appreciable uniformity of results can be approxi- 
mated by control of the work-load in proportion to 
the body size by means of walking on a motor- 
driven treadmill. These studies have not been 
performed under basal conditions in order to ob- 
serve the responses in both normal subjects and 
patients with cardio-respiratory diseases under 
ordinary circumstances of daily activity. An 
analysis of the range of variability and reproduci- 
bility of results in normals and alterations pre- 
sented by patients with disease will be the sub- 
ject of later reports. The resting values observed 
by these methods are in reasonable accord with 
those observ'ed by others employing the Tissot- 
Haldane methods (9). The pathways of responses 
for expired air are similar to the findings of Rahn 
and Otis (1) for normal alveolar pathways in ex- 
ercise as well as those of Pelnar (2) for the 
changes in expired air composition initiated by 
exercise. 

These studies demonstrated the following 
changes which regularly occur with exercise: 


ventilation and heart rate promptly rise to a 
higher plateau, but the heart rate levels off by the 
second minute of exercise whereas the mid-ca- 
pacity ventilation continues to increase in a linear 
fashion for three minutes. The R.Q- of expired 
air initially declines with exercise as the respira- 
tory efficiency (denominator, or volumes per cent 
of oxygen absorbed) rises and overshoots the 
steady state value by the third minute of exercise 
(Figure 6). This transient change is an expres- 
sion of greater alveolar ventilation and circulation 
(together with enlarged physiological dead space) 
as well as greater diffusion of oxygen into more 
rapidly circulating blood which has a lower con- 
tent of oxygen as a result of increased muscular 
demand in exercise (7). The arterial oxygen 
saturation is maintained; hence the A-V oxygen 
difference widens ; and since the oxygen consump- 
tion continues to rise for three minutes (and heart 
rate does not), there is a progressive increase in 
stroke volume. The striking increase in oxygen 
transport per heart beat during the second minute 
of exercise is an expression of the changes in both 
the A-V oxygen difference and the stroke volume 
since it is the product of these two factors. As the 
apparent circulatory lag in adaptation to exercise 
is corrected, the expired air R.Q. gradually rises 
during the further attainment of the steady state 
of exercise and the respiratory efficiency slowly 
declines; ventilation just perceptibly rises; and 
oxygen consumption diminishes by about 6fo. 
These changes are considered to reflect peripheral 
circulatory adjustments as vasodilatation occurs to 
dissipate heat and slight arteriolization of venous 
blood from small peripheral shunts permits the 
mixed venous oxygen content to rise (and narrow 
the A-V oxygen difference) ( 10, 1 1 ) . With these 
changes there is no significant change in diastolic 
blood pressure although the systolic pressure, and 
hence, the pulse pressure increase. The alterations 
in the S3-stolic time expressed by the electrocardio- 
graphic K constant are considered expressions of 
changes in blood flow as well as contractile force 
and ventricular empt\-ing associated with increased 
stroke volume. Some individuals exhibit slight re- 
ductions in both heart rate and ventilation about 
the seventh minute of exercise, indicating further 
adjustments in performance; possibly these changes 
account for the phenomenon of the “second wind” 
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subjectively observed at more severe levels of 
work. 

Recovery from exercise begins at once, and in 
normal subjects at this level of work it is largely 
completed within three minutes. The first vari- 
able to approach the resting level is the heart rate 
which corroborates the usefulness of the recovery 
pulse as a measure of physical fitness (12). Dur- 
ing this time the expired air R.Q. rises above 1.0 
as retained carbon dioxide continues to be ex- 
creted, delaying somewhat the restoration of ven- 
tilation to the resting level although favoring the 
repayment of most of the aerobic oxygen debt. 

SUMMARY 

1. The mean respiratory and circulatory path- 
ways of adaptation to the stress of exercise have 
been studied in 35 normal adults. The work-load 
was regulated by treadmill walking, and multiple 
observations were made continuously at one min- 
ute intervals before, during, and after the exercise. 

2. The previously reported changes in gas com- 
position were confirmed. 

3. The additional values of simultaneous con- 
sideration of circulatory changes are discussed. 

4. The adaptive changes in respiration and cir- 
culation are shown to complement and spare each 
other by the differences in time and rate of change. 
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In the preceding report (1) the complementary 
adaptations of respiration and circulation to the 
stress of exercise in normal subjects were de- 
scribed. Various isolated measurements, obtained 
by a method of continuous observation, were 
found to be in accord with those reported by earlier 
investigators employing the established Tissot- 
Haldane techniques of respiratory gas analysis. 
Because of the continuity of observation, various 
rates of change in adapting from a state of rest to 
a standardized stress of exercise (treadmill walk- 
ing) as well as rates of recovery could be observed 
in relation to each other as loops of cardio-respira- 
tory responses. These respiratory and circulatory 
pathways portray the representative responses in 
normal subjects, but a survey of the range of vari- 
ability in normals and patients is needed before 
these pathways can be utilized properly for the 
study of impaired functions in patients with cardio- 
respiratory diseases, Pelnar (2) has critically re- 
viewed the existing methods of functional ap- 
praisal of the causes of d)"spnea in patients and ex- 
pressed the opinion that his new method based 
upon the continuous study of the R.Q. curve dur- 
ing rest, exercise and recovery provides a more 
satisfactory appraisal of function in relation to 
dyspnea than any other method previously avail- 
able. If these observations can be confirmed, then 
continuous observation of standardized exercise 
may provide the means of rating disability in re- 
lation to functional impairment of respiration and 
circulation and possibly differentiating between the 
two chief types of dyspnea in patients : pulmonary 
insufficienc}' and circulator}' insufficiency. 

It is the purpose of this paper to analyze statis- 
tically the data obtained from the same 35 normal 
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2BcrtIia Hochstetter Buswcll Research Fellow in 

Medicine. 

2 Fellow of the General Education Board. 


adults previously reported (1) to determine the 
range of normal variation for the several measure- 
ments. By this means the minimum and maximum 
value for each factor during rest, exercise or re- 
covery can be determined. Secondly, the magni- 
tudes of change in the several factors in normal 
subjects performing at this standardized work- 
load are assessed in both normal subjects and pa- 
tients with various diseases causing clinical symp- 
toms and signs of functional impairment. Hence 
the necessary percentage change in the various exer- 
cise measurements for a significant difference in 
the same individual on repeated examinations was 
estimated. Thus the comparative value of the 
various measurements made can be estimated to 
ascertain those which are more reliable for discrim- 
inating functional impairment and rating physio- 
logical disability, 

METHODS 

Statistical analyses consisted of determination of the 
standard deviation, standard error and coefficient of 
variation for each of the observations in the same 20 
normal males and 15 normal females previously reported 
in terms of mean values. The standard deviation of the 
mean values was calculated according to the formula 

Cm = j , assuming, of course, that our sample 

was truly a representative group. Standard error was 
calculated according to the formula SEo = 

"ViV — 1 

and the coefficient of variability was calculated as 

mean 

multiplied by 100 to e-xpress all values in per cent. Be- 
cause two standard deviations above and below the mean 
include approximately 95% of the range that can be 
c-xpected on the basis of random sampling, tlie limits of 
normality are tabulated as plus or minus two standard 
deviations from the mean values for the periods of rest, 
exercise and recovery. 

■* = standard deviation of mean; d = difference of 

observation from the mean: — = summation; N = degrees 
of freedom. 
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TABLE I 


Stalistkal analysis of all measurements (20 males — J5 females) 


Factors analyzed 

Units 

Mean 

Standard 

deviation 

Standard 

error 

Coefficient of 
variability 
(per cent) 

• 


M 

■■ 

M 

■1 

M 

B 

M 

F 

Age 

years 

30.2 

32.2 

5.3 

10.2 ' 

1.21 

2.73 

17.5 

31.7 

Arterial oxygen saturation 
(oximeter) 

per cent 

95 

96 





■ 


Rest 


1 

3 

.24 

.83 

Bn 

0,1 

Exercise 


95 

97 

2 

4 

.48 

1.11 

wl 

4.5 

Recovery 


95 

98 

2 

4 

.48 

1.11 

HI 

4.5 

Breath-holding time 

seconds 

37 

38 

17 

8.3 

4.8 

2.3 

46.0 

21.8 

Cardiovascular data 

Circulation time (lungs to ear) 

Heart rate 

seconds 

5.6 

5.2 

1. 

1.1 

.23 

.30 

17.8 

21.2 

Rest 

beats min. 

80 

81 

11.0 

7.7 

2.67 

2.06 

13.7 

9.5 

Exercise 


102 

107 

11.0 

3.0 

2.67 

2.43 

10.8 

8.5 

Recovery 


82 

85 

12,0 

7.9 

2.91 

2.11 

14.6 

9.3 

Systolic pressure 


124 








Rest 

mm. Hg 

118 

10.0 

11.0 

2.36 

2,94 

8.1 

9.3 

Exercise 

139 

136 

14.0 

18.0 

3.30 

4.82 

10.1 

13.2 

Recovery 


128 

121 

10.0 

13.0 

2.36 

3.42 

7.8 

14.9 

Diastolic pressure 



78 






7.7 

Rest 

mm. Hg 

80 

11.0 

6.0 

2.6 

1.60 

13,7 

Exercise 

82 

78 

10.0 

7.0 

2.36 

1.87 

12.2 

9.0 

Recovery 


82 

79 

9.0 


2.12 

1.87 

11.0 

8.8 

Pulse pressure 





i 





Rest 

mm. Hg 

44 

40 

10.0 


2.36 

2.14 

22.7 

20.0 

Exercise 

55 

58 

13.0 

16.0 

3.07 

4.28 

23.6 

27.6 

Recovery 


46 

42 

7.0 


1.65 

2.94 

15.2 

26.2 

Metabolic demands 

Calories 








■I 

15.0 

Rest 

cal. min. 

1.28 

1.02 

.22 

.15 

.051 

.041 

IB 

Exercise* 


2.56 

2.26 

.41 

.66 

.95 

1.71 


29.2 

„ . . r Exercise cal. 

Ratio of — -r- r- 

Resting cal. 


2.02 

2.22 

1 

.11 

.16 

.025 

.044 

ra 

7.5 

Oxygen consumption 








15.3 

12.8 

Rest 

ml./sg.m.lmhi. 

: 137 

125 

21.0 

16.0 

4.8 

4.3 

Exercise 

STPD 

393 

379 

47.0 

55.0 

10.8 

14.7 

11.9 

14.5 

Recovery 


160 

153 

22.0 

14.0 

5.1 

3.7 

13.8 

9.1 

Oxygen debt 

per cent 

8 

10 

3.0 

3.0 

.69 

.81 

37.5 

30.0 

Half-time recovery 

Oxygen transport 

min. 

.8 

1.1 

0.2 

0.3 

.046 

.08 

.058 

25.0 

15.1 

27.2 

12.3 

Rest 

ml.lsg.m.lmin. 

1.72 

1.54 

.26 

.19 

.059 

Exercise 

STPD 

3.83 

3.44 

.24 

.28 

.055 

.075 

6.3 

8.1 

Recovery 


1.96 

1.82 

.32 

.21 

.074 

.056 

16.3 

11.5 

Respiratory gases 

Oxygen absorbed (expired air) 


1 



1 

■1 



8.8 

Rest 

vol. % 

4.18 

3.86 

.39 

.34 


.091 

9.3 

Exercise 

5.17 

4.86 

.39 

.45 


.12 

7.5 

9.3 

Recovery 


4.14 

3.86 

.39 

.34 


.09 

9.4 

8.8 

Carbon dioxide excreted (expired air) 


i 






Rest 

vol. % 

3.91 

3.43 

.50 

.44 

.11 

.12 

12.8 

12.8 

Exercise 

4.64 

4.14 

.53 

.44 

.12 

.12 

11.4 

10.6 

Recovery 


4.23 

3.82 

.55 

.44 

.13 

.12 

13.0 

11.5 

Respiratory quotient (expired air) 

ratio 









Rest 


.94 

.88 

.03 

.08 

.007 

.021 

3.4 

9.4 

Exercise 


.89 

.85 

.03 

.08 

.007 

.021 

3.4 

9.4 

Recovery 


1.02 

.99 

.04 

.09 

.009 

.024 

3.8 

9.1 

Oxygen absorbed from mid-capacity 










air 

vol. % 









Rest 

5.33 

4.89 

.48 

.37 

.11 

.09 

9.0 

7.6 

Exercise 


6.41 

6.01 

.28 

.48 

.066 

,128 

4.4 

8.0 

Recovery 


5.39 

4.99 

.30 

.36 

,071 

.096 

5.5 

7.2 
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TABLE I — Conlinuei 


Factors analyzed 

Units 

Mean 1 

1 

Standard 

deviation 

Standard 

error 

Coefficient of 
variability 
(per cent) 



M 

F 

M 1 

F 

M 

F 

M 

F 

Surface area 

sq.m. 

1.88 

1.66 

.13 1 

.14 

.029 

.037 

6.9 

8.4 

Ventilation 

Maximum mask breathing capacity 

(STPD) 

LIsqM.lmin. 

30.3 

29.3 

6.0 

5.2 

1.4 

1.4 

19.8 

17.7 

Minute ventilation 









Rest 

Llsg.ni.lmin. 

3.28 

3.25 

.54 

.50 

.124 

.134 

16.5 

T5.3 

Exercise 

7.57 

7.86 

.93 

1.19 

.213 

.318 

12.3 

15.1 

Recovery 


3.84 

3.91 

.55 

.49 

.126 

.131 

14.3 

12.5 

Respiratory rate 










Rest 

breaths/min. 

14 

IS 

2.76 

2.6 

.63 

.69 

19.7 

17.3 

Exercise 


18 

22 

3.03 

3.5 

.69 , 

.93 

16.8 

15.9 

Recovery I 


14 

16 

3.21 

2.5 

.73 

.67 

! 22.9 

15.6 

Tidal air 1 








I 


Rest 

tnl.Isq.tn.fmin. 

252 

226 

67 

38 

15. 

10. 

26.5 

17.0 

Exercise i 

434 

367 

81 

66 

18.6 

17.6 

18.7 

18.0 

Recovery 


285 

251 

72 

1 33 

16.5 

8.8 

25.2 

13.1 

Ventilation equivalents for oxygen 
Rest 

LImin. 

2.42 

2.63 

.22 

.24 

.05 

.06 

9.1 

9.1 

Exercise ' 


1.96 

2.11 

.12 

i .21 

.027 

.056 

6.1 

9.9 

Recovery 


2.46 

2.66 

.24 

! .24 

.055 

.064 

9.7 

9.0 

Ventilation index 

ratio 

5.4 

7.1 

1.0 

2.3 

.23 

.61 

18.5 

32.0 

Vital capacity (STPD) 

L/sq.m. 

Hi 

1.8 

.3 

' .4 

,068 

' .107 

14.3 

22.0 

Average vital rate 

L/sec. 

n 

1.4 

.5 

1 .7 

1 

.11 

.20 

29.4 

50,0 


* Corrected for R.Q. and Oxygen Debt 


Variations within each of the three periods of ob- 
servation were studied similarly for the basic primary 
measurements of heart rate, ventilation volume, and 
respiratory efficiency (volumes per cent oxygen ab- 
sorbed), Each item was measured at one minute in- 
tervals consecutively, and the standard deviation of the 
mean values was calculated for all 35 normal subjects. 
By this method, one thus obtains a measure of the 
variability of minute-to-minute analysis in any one 
period. 

The magnitude of change from one period to another 
in the various factors was expressed as percentage change 
from the resting values during exercise and recovery. 

The reproducibility of exercise performance was de- 
termined by analysis of the standard deviation of the 
mean value for repeated tests on the same individual. 
This analysis also includes sev'en abnormal patients upon 
whom repeated tests were made. Coefficients of vari- 
ability were determined in this group as described above 
for the average heart rate, ventilation volume and respira- 
tory efficiency, oxj'gen consumption, volumes per cent 
of carbon dioxide excreted in expired air, estimated 
R.Q., duration of walking in minutes, oxygen transport 
per heart beat and oxj'gen debt. All gas volumes were 
(urpressed in terms of STPD, corrected for surface area. 
The patients utilized for this purpose had the following 
cdinical diagnoses: chronic pulmonary granulomatosis as- 
sociated with berj'llium compounds (two), bronchosteno- 
sis following organizing pneumococcal pneumonia (one), 
pericardicctomy for relief of constrictive pericarditis' 
(one), coronarj- insufficiencj- following healed coronary 


occlusions (two), and congenital heart disease due to 
pulmonary stenosis and auricular septal defect (one). 
The period of time for these observations ranged from 
one month to 12 months. 

RESULTS 

1. Statistical variations between normal subjects 
to the standardised exercise test (2.6 mph level 
walking for 10 minutes) 

The observ'ations on 35 normal adults are sum- 
marized in Table I in terms of mean values, stand- 
ard deviations, standard errors, and coefficients of 
variability according to se.x. There is no signifi- 
cant difference between se.xes,® and accordingly 
the averages for men and women for the several 

^ A difference is considered significant when there is 
less than one possibility in 369 of being due to chance 
selection, or there is a three-fold difference between Uic 
standard errors. 

® The apparent difference in resting o.xj-gen saturation 
is an artefact since the calibration of the oximeter is 
arbitrary. The ventilation index is almost significantlj' 
higher in men than women, largely because tlie vital 
capacity (used in the denominator of the formula) is 
slightlj' smaller in women. \^cntilation index eguals the 
sum of the average exercise and recoverj- minute venti- 
lation t-alucs divided by the vita! capacity, all expressed 
in volumes corrected for STPD and body surface area. 
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TABLE 11 

Normal limits plus or minus two standard deviations from combined mean value {male and fcmald) 




Mcnn 

Min. 

Max. 

Breath-holding 

Circulation time 

seconds 

37.5 

12 

63 

seconds 

5.4 

3.2 

7.6 

Heart rale 





Rest 

bcats/inin. 

81 

62 

99 

Exercise 


104 

90 

118 

Recovery 


84 

• 61 

107 

Systolic pressure 

mm. Hg 

121 

101 


Rest 

142 

Exercise 

138 

106 

170 

Recovery 


ns 

102 

148 

Di-astalic pressure 


79 

62 


Rest 

nun. Hg 

96 

Exercise 

80 

63 

97 

Recovery 


81 

65 

97 

Pulse pressure 

mm. Hg 

42 



Rest 

24 

60 

Exercise 


56 

27 

85 

Recovery 


44 

26 

62 

Calories 





Rest 

cal. /min. 

1.16 

.79 

1.53 

Exercise 


2.43 

1.36 

3.50 

„ , . Exercise 

Rest 


2.09 

1.82 

2.36 

Oxygen consumption 

ml. /sq.m. /min. 




Rest 

132 

95 

169 

Exercise 

STPD 

381 

279 

483 

Recovery 


156 

120 

192 

Oxygen debt 

per cent 

9 

3 

IS 

Half-time recovery of oxygen consumption 

min. 

.94 

0.5 

1.4 

Oxygen transport 


1.64 



Rest 

ml. /sq.m. /heart beat 

1.16 

2.12 

Exercise 

STPD 

3.65 

3.13 

4.17 

Recovery 

Respiratory efficiency 

vol. % 

1.89 

1.35 

2.43 

(expired air) 



3.31 

4.77 

Rest 


4.04 

Exercise 


5.03 

4.19 

5.87 

Recovery 

Carbon dioxide excreted (expired air) 

vol. % 

4.02 

3.29 

4.75 

Rest 

3.70 

2.76 

4.64 

Exercise 


4.42 

3.45 

5.39 

Recovery 


4.05 

3.06 

5.04 

R. Q. {respiratory ratio) 


.91 

.80 

1.02 

Rest 


Exercise 


.87 

.76 

.98 

Recovery 

Mid-capacity respiratory efficiency 

vol. % 

1.01 

.88 

1.14 

Rest 

5.14 

4.29 

5.99 

Exercise 


6.23 

5.47 

6.99 

Recovery 


5.21 

4.55 

5.87 

Ventilation: 



18.6 

41.0 

Maximum mask breathing capacity 

Minute Ventilatio:: 

L/sq.m./min. 

STPD 

29.8 

Rest 


3.27 

2.23 

4.31 

Exercise 


7.69 

5.57 

9.81 

Recovery 


3.87 

2.83 

4.91 

Respiratory rate 

breaths/min. 

14 



Rest 

9 

19 

Exercise 


20 

14 

26 

Recovery 


IS 

9 

21 

Tidal air 





Rest 

ml. /sq.m. /min. 

240 

135 

345 

Exercise 


405 

258 

552 

Recovery 


270 

165 

375 

Ventilation equivalents for oxygen 

L/min. 




Rest 

2.51 

2.05 

2.97 

Exercise 


2.02 

1.69 

2.35 

Recovery 


2.56 

2.06 

3.04 

Vital capacity 

L/sq.m. 

1.97 

1.27 

2.67 
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measurements are combined for purposes of all 
subsequent discussion. Allowing for differences 
in temperature and basal state of activity, the ob- 
served mean values for resting ventilation and 
oxygen consumption show satisfactory agreement 
with those reported by others using the Tissot- 
Haldane method of gas analysis (3) . The volume 
per cent of oxygen absorbed (or ml. per liter of 
air) is in exact agreement with previously reported 
values (2, 3). The measurements with coefficients 
of variability of less than 10% are the estimations 
of the arterial oxygen saturation, respiratory quo- 
tients, volumes per cent of oxygen absorbed from 
either expired air or mid-capacity air, and the 
ventilation equivalents for oxygen. In contrast 
the heart rate, blood pressure, pulse pressure, ven- 
tilation volume, oxygen consumption, calories of 
heat production, ventilation index and vital ca- 
pacity all exhibit greater variability. Many of 
these factors reflect changes due to emotional stim- 
uli, and some may be slightly affected by differ- 
ences in environmental temperature^ as well as 
the type and amount of clothing worn — ^factors 
which are not controlled in this study. The over- 
all variability for all the measurements through- 
out the three periods of observation is about 12 %. 

The consecutive one minute variations in the 
heart rate, ventilation volume and expired air 
analysis for oxygen concentration, expressed in 
terms of standard deviations, are shown in Fig- 
ure 1. The last of the three listed is the least vari- 
able. The standard deviations are of the same 
order of magnitude throughout the three periods of 
observation. 

The limits of normality for the several factors 
studied are shown in Table II. These minimal 
and maximal values have been determined ar- 
bitrarily as plus or minus two standard de- 
viations from the combined mean values for 
both males and females. All volume measure- 
ments are expressed at STPD values corrected 
for surface area per unit time of one minute. This 
is to facilitate estimation of the oxygen consump- 
tion by the short-cut method previousl}' described. 
The respiratory gas concentrations are expressed 
in terms of volumes per cent to eliminate minor 

' Statistical craluation of the environment showed 
barometric pressure to be 747.3 + 1-13 mm. Hg (0.15% 
coefficient of \-ariability) and room temperature to be 
24.9 + 1.9° C (7.9% coefficient of variability). 


differences related to daily fluctuations in baro- 
metric pressure which would be reflected in partial 
pressure values for oxygen. (Alveolar pCOs ap- 
pears to be homeostatically regulated by ventila- 
tion and is less dependent upon barometric fluc- 
tuations.) The maximal blood pressure values are 
above the conventional range of 140/90 mm. Hg 
in part perhaps because of the erect posture, but 
more likely because of vasomotor responses to 
apprehension about the testing procedure. Since 
these individuals often show lower pressure values 
when relaxed in the recumbent position, a more 
liberal interpretation of significant blood pressure 
increments may be necessary. Similar comments 
apply to measurements of heart rate, ventilation 
volume and oxygen consumption — ^all of which re- 
flect responses to anxiety. It is apparent from 
these considerations that much of the spread of 
normal variation is dependent upon psychoneuro- 
genic stimuli which of course may operate in either 
normal individuals or those with functional impair- 
ment from cardio-respiratory diseases. Since 
there is less variation in concentrations of the re- 
spiratory gases, and rates of CO 2 excreted to O 5 
absorbed per unit volume of ventilation may be a 
direct measure of neuropsychogenic hyperventila- 
tion, Pelnar’s opinion that these measurements 
afford a more reliable appraisal of performance in 
patients with dyspnea is strengthened ( 2 ). 

2 . Magnitude of changes in normal subjects to 
the standardised exercise test 

The amount of work done by this type of exer- 
cise is moderate since the average working caloric 
expenditures is only 2.1 times above the resting 
value.® The magnitudes of changes caused by this 
amount of work are summarized in Table III as 
percentage differences from the corresponding 
resting measurements. Whereas the ventilator)* 
reserve, respirator)* quotient and ventilation equiv- 
alents for oxygen diminish somewhat during exer- 
cise, the remainder of the factors observed increase. 
The increments range from 1.5% for diastolic 
blood pressure to 193% for o.xygen consumption. 
There is an average increase of 108% in calories 
of heat production, 135.5% in ventilation volume, 
29.5% in heart rate, and 124.0% in oxygen 

s Hard work is not performed until the metabolic rate 
is at least three times greater tlian the basal metabolic 
rate expressed in calories. 
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VARIATIONS FROM MEANS 

EXPRESSED AS STANDARD DEVIATIONS 



Fig. 1 

Minute-by-minute mean heart rates, ventilation vol- 
umes, and volumes per cent of oxygen absorbed from 
expired air in normal subjects, together with range of 
variations expressed as standard deviations from each 
mean value. The vertical lines for each minute represent 
the variation of plus or minus one standard deviation 
from the corresponding mean. The expired air values on 
the right side of the graph are in terms of volumes per 
cent. 

transport per heart beat, which is a measure of the 
change in the A-V oxygen difference and the 
stroke volume.® 

3. Variability of multiple exercise tests in the 
same individuals 

Table IV presents the statistical findings ob- 
tained from the study of 17 exercise tests in nor- 
mals, and 54 tests in seven abnormal patients with 
clinical cardio-respiratory impairment. All tests 
were done at the rate of 2.6 mph level walking for 
10 minutes, or to the limits of tolerance for those 

® Any variations in blood volume, hematocrit ( 4 ), or 
arterial oxygen saturations are considered insignificant 
in relation to the magnitude of change in stroke volume 
and A-V oxygen difference indicated by the change in 
oxj-gcn transport per heart beat. 


who could not walk for as long as 10 minutes, 
and the data are based upon the average of the 
one minute observations serially throughout ex- 
ercise. It will be seen that in all instances the co- 
efficient of variability for the averages of the nor- 
mals is less than the corresponding value for the 
averages of the abnormals, except for oxygen 
debt where the reverse relationship is found. The 
factors which exhibit the least variability for either 
normals or abnormals are the duration of walking 
(“endurance”), respiratory efficiency, heart rate, 
oxygen consumption, oxygen transport per heart 
beat, and ventilation volume. The appreciably 
greater variability of values for volumes per cent 
of COo excreted and respiratory quotient are at- 
tributed to technique, since the CO 2 analyzer em- 
ployed is neither as stable nor accurate as the 
oxygen analyzer. Hence these observ-ations can- 
not be interpreted to invalidate Pelnar’s claim that 
observations of the R.Q. and CO 2 concentration 
are as important and reliable as those for oxygen 
concentration. 

From these data the limits of variation observed 
by this standardized exercise test for both normals 
and abnormals can be estimated from the coeffi- 


TADLE m 


Exercise and recovery mean values in normal subjects 
{expressed as percentage change from 
resting measurements) 



Exercise 

Recovery 

Decrease during exercise 

- 16.7 

- 2.1 

Ventilatory reserve 

Respiratory quotient 

— 5.3 

- pio.o 

Ventilation equivalents for oxygen 

— 25.4 

+ 1.2 

Increase during exercise 

Cardiovascular measurements: 



Heart rate 

29.5 

3.7 

Systolic pressure 

13.5 

2.8 

Diastolic pressure 

1.5 

2.0 

Pulse pressure 

32.4 

4.2 

Oxygen transport per heart beat 

124.0 

15.9 

Calories of heat production* 

108.0 

— 

Oxygen consumption 

193.0 

18.9 

Respiratory gases 



Vol. % Os absorbed 

24.8 

- 0.5 

Vol. % CO2 excreted 

19.4 

9.2 

Mid-capacity vol. % O2 

22.0 

1.5 

Ventilation 



Total minute ventilation 

135.5 

18.3 

Respiratory rate 

37.5 

2.8 

Tidal air 

69.1 

12.0 

Mid-capacity ventilation 

141.0 

29.0 

Dead space 

68.0 

19.6 


* Calculated from oxygen consumption, observed R. Q. 
and corrected for oxygen debt in recovery. 
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tors considered during exercise was about 12% 
in 35 normal subjects, and in repeated testing of 
either normals or patients with disease 5% or 
10%, respective!}'. The factors which showed the 
least variation were, in addition to the duration of 
walking, the three primary measurements men- 
tioned above, and the secondary measurements 
obtained by calculation, such as the oxygen con- 
sumption and oxygen transport per heart beat. 
When the three measurements of ventilation vol- 
ume, oxygen consumption and oxygen removal or 
respiratory efficiency are considered for the 35 
normal subjects, the average coefficient of vari- 
ability is 13% during rest and 11.3% during ex- 
ercise. These values are to be compared with 
those of Baldwin et al. who found 10% variation 
during rest in the basal state and 17% during one 
minute of exercise in 92 normal subjects (3). 

In view of these findings, the technique of stand- 
ardizing exercise tolerance testing described is 
considered satisfactory for the investigations of 
dyspnea in clinical patients. The essence of this 
technique is the combination of multiple continuous 
observations of responses to a standardized stress 
of exercise. The latter is controlled automatically 
by treadmill walking. The rate of energy expendi- 
ture is moderate, averaging just over twice the 
resting value, and the duration of 10 minutes is 
sufficiently long to screen out patients with circu- 
latory insufficiency. Finally since the range of 
variation is less than previously reported values 
for observations in the basal state, it does not 
appear necessary to have this as a prerequisite to 
satisfactory testing technique when problems of 
metabolism are not under consideration. Fur- 


thermore it permits observations of respiratory and 
circulatory performance to controlled work-loads 
under ordinary conditions of diet and preceding 
activity for the patients studied. 

SUMMARY 

1. A statistical analysis of the cardio-respira- 
tory performance of 35 normal adults to a stand- 
ardized stress of activity has been made to deter- 
mine the normal limits and range of variabilit}' 
in the non-fasting state. 

2. The average coefficient of variability for the 
several factors observ'cd during rest, exercise, and 
recovery was about 12%. 

3. Similar analyses of data from multiple tests 
on the same individual — either normal subjects or 
patients with clinical disease — showed average co- 
efficients of variability of about 5% and 10%, 
respectively. 
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In earlier methionine studies (1), it was noted 
that the fasting plasma methionine ^ levels in some 
patients with acute and chronic liver disease, re- 
ceiving DL-methionine, tended to be markedly 
increased. It was not too clear in all instances 
whether this elevation related to the methionine 
administration, to the disease process, or to a com- 
bination of the two. It was definite, however, that 
severe liver disease in itself could account for 
some elevation of the fasting plasma methionine 
level. Over an 11 -month period we have at- 
tempted further to clarify this picture. 

PROCEDURES 

The actual quantitative assay procedures have been 
previously described (2, 3). It might be emphasized 
here that one concept held earlier has been modified in 
that the normal fasting plasma methionine level varies 
within a very narrow range, from 0.25 mgm. per 100 cc. 
to 0.48 mgm. per 100 cc., with a mean of 0.33 mgm. per 
100 cc. The previous concept of a wider normal range 
related to a longer period intervening between the ob- 
taining of the blood sample and the preparation of the 
protein-free filtrate. Considerable proteolysis apparently 
occurs in a matter of a few hours in some plasma speci- 
mens. All determinations here reported have been per- 
formed on protein-free filtrates prepared within three 
hours from the time of withdrawal of blood. 

The first patients and controls in this series were given 
3 gms. of DL-methionine three times daily by mouth as 
compressed 0,5 gm. tablets, over varj-ing periods of time. 
Prior to, during, and following such periods of adminis- 

^ This work is supported by grants from the Research 
Division of the Bureau of Medicine and Surgerj-, U. S. 
Navy (BuMed No. 007046), and from the Office of 
Na\-al Research, under a contract between the latter 
and the University of California. 

- Senior Research Fellow, U. S. Public Health Serv- 
ice, 1947—18 ; and Sobering Research Fellow in Endocrin- 
olog}', 1948-49. 

^ Lieutenant ( j.g.) MC., USNR. 

‘Unless otherwise qualified, tlic word "methionine" 
will refer to L-mctliioninc, i.e., the natural isomer. 


tration, fasting blood specimens were obtained for D- and 
L-methionine quantitation. In some of these individuals, 
urines collected over 24-hour and/or 72-hour periods 
were also assayed for D- and L-methionine. 

When it became apparent that a striking difference 
existed in the methionine retention pattern behveen nor- 
mal individuals and many patients with chronic liver 
damage, a standard program was set up consisting of 
the following procedures: 

A. Studies prior to methionine administration: 

1. Fasting blood specimens for plasma D- and L- 
methionine assay, Monday through Friday, during Week 
No. 1. 

2. One or more three-day quantitative urine specimens 
during Week No. 1 for D- and L-methionine. 

3. No medication of any sort during this period, ex- 
cept for routine "multi-vitamin” dietary supplementation 
in all patients,® and parenteral vitamin K in those indi- 
viduals with significantly low prothrombin levels. Such 
medication ras constant throughout the entire period 
of study. 

4. A diet high in protein, moderate in fat, and ade- 
quate in calories, was administered throughout the study. 
The most severe cirrhotics received a semi-liquid, high- 
protein, low-salt intake. 

B. Studies during methionine administration: 

1. On Sunday of Week No, 2, 3 gms. of DL-methionine 
were administered at 1 -.00 p.m. and 8 '.OO pan. 

2. Thereafter, 3 gms. of methionine were administered 
at 9 :00 a.m., 1 :00 p.m. and 8 :00 p.m., dail}' during Weeks 
No. 2 and No. 3, up to and including 9 ;00 a.m. on Mon- 
day of Week No. 4. 

3. Daily fasting bloods were obtained Monday through 
Fridaj' for D- and L-mcthionine during Weeks No. 2 and 
No. 3. 

4. Three-day quantitative urine specimens were ob- 
tained for methionine assay througfiout this period. 

C. Studies jolloiiing the cessation of methionine 
administration: 

1. After the 9:00 a.m. dose on Monday of WeeJ: No. 4, 
as prcriously noted, methionine was discontinued. 

® "Hc.xavitamin Tablets" (Strong, Cobb & Co., Inc.), 
six tablets daily. 
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tion (all of the usual tests were abnormal) ; pro- 
tein metabolism (balance studies) ; and liver his- 
tology (biopsy). The histological findings are 
those of localized areas of round cell infiltration, 
evidence of hepatocellular abnormality and moder- 
ate amounts of periportal fibrosis. The actual 
proof of viral infection is unfortunately not pos- 
sible. 

Patient CUM, aged 25 — ^At the time of this 
study his disease process appeared to be progres- 
sively less active, as evidenced by diminution in 
hepatomegaly (to approximately 3 cm. below the 
rib margin, on deep inspiration), gradual disap- 
pearance of spider angiomata, and diminishing 
abnormality of liver function tests. 

Patient RIC, aged 21, had had involvement of 
the liver for a period of one and one-half or more 
years, dating from an attack of acute hepatitis 
prior to his original admission to this Hospital. 
At the time this test was performed, he had major 
abnormality of all liver function tests including a 
retention of 14 per cent bromsulfalein (5 mgm. 
per kgm. X 45 min.). He also had evidence of 
portal hypertension including some splenomegaly, 
and had had bleeding from an esophageal varix 
about two months previously. 

Patient CUN, aged 50, in the spring of 1946 
noted gradual onset of painless jaundice. Six 
weeks later he was admitted to the Veterans Hos- 
pital in San Francisco at which time he had a 
major degree of ascites which required eight para- 
centeses. He was told at that time that he had 
viral hepatitis. 

On March 1, 1948 he had a severe hemorrhage 
from esophageal varices. On admission to this 
Hospital ten days later, he was found to have con- 
siderable ascites, an enlarged, tender liver, moder- 
ate jaundice, and abnormality of all tests of liver 
function above noted. He was also found to have 
cardiac valvular disease probably referable to an 
old attack of rheumatic fever. 

On a high-protein, adequate-calorie diet plus 
complete bed rest, he rapidly mobilized his ascitic 
fluid and showed considerable clinical improve- 
ment and some degree of improvement in liver 
function, although at no time did he have complete 
normality of any of the liver function tests used. 

From March 18 to May 13, 1948, five fasting 
plasma methionine values were all significantly 


above the normal, the highest being 1.51 mgm. per 
100 cc. 

On July 9, 1948 he was placed on 9 gms. of 
DL-methionine daily. By July 27 he had become 
obviously toxic, the toxicity including some de- 
gree of disorientation and a penetrating odor which 
was not entirely that of methionine and which sug- 
gested the so-called “hepatic fetor,” The same 
dose of methionine, that is, 9 gms, daily, was con- 
tinued until the 2nd of August, 1948. From July 
21 until August 2, he also received 9 gms. of cho- 
line chloride daily. The first methionine value 
shown in Study No. 1 in this patient was obtained 
on July 21, that is, 12 days after the institution 
of methionine in a dose of 9 gms. daily, and on the 
first day of choline chloride administration. 

The second methionine study was carried on as 
part of a protein balance study and was instituted 
on October 11, 1948. His liver function tests at 
this time were still significantly abnormal although 
he no longer had any detectable ascites. The ini- 
tial portion of the second study was interrupted 
because of the appearance of symptoms which were 
attributed to salt deprivation referable to a pe- 
riod of hot weather and low-sodium intake. When 
this condition was corrected the study was re- 
sumed with the results shown in Figure 3. Dur- 
ing this second period of methionine administra- 
tion, he again manifested the symptoms of major 
and progressive mental clouding coupled with a 
strong fetor which was similar to, but probably 
not identical with that which is commonly called 
fetor hepaticus. 

Following the completion of this balance study, 
the patient was permitted to return home and was 
instructed to come in for a further evaluation after 
the Christmas holidays. Unhappily, he had a fatal 
hemorrhage from esophageal varices about one 
month after leaving this hospital and his local 
physician obtained no postmortem examination. 

The deviations from normal of the fasting 
plasma L-methionine values in all three patients 
are quite definite, and in the last two are most 
striking. The degree of abnormality would appear 
to parallel the severity of the disease process. It 
is also apparent that increased urinary L-methio- 
nine appears in those individuals with very high 
plasma levels. 
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methionine retention. - He represents the only however, that he was undergoing rapid clinical 
man so far with unquestionably active liver disease improvement referable to a liigb-prolein, low-so- 
who has shown such a picture. It may be that dium intake, and hence that widespread protein 
hemachromatosis represents an extremely specific tissue formation might account for sucli a finding, 
form of liver disease in which the utilization of Patient FER, aged 50, has chronic liver damage, 
methionine is not impaired. It should be noted, presumably resulting from prolonged advanced nu- 



Fig. 6. Prolonged Methionine Study in Patient TUC (Severe Hepatic 

Insufficiency) 

Halving the dosage still resulted in marked elevation of the fasting plasma L- 
methionine. "MTT” refers to intravenous methionine studies (1). 



STUDIES IN METHIONINE METABOLISM. II 


1449 


tritional deficiency (he was a prisoner of war of 
the Japanese for four years). In addition to clini- 
cal and chemical evidence of moderate hepatic in- 
sufficiency, he has evidence of portal hypertension 
in terms of recurrent hemorrhages from esophageal 
varices and a considerable degree of splenomegaly. 
His plasma L-methionine pattern is similar to that 
seen in patients with moderate chronic liver dam- 
age. 

One additional study (Figure 6) is included 
on a man with very severe cirrhosis, chiefly be- 
cause of the length of the study and the fact that 
the dosage of methionine was diminished by one- 
half at one stage. It will be noted in this patient, 
TUC, that with reduction in dos^e a temporary 
fall in the plasma methionine level occurred, but 
that with the continuance of the smaller dose a 
rise approaching, the previous levels was obtained. 
The one high value on the dosage of 9 gms. of 
methionine was not entirely comparable with that 
observed in other individuals on the same dosage 
inasmuch as this fasting level was obtained as part 
of an intravenous methionine study and related 
to a discontinuance of orally administered methio- 
nine for a 48-hour period prior to the test. It is 
probable that had the fasting level been obtained 
without any such two-day interval, the value 
would have been higher than that noted in any 
other individual included in this report. The 
figure is presented chiefly to demonstrate that even 
moderate dosage of methionine in individuals with 
extreme degrees of hepatic insufficiency results 
in fasting blood levels which are quite unphysio- 
logic. 

DISCUSSION 

From the preceding obsen^ations, it is ap- 
parent that many patients -with liver damage are 
unable properly to utilize methionine, and that 
such impairment of methionine metabolism is no 
longer present when the liver damage disappears 
(in patients with acute hepatitis) or has become 
quiescent (in individuals with cirrhosis). 

If one compares the abnormalities in plasma 
methionine in patients with liver disease with 
the blood sugar findings in diabetics, there ap- 
pears to be some analog}-. The individual with 


severe liver disease has a high fasting plasma 
methionine level without previous methionine ad- 
ministration. The abnormality in methionine 
metabolism in the patient with mild or moderate 
liver damage is only apparent when stress is ap- 
plied. In our experience thus far, a spontaneously 
high fasting level is always correlated with a pro- 
longed, difficult convalescence, whether the dis- 
ease be viral hepatitis or “cirrhosis.” 

The possible mechanisms of impairment in 
methionine utilization provide material for specu- 
lation. Three metabolic pathways are normally 
open; (I) Incorporation of the methionine into 
protein tissue; (2) demethylation with resultant 
homocysteine formation; and (5) oxidation of the 
methionine molecule with resultant excretion of 
the oxidized sulfur as urinary inorganic sulfate. 
It appears probable that the block occurs in (J) 
or (2), inasmuch as the excretion of urinary sul- 
Jate is considerably increased in some of the pa- 
tients with high plasma methionine levels. Simul- 
taneous quantitation of plasma cysteine will help 
to rule in or out the presence of block in the 
methionine —> homocysteine — > cysteine sequence. 
Such studies are under way at the present time. 

Also in the process of evaluation is the determi- 
nation of methionine utilization in patients with 
non-hepatic disease. Should a high degree of 
specificity for liver disease be found, it is conceiv- 
able that the procedure may have some clinical 
applicability. 

The appearance of a reproducible picture of 
toxicity in patients -whose ability to utilize methio- 
nine is impaired, suggests the need for caution in 
the indiscriminate use of this material as a thera- 
peutic agent in individuals with liver disease. It 
is probably best to regard dietary methionine as 
the logical source of the amino acid in such pa- 
tients. 

SUMMARV 

Daily administration of 9 gms. of DL-methioninc 
to patients with liver damage results in a signifi- 
cant elevation of the fasting plasma L-methioninc, 
as compared to normal controls; such abnormal 
retention disappears when the hepatic status re- 
verts to normal. 
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In some patients with severe liver damage, 
continued administration of methionine results in 
toxic manifestations. 
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The availability of standardized preparations of 
heparin and their widespread clinical use in the 
treatment of thromboembolism have prompted us 
to reinvestigate the action of protamine sulphate 
on the coagulation of blood and its use as an antag- 
onist to heparin. 

For the past three decades the coagulation mech- 
anism of blood has been represented by two equa- 
tions (1) : 

Thromboplastin 

1. Prothrombin > Thrombin 

Calcium 

Thrombin 

2. Fibrinogen ^ Fibrin 

An enormous amount of investigative work per- 
formed within the past few years has effected nu- 
merous modifications in these two equations. The 
present concept of the coagulation mechanism con- 
sists of a system of circulating proteins and other 
macromolecules exhibiting complex inter-relation- 
ships and antagonisms which become imbalanced 
during the process of coagulation. The results of 
experiments with individual protein inter-actions 
call upon the biochemist, physiologist, and clinician 
for concise interpretation and critical evaluation, 
and then upon repeated experimentation before 
conclusions can be accepted as fact for either 
theoretic or practical consideration. 

The present investigation of protamine sulphate 
began as a clinical problem, but it was realized 
early that interpretation of the results depended 
upon concepts of the coagulation mechanism 
which are controversial. The purpose of this 
paper is to present a series of in vivo and in vitro 
experiments which extend the existing knowledge 
of the action of protamine sulphate on the coagula- 
tion mechanism. 


EFFECTS OF SALMINE ON THE NORMAL 
CLOTTING MECHANISM 

Effects of in vivo injections of protamine sulphate 
on clotting times of whole blood samples subse- 
quently obtained 

At the onset of this project, little was known 
concerning the possible toxic or side reactions of 
protamine when it was administered intravenously 
in normal non-heparinized patients. 

It has been demonstrated (2) that large doses of 
protamine administered intravenously in the dog resulted 
in the formation of multiple thrombi (emboli). In these 
experiments on humans, therefore, 10 mg. of protamine 
■were initially given and the dose progressively increased 
to 100 mg. For one hour following the intravenous injec- 
tion, the blood pressure, pulse, and respiratory rate were 
recorded at 10-minute mtervals. The coagulaton time of 
the blood was determined by the Lee-White method be- 
fore injection and at 10, 20, and 60 minutes afterward. 
Blood specimens were drawn from a three-way stopcock 
through which a slow intravenous infusion of normal 
saline was given during the course of the experiments. 
This was done to minimize the introduction of tissue 
thromboplastic substance into the test tubes. The stop- 
cock was back washed with normal saline after the with- 
drawal of blood or the injection of heparin or protamine. 
The heparin in most instances was administered in the 
contralateral arm. Twenty seconds after clamping the 
infusion tube, a saline washed 5 ml. syringe was filled 
with blood and a stop watch started. Three saline rinsed 
11 mm. test tubes were immediately filled with 1 ml. of 
blood. Coagulation was complete in each tube when the 
blood failed to flow on tilting with light tapping. The 
clotting times of the second and third tubes were averaged 
for recording. All determinations of clotting time were 
performed by the same technician. Results of these ex- 
periments are shown in Table I. 

Topical application of protamine 

Two dogs were anesthetized with intravenous 
sodium pentobarbital and areas 1 cm. square were 
abraded on the skin, liver, gastric serosa and mu- 
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TABLE I 

Effect of intravenous protamine sulphate on 
the clotting tune of whole blood 


Clotting time in minutes 


Subjects 


Minutes after beginning 
experiment 



0' 

1 

10' 

1 

20' 

60' 

10 Controls (Average) 

16.6 

15.2 

14.2 

11.0 

Nine Experiments with 10- 
60 mg. Intravenous prota- 
mine (Average) 

15.1 

10.4 

9.8 

7.7 

Acceleration of Clotting Time 
in 10 Controls (Average) 


1.4 

2.4 

5.6 

Acceleration of Clotting Time 
in nine Protamine Experi- 
ments (Average) 


4.7 

5.3 

7.4 


cosa. Bleeding from these areas was unaffected 
by the topical application of protamine when com- 
pared to adjacent control areas. Jorpes et al. 
(3) stated that protamine did not act as a local 
hemostatic agent in heparinized patients. 

Effects of protamine on in vitro clotting systems 

Whole blood 

The effect of protamine on the clotting time of 
whole blood was observed by adding 2 ml. of 
whole blood immediately after withdrawal to in- 
creasing amounts of protamine sulphate. The clot- 
decelerating action of protamine is demonstrated 
in Table II. In all in vitro experiments the pH 


was 6.5 — 7.5 and the temperature 25° C. unless 
otherwise stated. 


Fibrinogen-thrombin mixtures 

Ferguson (4) previously pointed out a clot-accel- 
erating effect of prolamine when it was incubated 
with thrombin prior to the addition of fibrinogen. 
His work was corroborated. Experiments were 
then instituted to determine the effect of protamine 
on thrombin-fibrinogen mixtures in the presence of 
inactivated serum. Serum was inactivated by 
heating to 56° C. for 10 minutes in a water bath. 
Following inactivation, the serum was tested for 
fibrinogen, thrombin, and prothrombin by adding 
respectively thrombin, fibrinogen, and a mixture 
of calcium chloride, thromboplastin, and fibri- 


TABLE in 


Effect of protamine on thrombin 
in the presence of scrum 


Tube No.* 

Protamine sulphate 

ClottinE timet 


ms. 

seconds 

1 


12.3 

2 

.02 

13.7 

3 

.1 

14.2 

4 

.2 

13.8 

5 

.22 

12.1 

6 

1.0 

8.6 

7 

2.0 

10.3 

8t 

4.0 

41.2 

9t 

6.0 

50 NC 

To each 

tube containing protamine sulphate 


was 


+ .85% NaCl to constant volume. After five minutes’ 
incubation of the mixture, 1.65 mg. fibrinogen were blown 
in and the clotting time determined. 

I NC = No clot. 

t End point of clot formation indefinite. 


TABLE II 

Anticoagulant action of protamine on 
whole blood in vitro 


Tube No. 

Protamine 

sulphate* 

1 Clotting timet 

1 

Ratio P/Ft 


mg. 

minutes 


1 


9 


2 

.01 

10.5 

.0025/1 

3 

.02 

9.5 

.005/1 

4 

.1 

10.5 

.025/1 

5 

.2 

11 

.05/1 

6 

1.0 

15 

.25/1 

7 

2.0 

19 

.5/1 

8 

10.0 

52 

2.5/1 

9 

15.0 

90 NC 

3.7/1 

10 

20 

90 NC 

5/1 


• To each tube containing protamine sulphate was 
added: 2 ml. whole blood + .85% NaCi to constant 
volume. 

tNC=Noclot. 

i Ratio P/F = protamine/fibrinogen. 


nogen. No trace of fibrinogen, thrombin, or pro- 
thrombin was found. Serum inactivated in this 
manner does contain the heparin cofactor or sub- 
strate that heparin activates. This has been dem- 
onstrated elsewhere (5). Experiments were also 
set up to determine whether the five-minute incu- 
bation period produced any significant inactiva- 
tion of the thrombin by the natural antithrombic 
activity of the serum. Control experiments, those 
with an incubation period of one minute and those 
with an incubation period of 11 minutes, produced 
clotting times of 12-13 seconds, on the addition 
of fibrinogen. Incubation periods beyond 10 min- 
utes gave rise to more prolonged clotting times, 
up to 63 seconds after one hour of incubation. 

There was no demonstrable accelerating effect 
of the protamine in tubes 2-5 (Table III). The 
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concentration of protamine in these tubes corre- 
sponded generally with that necessary to effect 
neutralization of .01 mg. of heparin hi vitro. This 
is demonstrated subsequently in Table VII. In 
concentrations greater than this (tubes 6 and 7, 
Table III) there was a slight but significant reduc- 
tion of the clotting time. Quantities of protamine 
greater than 2 mg. in this mixture (tubes 8 and 9, 
Table III) had a decided anticoagulant effect. In 
these two latter tubes, the ratio of protamine to 
fibrinogen was 2.4:1 and 3.6:1, and it will be 
shown that the inactivation of fibrinogen by the 
protamine produced this anticoagulant action. 

Fibrinogen precipitation 

Jaques (6) has shown that the protamine- 
heparin complex behaves according to the law of 
mass action, and he was able to demonstrate an 
equivalence point using whole dog blood. An ex- 
cess of either heparin or protamine caused pro- 
longation of the clotting time. The antithrombic 
(7-9) and antiprothrombic (10) action of heparin 
in the presence of a cofa^.r has been demon- 
strated, but the clot-decelerating action of pro- 
tamine in whole blood is less well understood. 
According to Mylon et al. (11), protamine will 
precipitate plasma fibrinogen, and they suggested 
that its principal anticoagulant effect obtains by 
means of this precipitation. Protamine in con- 
centrations of 1.5 mg., and 10 mg./ml. of plasma 
will precipitate 80 per cent and 100 per cent of 
the plasma fibrinogen respectively. In order to 
study this effect, the experiment displayed in Table 
IV was performed. 

The addition of thrombin in reaction 2, Table 
IV, to the supernatant fluid without the develop- 
ment of a fibrin clot in 30 minutes indicates that 
the supernatant fluid from reaction 1 either has 
no fibrinogen in it, or if it is present it is bound to 

TABLE IV 

Dissotialion of a prolamine-fibrinogen 
complex in the presence of serum* 

1. 8.25 mg. Fibrinogen + 6 mg. Protamine Sulphate — 

White PpL -p Supernatant. 

2. .5 ml. Supernatant + 20 u. Thrombin— No Clot 30'. 

3. .5 ml. Supernatant -P 20 u. Thrombin — p 1.65 mg. 

Fibrinogen — Clot 5". 

4. .1 ml. Serum -p 20 u. Thrombin — No Clot 30'. 

5. .5 ml. Supernatant + 20 u. Thrombin -P .1 ml. Serum 

— Clot 5". 

•Fibrinogen 16.5 mg./ml. Protamine Sulphate 20 
mg./ml. Thrombin 100 u./ml. Supernatant removed 
with a pipette. 


TABLE V 

Precipitation of fibrinogen by protamine 
in the presence of serum 


Tube No.* 

Protamine 

sulphate 

Clotting time 

Ratio P/FJ 


mg. 

seconds 


1 


9 


2 

2 

5.3 

.25/1 

3 

4 

8.6 

.5/1 

4 

6 

17 

.75/1 

5 

8 

lS-20t 

1/1 

6 

10 

No dot 

1.25/1 

7 

12 

No dot 

1.5/1 

8 

14 

No dot 

1.8/1 

9 

16 

No dot 

2/1 


* To each tube containing protamine sulphate was added : 
8.25 mg. fibrinogen -p .2 ml. human inactivated serum 
-p .85%_NaCl to constant volume -p 20 u. thrombin and 
the clotting time determined. 

t Fibrin strands only. End point indefinite, 
i Ratio P/F = protamine/fibrinogen. 

the protamine. When less than 6 mg. of prota- 
mine were used in reaction 1, a firm fibrin clot 
resulted from reaction 2. Reaction 3 precludes the 
destruction of thrombin by the supernatant fluid. 
Reactions 4 and 5, however, indicate that fibrino- 
gen must have been present in the supernatant 
fluid and that in the presence of serum, dissocia- 
tion of a protamine-fibrinogen complex presum- 
ably occurred and liberated sufficient fibrinogen to 
permit the formation of a fibrin clot. According 
to the mass action law, a higher concentration of 
protamine would further suppress the presumed 
dissociation of a protamine-fibrinogen complex 
and eventually result in complete fibrinogen preci- 
pitation even in the presence of serum. This is 
shown in Table V. 

The approximate ratio of protamine to fibrino- 
gen for complete inactivation in reaction 1, Table 
IV, was .7:1, while in the presence of serum the 
ratio is 1.25: 1. Similarlj^ in plasma, the ratio is 
2.5; 1 (11). The ratio for whole blood has not 
been determined, but from the protamine to 
heparin titration tables, it appears that in tubes 
containing a protamine excess insufficient to inac- 
tivate all the fibrinogen the anticoagulant action 
could not be dependent on the partial inactivation 
of fibrinogen, since the clotting time is not neces- 
sarily a function of fibrinogen concentration. It 
will later be shown that the tubes containing a 
slight e.xcess of protamine will not dot on addition 
of fibrinogen. Thus it was felt that the inactiva- 
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tion of fibrinogen was not the only acting antico- 
agulant action of protamine sulphate. 

The above reactions were obtained with inacti- 
vated and active serum. The serum used did not 
clot within 20 minutes on addition of thrombo- 
plastin, calcium, and fibrinogen. Dissociation of 
the protamine-fibrinogen complex did not occur 
in solutions of thromboplastin or calcium chloride. 

Character of the anticoagulant action of protamine, 
with special reference to antithrombo plastic ef- 
fects 

Protamine may act as an antithromboplastin 
(12, 13) or an antiprothrombin (4, 12). To in- 
vestigate these actions a series of in vitro experi- 
ments were carried out using whole blood. A 
quantity of protamine was used that would pro- 
duce less than complete fibrinogen inactivation 
(Table VI). 

Inactivation of the fibrinogen did not prevent 
clotting of the mixture of blood, sodium chloride, 
and protamine in tube 2 (Table VI) because the 
addition of an excess of fibrinogen in tube 3 had 
no significant effect. Further, the appearance of 
a normal fibrin clot in tubes 4 and 6 after the ad- 
dition of thrombin showed that quantities of fibrin- 
ogen adequate for normal coagulation were present 
in solution. The results in tubes 7-12 indicated 

TABLE VI 


Character of anticoagulant action of protamine 
Added after 30 minutes' incubation of basic mixture* 


Tube 

No. 

Thrombo- 

plasfmt 

Fibrino- 

gen 

Calcium 

chloridet 

1 

Thrombin 
units ! 

Clotting 

time 

Type of 
clot 


vtg. 

1 rng. 

mg. 


viinuies 


1 

— 


— 

— 

8§ 

Normal 

2 

— 

\ — 

— 

— 

>120 


3 

— 

9.9 

— 

— 

> 30 


4 

— 

— 

— 

20 

20 

Normal 

5 

— 


.28 

— 

>120 


6 

— 


.28 

20 (after 

20 

Normal 





80') 



7 

2.5 

— 

.28 

— 

60 

Poor 

8 

5.0 

— 

— 

— 

9.6 

Poor 

9 ' 

7.5 

1.65 

— 

— 

5 

Poor 

10 

12.5 

— ! 

— 

— 

2 

Normal 

11 

2.5% 

— 

— 

— 

42 

1 Poor 

12 

511 

— j 


— — 

12 

Poor 

i 


* Basic mixture = 2 ml. whole blood + .2 ml. .85% 
NaCl + 16 mg. protamine sulphate. 

I Thromboplastin (Maltine). 
f Calcium chloride .02SM. 

§ Normal^ blood coagulation time. No protamine. 

If Added immediately to basic mixture. 

II Incubated mixture of 5 mg. thromboplastin and 4 mg. 
protamine. 


that protamine interfered with the conversion of 
prothrombin to thrombin except in the presence of 
an excess amount of thromboplastin. The conver- 
sion of prothrombin to thrombin is inhibited but 
not destroyed. 

PROTAMINE-IIEPARIN ANTAGONISMS 

The treatment of thromboembolism with heparin 
is widely accepted at the present time. Although 
serious accidents from injudicious use of heparin 
are decidedly uncommon, they do occur and will 
become more frequent as heparin is more generally 
used and as preparations prolonging the antico- 
agulant effect of heparin are developed. Chargaff 
and Olsen (14), who reported the neutralization 
of heparin by protamine in 1937, recognized its 
potential clinical application, but until recently pro- 
tamine has been used more in experimental than 
clinical medicine. 

The toxicity of large intravenous doses of pro- 
tamine has been demonstrated in rabbits (15), 
rats (2), mice (16), dogs (17), and guinea pigs 
(18). Jaques et al. (19), in 1938, and more re- 
cently Parkin and Kvale (18) and Cowley and Lam 
(20) showed absence of toxicity in dogs when 
smaller but effective doses were used. Jorpes 
(3), using up to 60 mg. of protamine intra- 
venously, in 1939 demonstrated the antagonism 
of protamine (clupein) for heparin in humans. 
Allen (21) has given 2.5 mg./kg. in man without 
ill effects. 

Different preparations of protamine vary in 
their capacity to neutralize heparin. The pro- 
tamine used in these experiments was Lot No. 
8738 obtained from the Upjohn Company. 

Effect of intravenous protamine on heparinized 

patients 

Time intervals, controls, and blood specimens 
were identical with those described previously. 
The three-way stopcock method of obtaining blood 
was utilized. 

Fifty mg. of heparin ^ were administered intra- 
venously after a preliminary clotting time had 
been done. Ten minutes later, the protamine in 
doses of 10, 30, and 50 mg. was given intra- 
venously. In each instance, the anticoagulant ef- 

1 Abbott Laboratories. 
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Effect of Intravenous Protamine on the 
CtoUinj Time of Heparinized Patients 



Fig. 1 


feet of heparin was significantly reduced but not 
eliminated completely. Briefly, in 10 minutes 100 
mg. of protamine produced approximately a 50 per 
cent decrease in the anticoagulant action of SO mg. 
of heparin. The results in four cases are shown 
in Figure 1. 

Protamine-heparin neutralization in whole blood 

In order to verify the protamine-heparin ratio and 
investigate further the anticoagulant properties of pro- 
tamine in vitro, titrations were carried out using normal 
blood. The same patient was used in all experiments. 

Heparin, protamine, and normal saline were placed in 


a clean dry test tube. Two ml. of freshly drawn blood 
were added to each tube and the clotting time determined 
by formation of a visible clot in the cork-stoppered 
tubes. At low heparin and protamine concentrations, the 
end point of coagulation was readily apparent, but in high 
concentrations some clot formation was evident before 
the entire solution was coagulated. The stop watch was 
started when blood first appeared in the syringe. Table 
VII shows the titrations. 

The protamine-heparin ratio at neutralization 
is somewhat higher in the more concentrated mix- 
tures, Titrations No. 2 and No. 3, but these com- 
pare favorably with the serum titrations. Al- 
though the higher concentrations of protamine 
would never be encountered in vivo, the zone of 
maximum neutralization is nicely demonstrated. 
This occurs because, except near the equivalence 
point, a relatively large excess of heparin or pro- 
tamine is free to exert its anticoagulant action. 
In the latter two titrations, the difference between 
the control coagulation time and the coagulation 
time at neutralization is widened. In tube 9, Titra- 
tion No. 1, the experiment was repeated using 
isotonic sodium sulphate instead of sodium chloride 
in a concentration corresponding with that in tube 
10, Titration No. 3, and no significant change in 
the clotting time occurred. It may be presumed, 
therefore, that the concentration of the sulphate 
ion in tube 10, Titration No. 3, did not account 
for the elevated clotting time. No satisfactory ex- 
planation for this latter observation is apparent. 


TABLE Vll 


Prolamine-heparin titrations using 2 ml, of heparinized whole blood * 



Titration No. 1 

Titration No, 2 

Titration No. 3 

Tube No, 

Mg. protamine 

m 

Mg. Drotamine 


Mg. protamine 

BHHii 


added to .Ot 
mg. heparin 

added to .5 
mg. heparin 

B 

added to !.0 
mg. heparin 


1 

0 

31 

0 

120 NC 

0 

120 NC 

2 

.02 

33 

1 

120 NC 



— 

3 

.04 

22 

2 

120 NC 

4 

120 NC 

4 

.06 

22 

3 

120 NC 

— 


5 

.08 

18.8 

4 

120 NC 

8 

120 NC 

6 

.1 

1S.4 

— 






7 

.12 

14.1 

6 

120 NC 

12 

120 NC 

8 

.14 

11.7 

— 

— 

14 

120 NC 

9 

.16 

14.3 

8 

14.5 

16 

63 

10 

.18 

18.8 

— 


18 

39 

11 

.2 

19 

10 

15 

20 

43 

12 

— 

• 

12 

21.5 

24 

88 

13 



■ 

14 

38 

28 

89 

14 

Control 

— 

16 

120 NC 

■ - 


IS 

lO.S 

Control 

10 

Control 

11 


P/H ratio 


2/1 

4/1 

6/1 

8/1 

10/1 

12/1 

14/1 

16/1 

18/1 

20/1 

24/1 

28/1 

32/1 


.85% NaCl added to constant volume. C. T, = Clotting time in minutes. NC = Xo dot. 
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Effects of protamine on heparin pins the serum 

heparin cofactor, tested on thromhin-fibrogen 

mixtures in vitro 

Experiments were carried out to determine the 
protamine-heparin ratio that would effect neutrali- 
zation of the latter in the presence of the serum 
heparin cofactor. A thrombin-fibrinogen mixture 
was used. Inactivated serum, previously referred 
to, was used in order to eliminate any antipro- 
thrombin, antithromboplastic, or fibrinogen in- 
activating effect of the protamine. Serum inacti- 
vated by heating at 56° C. for 10 minutes does not 
lose significant amounts of its heparin cofactor 
activity (5). Titrations are shown in Table VIII 
and Figure 2. 

The addition of the protamine to the heparin 
first or to the serum first did not alter the final 
clotting times. Under normal circumstances over 
90 per cent of the thrombin incubated with the 
serum and heparin will be destroyed in five min- 
utes (5). The coagulation time of the system de- 
pends, in the absence of protamine, on the throm- 
bin remaining after its partial destruction by the 
antithrombic activity of serum cofactor activated 
by heparin. An 18:1 ratio of protamine to 


TABLE vin 

Proiamine-heparin titration in serum 


Protamine 

sulphate* 

Clotting time 

Ratio P/HI 

mg. 

seconds 




8.8t 


— 

32.7t 


.01 

26.8 

1/1 

.02 

27.4 

2/1 

.03 

25.8 

3/1 

.04 

18.5 

4/1 

.05 

16.7 

5/1 

.06 

15.3 

6/1 

.07 

16.3 

7/1 

.08 

15.3 

8/1 

.09 

12.1 

9/1 

.1 

12.5 

10/1 

.12 

9.9 

12/1 

.14 

9.6 

14/1 

.16 

9.8 

16/1 

.18 

9.3 

18/1 

.2 

8.2 

20/1 

.4 

9.5 

40/1 

.8 

7.6 

80/1 

1.2 

7.3 

120/1 


* To each tube containing protamine sulphate was 
added: 1 ml. human inactivated serum 4- .01 mg. heparin 
+ 8 u. thrombin 4- .85% NaCl to constant volume. _ After 
five minutes’ incubation of the mixture, 1.65 mg. fibrinogen 
was blown in and the clotting time determined. 

t Control clotting time without heparin or protamine, 
i Clotting time on addition of .01 mg. heparin. 

§ Ratio P/H = protamine/heparin. 


Protaminc'Mcparln Titration in Scrum 



Protamine added to .Olmg. Heparin 

Fig. 2 

heparin effected neutralization in repeated titra- 
tions. Increasing the ratio to 200 : 1 resulted in 
a slightly greater decrease in the coagulation time. 

Action of thromboplastin on in vitro clotting of 
of whole blood in the presence of an excess of 
heparin or protamine 

Experiments were set up to extend the observa- 
tions made in Table VI on the effect of protamine 
and heparin on whole blood in vitro in the presence 
of an excess amount of thromboplastin. It had 
been noted in other experiments using recalcified 
plasma that the incubation of protamine with 
thromboplastin did not reduce the clot accelerat- 
ing effect of the thromboplastin alone. Tubes 1, 4, 
7, and 14, Titration 2, Table VII, were repeated. 
After observing no clot for two hours an excess 
of thromboplastin was added to each tube. No 
clot occurred in tubes 1, 4, and 7, but tube 14 
clotted in 70 seconds. In tube 14 the heparin had 
apparently been neutralized and coagulation was 
inhibited by the excess of protamine which was 
overcome by the thromboplastin added. 

DISCUSSION 

There has been no observation in the literature 
to the effect that the intravenous administration 
of protamine will produce a shortening of the clot- 
ting time of the blood. Chargaff (14) reported 
that he was able to confirm the observation of 
Waldschmidt-Leitz and collaborators (22) that 
protamine had an inhibiting effect on blood clotting 
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in vitro, but in dogs intravenous doses up to 11 
mg./kg. failed to show any deviation of the clotting 
time from controls. Chargaff (23) later found 
that protamine did not alter the coagulation time 
of chicken plasma. Jaques (6) added protamine 
(.017 to 1.0 mg.) to 1 ml. of dog blood and demon- 
strated an anticoagulant effect with the higher con- 
centrations. Cowley and Lam (20) reported a 
decreased coagulation time in a dog 30 minutes 
following 200 mg. of protamine, but no such ef- 
fect %vas encountered with smaller quantities of 
protamine. The results of the experiments re- 
ported in this paper show a slight clot-accelerat- 
ing “tendency” after the intravenous administra- 
tion of protamine. Although the clotting times 
were performed with the utmost care in all experi- 
ments, it is our belief that technical variations ac- 
count for the difference in clotting times beUveen 
the controls and the protamine experiments. The 
only conclusion that can be arrived at, in accord- 
ance with the views of other investigators in this 
field, is that the intravenous administration of 
protamine has no clot-accelerating action in the 
absence of heparin. 

The clot-decelerating effect of protamine on 
whole blood in vitro was demonstrated in Table 
II, In these experiments, there was no significant 
effect on the addition of protamine as long as the 
concentration of protamine corresponded to that 
found in whole blood after the intravenous ad- 
ministration of 100 mg, or less. As the prota- 
mine concentration in vitro is increased, however, 
there is a progressive prolongation of the clotting 
time. Although protamine in sufficient concen- 
tration will prevent clot formation by inactivating 
fibrinogen, the progressive prolongation of the 
clotting time in these experiments was not due to 
such inactivation since in few of the tests did the 
concentration of protamine in 2 ml. of whole blood 
attain high enough values. Since the rapidity 
with which coagulation occurs depends to a great 
e-xtent on the amount of thrombin present, it ap- 
pears that the anticoagulant effect of the pro- 
tamine in these experiments was due to impaired 
thrombin formation. 

Mylon, Wintemitz, and de Siito-Nag)' (II) 
demonstrated that protamine will precipitate fibrin- 
ogen. The experiments performed and indicated 
in Tables IV and V demonstrate that protamine 
precipitates fibrinogen but in addition forms a 


soluble fibrinogen-protamine complex that in the 
presence of inactivated serum makes available 
sufficient fibrinogen to allow coagulation on the 
addition of thrombin. When the concentration of 
protamine is increased, dissociation of the fibrino- 
gen-protamine complex is inhibited and coagula- 
tion prevented. When referring to the effect of 
protamine on the second stage of coagulation, we 
prefer to use the term “protamine inactivating ef- 
fect on fibrinogen” rather than “protamine precipi- 
tating effect.” 

Experiments listed in Table VI suggest that 
protamine interferes with the conversion of pro- 
thrombin to thrombin in whole blood except in the 
presence of an excess amount of thromboplastin. 
Tubes 2, 7, 8, and 12 indicate that the interference 
with the conversion of prothrombin to thrombin 
by the protamine is not an antithromboplastic 
effect. Conclusions beyond these cannot be drawn 
without determining the effect of protamine on a 
clotting system containing purified prothrombin. 

The in vivo effect of protamine on heparinized 
patients duplicated the results of previously re- 
ported observations by others and needs no com- 
ment. It should be stated, however, that any 
clinician using protamine to neutralize heparin 
in vivo should be thoroughly acquainted with the 
character and strength of the protamine prepara- 
tion he is utilizing. Preparations may vary con- 
siderably in their capacity to neutralize heparin. 
It also appears that the neutralization of a certain 
quantity of heparin in vivo may require consider- 
ably less protamine than is necessary for neutral- 
ization hi vitro. 

The neutralization of heparin by protamine in 
whole blood in vitro is listed in Table VII. Neu- 
tralization was effected with a protamine-heparin 
ratio of approximately 16:1. The protamine used 
in these experiments was Lot No. 8738 (Upjohn). 
A preparation subsequently obtained (Lot No. 
8960 Upjohn) showed an in vitro pfotamine- 
heparin ratio of 0.7: 1. 

The neutralization of heparin was also deter- 
mined in an isolated clotting system containing 
fibrinogen, thrombin, the serum heparin cofactor, 
heparin, protamine, and saline (Table VIII). 
Neutralization was complete at a protamine- 
heparin ratio of 20:1, which agrees satisfactorih' 
with the 18: 1 ratio obseiwed in whole blood 
(Table \ni). It is apparent from the obsen-a- 
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tions made in these experiments plus those made 
from the same isolated system without the addi- 
tion of heparin that protamine has no significant 
effect upon the heparin cofactor. 

SUMMARY 

1. Protamine sulphate administered intraven- 
ously in doses up to 100 mg, in humans has no 
effect upon the clotting time of whole blood. 

2. Protamine sulphate had no effect as a local 
hemostatic agent in dogs. 

3. In relatively low concentrations in inactivated 
serum, protamine has a clot-accelerating effect on 
a thrombin-fibrinogen mixture after incubation of 
the thrombin with protamine. 

4. The antagonism to heparin was demonstrated 
in vitro and in vivo. In the presence of serum or 
whole blood, the protamine-heparin ratio at neu- 
tralization was 18:1. An excess of either caused 
prolongation of the coagulation time. 

5. When present in whole blood in concentra- 
tion insufficient to cause complete inactivation of 
fibrinogen, the anticoagulant effect of protamine 
is due to its interference with the conversion of 
prothrombin to thrombin. This antiprothrombic 
effect is not apparent in the presence of an excess 
of thromboplastin. 

6. An antithromboplastic action of protamine 
sulphate could not be demonstrated. 

7. Protamine does neutralize the serum heparin 
cofactor. 
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The importance ol a renal factor in the patho- 
genesis of peripheral cardiac edema has been em- 
phasized in recent publications (1-11). The work 
of Futcher and Schroeder (1) indicated that the 
renal excretion of salt and water was impaired 
during cardiac decompensation. Numerous other 
workers (4-6, 10, 11) reported a reduction in 
renal blood flow, glomerular filtration rate, and 
sodium excretion in cases of cardiac failure. These 
studies resulted in the formulation of two princi- 
pal hypotheses to explain the retention of sodium 
and water; namely, (J) low glomerular filtration 
rate, and (2) more complete reabsorption of so- 
dium and water. More recently. Wesson, Anslow, 
and Smith (12) have suggested that the low filtra- 
tion rate delivers a sodium load to the distal tu- 
bule which is less than the Tm for sodium and 
leads to more complete distal tubular reabsorption 
of sodium. 

The purpose of this investigation was to study 
the renal mechanism of sodium and water excre- 
tion in cardiac failure by observing the effect of 
theophylline ethylene diamine (T.E.D.) on filtra- 
tion rate,- effective renal plasma flow, and sodium 
clearance. Since the results of preliminary ex- 
periments suggested that T.E.D. not only in- 
creased the tubular load of sodium but also de- 
creased sodium reabsorption, the relationship be- 
tween tubular load and excretion of sodium could 
not be determined. Howe'ver, the simultaneous 
measurement of filtration rate and sodium clear- 
ance during the control periods in patients with 

^We are indebted to Clifford Grant, Jr., Carol Fisher, 
Margaret McCollom, Elsie Beard, Patricia Nichols, 
Georgia Proferes, Patricia Skinner, Janis Parsons and 
Jesse Yaffa for technical assistance. Dr. James Birren 
offered suggestions concerning the statistical treatment of 
the data. Dr. H. E. Harrison offered many helpful 
criticisms. 

- Present address : Cardiovascular Clinic, U. S. Marine 
Hospital, Baltimore, Matydand. 


cardiac failure afforded an opportunity to study 
the degree of correlation of these functions under 
resting conditions. Since the evidence for the 
mechanism of xanthine diuresis in man is con- 
flicting (4, 11), an extensive study of control sub- 
jects was made. 

MATERIALS AND METHODS 

Subjects 

Male subjects were selected from the wards of the 
the Baltimore City Hospitals and Infirmary (Home for 
the Aged). 

Control subjects were chosen on the basis of a history, 
physical examination, chest roentgenogram, and urinaly- 
sis; cases with hypertension, cardiac and renal diseases 
were excluded. Although they were selected irrespec- 
tive of age, most of them were over 50 (range = 36 — 
78, mean = 60). All subjects were on a regular diet 
without salt restriction. 

The patients in congestive heart failure were selected 
on the basis of clinical findings characteristic of cardiac 
decompensation. The majority had experienced repeated 
episodes of cardiac failure. Individual protocols are as 
follows : 

Case 1, C. M. A 63-year-old colored male was re- 
admitted with congestive heart failure for the third time 
on 10/30/47. When renal function was studied on 2/26/48, 
physical examination revealed a pulse of 88, a blood pres- 
sure of 132/84, and a respiratory rate of 30. He was 
dyspneic, orthopneic, and edematous. Moist rales were 
present at both lung bases. A harsh systolic murmur 
was audible at the apex. \n X-ray of the chest revealed 
generalized cardiac enlargement and pulmonary conges- 
tion. An electrocardiogram showed myocardial disease 
and a tendency toward right axis deviation. The diet was 
regular. Treatment consisted of digitalis and mercupurin ; 
the last injection of mercupurin was nine days prior to 
the experiment 

Case 2, J. P. A 43-year-old white male entered the 
hospital with cardiac decompensation for the third time 
on 3/5/48. Five weeks prior to the present admission 
he discontinued digitalis; signs of left and right heart 
failure ensued. On the day of the renal function studies, 
3/8/48, physical examination revealed a pulse of 80, a 
blood pressure of 120/88, and a respiratoiy rate of 22. 
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He was dyspneic and orthopneic, and rales were present 
at both lung bases. A harsh, apical, systolic murmur and 
a localized, apical, mid-diastolic murmur were present. 
An X-ray of the chest revealed cardiac enlargement witli 
a typical mitral configuration and pulmonary congestion. 
An electrocardiogram showed auricular fibrillation, 
myocardial disease, and right axis deviation. He re- 
ceived a Karrell diet, and 2 cc. of mercupurin were 
given two days before the experiment. 

Case 3, A. W. A 39-year-old colored male entered 
the hospital with cardiac failure for the seventh time 
on 3/17/48. Physical examination on the day of the 
experiment 3/22/48 revealed a pulse of 100, a blood pres- 
sure of 120/80, and a respiratory rate of 32. He was 
dyspneic and orthopneic. Moist rales were present 
throughout the lower portion of both lungs. A loud, 
harsh, moderately high-pitched, systolic murmur and a 
short, low-pitched, pre-systolic murmur were audible 
at the apex. An X-ray of the chest revealed cardiomegaly 
with a mitral configuration and pulmonary congestion. 
An electrocardiogram showed left bundle branch block, 
myocardial disease, and ventricular premature contrac- 
tions. The liver was enlarged; ascites was present; but 
pitting edema of the lower extremities was minimal. He 
received a regular diet, and on 3/18/48, 2 cc. of mer- 
cupurin were given. 

Case 4, R. P. An 82-year-old white male entered 
the hospital from the infirmary for the first time on 
4/28/48 because of dyspnea of several weeks’ duration. 
When the experiment was performed the following day, 
physical examination revealed a pulse of 96, a blood 
pressure of 210/100, and a respiratory rate of 28. Rales 
were present at both lung bases. An X-ray of the chest 
revealed left ventricular enlargement with pulmonary 
congestion. The second aortic sound was accentuated; no 
murmurs were heard. An electrocardiogram showed 


myocardial disease and left axis deviation. There was 
pitting edema of the lower extremities. The diet was 
regular. He had not received treatment for cardiac 
failure. 

Case 5, F. D. A 76-ycar-old white male entered the 
hospital from the infirmary on 2/28/48 with dyspnea of 
two months’ duration. On the day of the experimental 
study, 3/1/48, physical examination revealed a pulse of 
84, a blood pressure of 160/95, and a respiratory rate of 
20. The eyegrounds showed evidence of arteriosclerosis. 
The radial and brachial arteries were thick and tortuous. 
Rales were present at both lung bases. The chest was 
emphysematous, and the heart sounds were faint. No 
murmurs were heard. A chest film revealed cardiac 
enlargement, the aorta was elongated and tortuous, and 
calcification was noted in the aortic knob. An electro- 
cardiogram showed auricular fibrillation, left bundle 
branch block, myocardial disease, and left axis deviation. 
The lower extremities were markedly edematous. He 
had been on a regular diet and had not received therapy 
for cardiac failure. 

Case 6, B. S., The patient was a 76-year-old white 
male who had been in the chronic hospital for several 
months with mild cardiac decompensation. When renal 
function studies were performed on 3/4/48, physical 
examination revealed a pulse of 80, a blood pressure of 
160/60, and a respiratory rate of 20. The eyegrounds 
showed evidence of arteriosclerosis. Localized plaques 
were palpable in the radial arteries. Rales were present 
at both lung bases. The heart was enlarged to the left 
anterior axillary line. A loud systolic murmur was 
heard over the entire precordium, and an aortic diastolic 
murmur was transmitted to the apex. An electrocardio- 
gram showed right atypical bundle branch block, myo- 
cardial disease, and ventricular premature contractions. 
There was pitting pedal edema. The serologic test for 


TABLE 1 


(Experiments I and II) 

The effect of theophylline ethylene diamine on renal function in control subjects 





Control periods 


Periods during or after administration 
of theopliylline ethylene diamine 



1 

2 

3 

Average 

4 

5 

6 

1 

7 

8 

Glomerular Filtration Rate 

A* 

87.3 

91.9 

84.7 

87.2 

101.0 

104.9 

102.8 

99.1 

100.8 

cc.Jmin. 11.73 sq.m. 

Bt 

81.7 

87.2 

82.3 

83.7 

107.9 

99.6 

99.3 

103.0 

98.7 

Effective Renal Plasma Flow 

A 

403.7 

422.1 

393.6 

405.0 

436.8 

428.0 

417.9 

397.4 

400.1 

cc. [min. ! 1.73 sq.m. 

B 

371.3 

387.0 

376.4 

378.2 

503.9 

421.6 

398.4 

435.1 

407.7 

Filtration Fraction 

A 

22.0 

22.2 

21.6 

21.8 

23.4 

24.8 

24.9 

25.3 

25.4 

per cent 

B 

22.2 

23.0 

22.1 

22.5 

21.9 

24.1 

25.7 

23.9 

24.5 

Urine Flow 

A 

1.72 

2.60 

2.51 

2.41 

7.38 

5.74 

5.44 

4.78 

4.24 

cc.lmin./sq.m. 

B 

2.39 

2.73 

2.66 

2.59 

9.15 

7.31 

5.38 

5.36 

4.39 

Sodium Excretion 
m.cq./min. 

B 

.266 

.291 

1 

.280 

.279 

i 

1.016 

1.070 

.880 

.928 

.819 


* A. Single dose of 0.48 gm. T.E.D.; urine collections interrupted during injection. (Mean values for nine subjects.) 
t B. 0.48 gm. T.E.D. injected during first five minutes of period 4; 0.48 gm. T.E.D. infused during remainder of 
e.xpenmcnt. (Mean values for six subjects.) 
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TABLE II 

(Experiment III) 

The effect of a single injection of theophylline ethylene diamine on renal function in control subjects (N = 10) 




Control periods 

Periods after administration of 
theophylline ethylene diamine 

1 



1 

2 ■ 

3 

Average 

4* 

s 

6 

7 

8 

Glomerular Filtration Rate 
cc./min.lJ.73 sq.m. 

Mn 

ffUn 

97.1 

6.6 

98.4 

6.1 

94.3 

6.8 


119.4 

7.2 

1 

102.9 

6.5 

105.9 

7.4 

107.4 

6.4 

106.1 

6.4 

Effective Renal Plasma Flow 
cc.lmin. 11.73 sq.m. 

1 Mn 

1 469.6 
46.6 

481.7 

37.2 

472.4 

43.0 

474.6 

40.6 

618.9 

55.8 

475.5 

37.1 

470.7 

40.4 

455.9 

38.5 

462.2 

40.4 

Filtration Fraction 
per cent 

Mn 

trim 

21.4 

1.1 

20.9 

0.8 

20.4 

0.9 

20.9 

0.9 

19.9 

1.1 

22.0 

0.9 

23.0 

0.8 

24.2 

1.1 

23.6 

1.0 

Urine Flow 

cc.j min. ! sq.m. 

Mn 1 

(TMii 

2.32 

.5 

2.62 i 

.4 

2.59 

.4 

2.51 

.4 

8.20 

1.0 

5.19 

.5 

3.88 

.6 

3.44 

.3 

3.16 

.4 

Sodium Clearance 
cc./min. 

Mn 

Clin 

2.26 

.25 

2.33 

.21 

2.25 
.26 1 

2.28 

.23 

7.32 

.78 

6.88 

.48 

6.35 

.49 

6.61 

.59 

6.03 

.40 

Concentration of Sodium in Urine 
m.eq.jcc. 

Mn 

CJin 

■ 

.087 

.014 

.081! 

.014 

.086 

.014 

.075 

.006 

.114 

.012 

.153 

.022 

.159 

.014 

.170 

.019 


* Injection of 0.48 gm. of drug during the first five minutes of the fourth clearance period 


syphilis was positive. Treatment had consisted of 2 cc. 
of mercupurin weekly; no digitalis was taken. His last 
injection of mercupurin had been on 2/27/48. His diet 
was regular. 

Experimental procedure 

The test was begun after a 12-hour fast at 8:00 a.m., 
and three control clearance periods were usually com- 
pleted by 9:30 a.m. Each subject was given 100 cc. of 
water at 6:00 a.m., and every one-half hour thereafter 
until the control periods had been completed. Filtration 
rate and effective renal plasma flow were measured by 
inulin and diodrast clearance respectively (13). All 
tests were made at constant blood levels of inulin and 
diodrast, using an infusion rate of 3.0 cc. per minute. 
Urine samples were collected by catheterization over 
10-12 minute periods. 

Venous pressure was measured by the method of 
Moritz and von Tabora and was referred to a point 
10 cm. from the back at the level of the fourth inter- 
costal space adjacent to the sternum. 

Experimental Design — Control Subjects 

A preliminary study (Experiments I and II) was con- 
ducted to determine a satisfactory time schedule and dose 
of intravenous T.E.D. Experiment III served as the 
control series for the study of patients in cardiac failure. 

Experiment I. The effeet of a single injeelion of 
T.E.D. on renal function with interruption of clearance 
periods during the injection. At the completion of three 
control clearance periods of 10-12 minutes each, 0.48 gm. 
of T.E.D. was administered intravenously over a period 
of five minutes. At the end of the injection, the bladder 
was washed, and five more clearance periods were fol- 


lowed. Only inulin and diodrast clearances were de- 
termined in the nine subjects of this experiment. 

Experiment II. The effect of the continuous adminis- 
tration of T.E.D. on renal junction. In order to in- 
crease the magnitude of the effect, a larger dose (0.96 
gm.) of the drug was given in this experiment. A single 
injection of 0.48 gm. of T.E.D. was administered in- 
travenously during the first five minutes of period 4 and 
another 0.48 gm. was infused with the inulin and diodrast 
solution during the remaining five clearance periods. In 
this group of six subjects, sodium excretion was studied 
in addition to the clearance of inulin and diodrast. 

Experiment III. The effect of a single injection of 
T.E.D. on renal function ■without interruption of the 
clearance periods during the injection. On the basis of 
the results of Experiments I and II, a single injection 
of 0.48 gm. of T.E.D. was made during the first five 
minutes of clearance period 4 in ten subjects. Inulin, 
diodrast, and sodium clearances were determined. 

Experimental Design — Patients in Congestive 
Heart Failure 

Experiment IV. The same time schedule and dose of 
T.E.D. as in Experiment III (control group) were 
used in the study of the six patients in heart failure. 

Chemical Methods 

Inulin analyses were made according to the method of 
Harrison (14). A modification of the method of FIox, 
Piteskj', and Alving (15) was used in the determination 
of diodrast iodine (16). It was demonstrated that 
T.E.D. did not interfere with the chemical recovery 
of inulin and diodrast iodine from human plasma. So- 
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dium was determined gravimetrically according to the 
method of Butler and Tuthill (17). 

RESUETS 
Control subjects 
{Experiments I, 11, III) 

Glomerular filtration rate. Administration of 
T.E.D. was followed by a sustained elevation of 
the glomerular filtration rate which persisted for 
55-60 minutes in the control subjects (Tables I 
and II) (average control period — period 8; t = 
3.64, P<1%, N = 10® for Experiment III). 
The magnitude of the rise varied with the dose of 
T.E.D. so that the greatest increase occurred with 
the continuous infusion of 0.96 gm, (Experiment 
11 ). 

Effective renal plasma flozu. The response of 
effective renal plasma flow to T.E.D. was variable. 
In some cases, a transitory rise was observed dur- 
ing the fourth clearance period only; during the 
remaining periods effective renal plasma flow was 
at a control level or below. In other subjects, renal 
plasma flow increased during the fourth clearance 
period and gradually returned to the control value 
during periods 5-8. The average change for 10 
subjects (Experiment III) was an elevation dur- 
ing the fourth period only (Table II, Figure 1) 
(average control period — ^period 4 ; t = 5.64, P < 
1^, N = 10) (average control period — period 8; 
t = .78, P > 90%, N = 10). After continuous 
infusion of 0.96 gm. of T.E.D., the elevation in 
effective renal plasma flow was consistently main- 
tained for a longer period than after a single in- 
jection. 

Filtration fraction. The average filtration frac- 
tion remained unchanged during the fourth and 
fifth clearance periods but increased significantly 


in the remaining three periods (6 — 8) (average 
control period — ^period 5; t = 1.34, V — 90%, N 
= 10) (average control period — period 8; t = 
5.15, P < 1%, N = 10). Wide individual differ- 
ences in response were observed. 

Urine fioiv. Average urine flow increased three- 
fold immediately after the administration of T.E.D. 
(average control period — period 4 ; t = 6.62, P < 
1%, N = 10) and gradually returned to a level 
slightly above the control values in the remaining 
periods (average control period — period 5; t = 
4.77, P < 1%, N = 10) (average control — ^period 
8; t = 1.44, P = 80 - 90%, N = 10). 

Sodium clearance. The average sodium clear- 
ance (Experiment III) increased approximately 
threefold for 55-60 minutes after the administra- 
tion of T.E.D. (average control period — period 4 ; 
t = 6.72, P < 1%, N = 10) (average control pe- 
riod — period 8; t = 8.72, P < 1%, N = 10). The 
mean plasma sodium values for the 10 cases were 
139.7, 139.1, 139.5, 138.3, 138.8, 137.9, 139.2, and 
137.9 m.eq./L. for clearance periods 1-8 respec- 
tively. The difference between the average con- 
trol value for plasma sodium and the average for 
the five periods after the injection of T.E.D. was 
insignificant (t = 2.58, P = A%, N = 10). The 
concentration of sodium in the urine remained un- 
changed during the fourth clearance period but 
increased gradually during the remaining periods 
until it doubled the control value (average con- 
trol period — ^period 4; t = 0.70, P > 90%, N = 
10) (average control period — period 8; t = 3.65, 
P< 1%, N= 10). 

Venotis pressure. Venous pressure decreased 
from a mean control value of 10.0 to 8.3 cm. of 
saline after the administration of T.E.D. (t = 
9.08, P < 1%, N = 10). 


® Since all values obtained before and after the ad- 
ministration of T.E.D. in a given subject are highly cor- 
related, all tests for significances were made by calcu- 
lating t scores by the difference method. 


t = 


difi. 


2(xi — Xz) 

N 

‘^Modiff. 

°'diff. 

VN - 1 


Mn diff. 

"■ilnditf. 


=^dlt[. 


^ JS(Xi — X;)- _ ^ S(X| 


xOV 


N 


where Xi and x; are observations made before and after 
treatment in the same subject. 


Patients in congestive heart failure 
(Experiment IV) 

The six cases in this experiment included two 
patients with inactive rheumatic valvular disease, 
two with arteriosclerotic heart disease, one with 
hypertensive cardiovascular disease, and one with 
syphilitic and arteriosclerotic heart disease. The 
findings from the study of two of these cases which 
illustrate the variation in the control values and 
the response in renal function to T.E.D. are com- 
pared with the average values for the control 
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group (Experiment III) in Figure 1. The re- 
sults for the entire group are summarized in Table 
III. 

Control periods. The mean values ior the three 
control clearance periods for filtration rate varied 
from normal to more than 50% below normal. 
Effective renal plasma flow was reduced below 
300 cc./min./1.73 sq.m, in all cases. Filtration 
fraction was elevated in all but Case 6. Sodium 
clearance was reduced considerably below the 
mean value for the control group (2.28 cc./min. ± 
.23) in Cases 1-4 but was elevated in Cases 5 and 
6. Attention is called to the fact that a low sodium 


clearance was present in cases with a normal fil- 
tration rate while the cases with an elevated so- 
dium clearance showed a low filtration rate. 
Urine flow was diminished below the average 
control level in all but Case 5. The concentration 
of sodium in urine was lower than the average 
control level in all but Case 6. 

Periods after the administration of T.E.D. The 
response in renal hemodynamics and sodium ex- 
cretion to this drug was variable both in magni- 
tude and duration. The elevated filtration rate 
was not sustained throughout the experiment in a 
single case and was increased for one period only 


TABLE in 


(Experiment IV) 

The effect of theophylline ethylene diamine on renal function in patients with cardiac failure 


Case 

No. 


Control periods 

Periods after administration of 
theophyllme ethylene diamine 

1 

2 

3 

Average 

4* 

. 

s 

6 

7 

8 

1 

Glomerular Filtration Rate 

92.4 

99.8 

108.1 

100.1 

239.1 

94.6 

102.4 

89.5 

106.0 

2 

cc.lmin./1.73 sq.m. 

98.5 

97.2 

98.4 

98.0 

143.1 

113.8 

136.3 

107.8 

85.8 

3 


131.2 

140.0 

132.3 

134.5 

143.0 

125.6 

121.7 

119.2 

123.7 

4 


75.4 

70.8 

58.9 

68.4 

69.8 

75.2 

74.5 

— 

— 

5 


59.9 

58.6 

57.1 

58.5 

72.1 

54.4 

61.5 

60.5 

65.5 

d 


27.6 

30.0 

25.8 

27.8 

31.6 

23.2 

24.7 

25.3 

26.0 

1 

Effective Renal Plasma Flow 

154.0 

186.1 

192.0 

177.4 

388.0 

183.0 

194.7 

155.1 

195.2 

2 

cc./min. J 1.73 sq.m. 

217.6 


209.2 

213.6 

359.1 

266.6 

283.7 

256.0 

208.4 

3 


272.6 

295.2 

275.7 

281.6 

382.0 

329.0 

271.3 

307.8 

324.0 

4 


199.0 

183.4 

154.7 

179.3 

185.3 

164.2 

153.8 

— 

— 

5 


198.6 

170.1 

167.9 

178.8 

218.1 

197.1 

201.8 

202.5 

193.9 

6 


137.9 

128.8 

131.4 

132.7 

163.0 

130.3 

131.9 

127.9 

141.3 

1 

Filtration Fraction 

60.0 

53.6 

56.3 

56.6 

61.6 

51.1 

52.6 

57.7 

54.3 

2 

per cent 

45.3 

45.4 

47.0 

45.9 

39.8 

42.7 

48.0 

42.1 

41.2 

3 


48.1 

47.4 

48.0 

47.8 

37.4 

38.2 

44.9 

38.7 

38.2 

4 


37.9 

38.6 

38.0 

38.2 

37.7 

45.8 

48.4 

— 

— 

5 


30.1 

34.4 

34.0 

32.8 

33.0 

27.6 

30.5 

29.9 

33.8 

6 


20.0 

23.3 

19.7 

21.0 

19.4 

17.8 

18.5 

19.8 

18.4 

1 

Urine Flow 

2.45 

1.59 

1.49 

1.84 

6.63 

4.73 

3.54 

3.66 

3.06 

2 

cc./min. (sq.m. 

— 

.34 

.28 

.21 

1.80 

1.65 

2.72 

1.74 

2.01 

3 


— 

1.22 

.51 

.58 

5.99 

7.65 

5.09 

4.75 

5.23 

4 


1.74 

1.60 

1.16 

1.50 

2.22 

2.46 

1.89 

— 



5 


5.42 

6.68 

5.42 

5.84 

11.12 

5.60 

4.12 

5.36 

4.82 

6 


1.61 

1.47 

2.30 

1.79 

3.17 

2.24 

1.70 

.90 

.94 

1 

Sodium Clearance 

.50 

.53 

.58 

.53 

4.80 

3.06 

2.81 

2.52 

2.77 

2 

cc./min. 

.14 

.14 

.14 

.14 

2.82 

3.29 

3.55 

3.39 

2.90 

3 


.41 

.41 

.37 

.40 

7.36 

9.34 

6.65 

6.45 

6.68 

4 


1.53 

1.28 

1.16 

1.32 

3.78 

4.14 

4.10 



5 


4.10 

5.13 

4.69 

4.64 

6,78 

4.90 

4.85 

4,59 

5.65 

6 


2.69 

2.67 

2.59 

2.65 

3.82 

2.98 

2.30 

2.17 

1.98 

1 

Concentration of Sodium in Urine 

.019 

.031 

.036 

.028 

.066 

.059 

.073 

.063 

.083 

2 

m.eq./cc. 

— 

.036 

.043 

.029 

.138 

.176 

.113 

.172 

.127 

3 


— 

.031 

.068 

.033 

.115 

.114 

.122 

.127 

.120 

4 


.063 

.058 

.072 

.064 

.121 

.120 

.154 



5 


.064 

.065 

.073 

.067 

.052 

.074 

.099 

.072 

.099 

0 


.132 

.145 

.089 

.123 

.095 

.106 

.108 

.193 

.167 


• Injection of 0.48 gm. of drug during the first five minutes of the fourth clearance period 
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Fig. 1. The Effect of Theophylline Ethylene Diamine on Renal Function in a 
Group of 10 Control Subjects (Experiment III) and in Two Patients with Congestive 
Heart Failure (Experiment IV) 

Case 1 with heart failure showed a normal filtration rate but sodium clearance was low during 
the control periods ; a maximal response to T.E.D. occurred. Case 5 with heart failure showed 
a low filtration' rate but an elevated sodium clearance was obtained during the control periods ; a 
minimal response to T.E.D. occurred. The arrows indicate the time of the beginning of the 
injection of T.E.D. The dotted line represents the mean value for the three periods before T.E.D. 


in two of the three cases in which a significant 
response occurred. The rise in effective renal 
plasma flow was also transitory. The increase in 
sodium and water excretion varied from a mode- 
rate elevation in Case 4 to a marked rise in Cases 
1 and 3. As in the control study (Experiment III) 
the elevation in sodium clearance was sustained 
for five clearance periods in Cases 1-4 but was 
increased during period 4 only in Cases 5 and 6. 
The water diuresis was maintained throughout 
the experiment in Cases 1—4 as compared with the 
more transitory diuresis in the controls. The 
concentration of sodium in the urine increased af- 
ter T.E.D. in Cases 1-4 and remained at the ele- 
vated level in accordance with the sustained in- 


crease in both urine flow and sodium clearance. 
In Cases 5 and 6 the changes in the concentration 
of sodium in the urine were insignificant. 

DISCUSSION 

M echanism of xanthine diuresis 

Studies of the diuretic action of xanthines have 
yielded conflicting findings both in lower animals 
and man. As a result, two principal theories have 
been formulated to explain the mechanism of xan- 
thine diuresis. First, it has been proposed that 
diuresis is primarily the result of augmented 
glomerular filtration rate secondary to an increase 
in renal blood flow. Secondly, investigators have 
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presented evidence that xanthines exert their ac- 
tion on the renal tubules to decrease reabsorption 
of water and electrolytes. 

Effect of xanthines on renal hemodynamics. 
In lower animals, some xanthines increase filtra- 
tion rate, while others do not. For instance, 
Schmitz (18) reported that euphyllin consistently 
increased glomerular filtration rate in dogs while 
others (19-21) found renal hemodynamics un- 
altered significantly after the injection of theophyl- 
line in rabbits and dogs. 

In man the results have been more uniform. 
With the exception of an early report by Blum- 
gart and associates (22), studies (11, 23-27) 
have demonstrated repeatedly an alteration in 
renal hemodynamics. However, there is consider- 
able variation in the magnitude and duration of 
the response. 

In the present study, a sustained increase in 
glomerular filtration rate occurred consistently 
in the 25 control subjects while the response in 
patients with congestive heart failure was variable. 
In normal subjects, Howarth and associates (28) 
reported a 35% increase in cardiac output which 
lasted for 10-15 minutes after the intravenous 
administration of 0.48 gm. of T.E.D. Conse- 
quently, the sustained elevation in glomerular fil- 
tration in control subjects may be explained on 
the basis of renal arteriolar dilatation, while the 
marked initial response in Experiments II and 
III may be the result of a transitory elevation in 
cardiac output superimposed upon alterations in 
the renal arterioles. The more transitory re- 
sponse in filtration rate in patients with cardiac 
failure suggests that T.E.D. has less effect upon 
the renal arterioles in these patients than in con- 
trols. Furthermore, the marked immediate eleva- 
tion and transitory response in glomerular filtra- 
tion in some cases with cardiac failure (Cases 1 
and 2) may be primarily the result of increased 
cardiac output rather than renal arteriolar dilata- 
tion. 

Since most of the control values of renal plasma 
flow in elderly subjects are low when compared 
with the values reported for the middle and young 
age groups (16, 29), the question arises as to the 
completeness of renal diodrast extraction. From 
the available data this question cannot be answered 
and renal plasma flow has been referred to as "ef- 


fective renal plasma flow.” An increase in dio- 
drast clearance may be indicative of an increase in 
renal plasma flow after the administration of 
T.E.D. unless the renal diodrast extraction ratio 
is increased by improving the cellular function of 
the tubules so that they extract a higher percentage 
of diodrast. The changes in effective renal plasma 
flow may then be attributed to possible alterations 
in (I) cardiac output, (2) afferent and efferent 
arteriolar size, and (J) diodrast extraction. 

Effect of T.E.D. on tubular reabsorption. Con- 
sideration of the temporal relationship of the re- 
sponse in filtration rate to the rise in sodium clear- 
ance reveals that both were sustained for 50-60 
min. in the control subjects. However, Cases 1-4 
with congestive heart failure showed a very transi- 
tory or no increase in filtration rate while sodium 
clearance was maintained at an elevated level 
throughout the experiment. This finding that 
T.E.D. decreases sodium reabsorption was pre- 
sented in a preliminary report by Davis and Shock 
(27) and confirmed by Sinclair-Smith and associ- 
ates (11). 

Evidence that T.E.D. results in decreased water 
reabsorption is suggested from the relationship of 
the level of filtration rate to urine flow in the 
control subjects. The elevated filtration rate was 
maintained for five periods after T.E.D. but urine 
flow returned to the control level during periods 
7 and 8 (Figure 1) . Since the tubules possess the 
capacity to reabsorb the increased load of water 
imposed by the elevated filtration rate during pe- 
riods 7 and 8, the increase in urine flow during 
periods 4-6 may be explained on the basis of 
T.E.D. inhibiting water reabsorption.'* Further- 
more, urine flow was maintained at an elevated 
level in cases of cardiac failure in whom the re- 
sponse in filtration rate was transitory. These 
findings indicate that the sustained diuretic effect 
of T.E.D. is primarily the result of its action (di- 
rect or indirect through the posterior pituitary) 
on renal tubules. The lack of an elevated urine 
flow in the presence of a high sodium clearance 
(periods 7-8) indicates that this level of sodium 
excretion was insufficient to effect an apprcaable 
osmotic diuresis. 

* This assumes that To for water remains constant for 
periods 4-S, For a discussion of To for water see 
Wesson, Anslow, and Smith (12). 


/■ 
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Renal Function in Congestive Heart Failure 
Clearance determinations during the control pe- 
riods revealed a normal glomerular filtration rate 
in the presence of a low sodium clearance in Cases 
1-4. In Case 4, the glomerular filtration rate of 
68.4 cc,/min./1.73 sq.m, may seem abnormally 
low for even an 82-year-oId man, but this is the 
same order of magnitude as reported by Davies 
and Shock (29) for men 80-90 years of age who 
showed no evidence of cardiac or renal disease from 
history, physical examination and urinalysis. 
Cases 5 and 6 showed a low filtration rate but so- 
dium clearance was higher than the mean value 
for the control group. These findings of the lack 
of correlation between the level of filtration rate 
and sodium clearance coincide with the results 
of other studies (10, 11, 30) and indicate that fil- 
tration rate is not the primary mechanism for salt 
retention in cardiac failure. 

The incidence of a normal filtration rate in one- 
half to two-thirds of the patients with cardiac fail- 
ure in this series may be unusually high. How- 
ever, examination of the results of other investiga- 
tors indicates that a normal filtration rate is not 
uncommon (4, 10, 11, 30). Farnsworth and 
Krakusin (30) reported one of two cases and 
Sinclair-Smith and associates (11) found one of 
three cases who consistently showed a normal fil- 
tration rate during long term electrolyte balance 
and renal function studies. Briggs and coworkers 
(10) noted a glomerular filtration rate above 105 
cc./min./1.73 sq.m, in three of 16 cases. When 
account is taken of the decline in filtration rate 
with age (29), the per cent of reported cases with 
a normal glomerular filtration rate in a large series 
such as Merrill’s becomes significant. 

The two cases (5 and 6) who showed an ele- 
vated sodium clearance are unusual. Certain data 
suggest that they had intrinsic renal tubular dis- 
ease before the onset of congestive heart failure. 
After the state of cardiac compensation had im- 
proved, concentration tests revealed a low maxi- 
mal specific gravity of the urine (1.015 and 
1.018). In both cases an advanced degree of 
generalized arteriosclerosis was present. Al- 
though it is not possible to predict the extent of 
renal involvement from the degree of arterio- 
sclerosis in the peripheral vessels, arteriosclerosis 
would offer a likely explanation for such renal 
involvement. It seems unlikely that an elevated 


sodium intake was present in these two patients 
since tliey were on a diet similar to the control 
subjects and two of the patients with a low sodium 
clearance. Furthermore, the elevated sodium 
clearance was not the result of improvement dur- 
ing diuresis as described in some cases of Three- 
foot, Burch, and Reaser (31) because these pa- 
tients were becoming progressively more decom- 
pensated before the experiment. It may be of some 
significance that the control subjects and patients 
in cardiac failure received normal saline in both 
the priming and sustaining solutions. Since they 
received approximately 3 cc. of normal saline per 
minute, .426 m.eq./min. of sodium chloride was 
infused. This value is of the same order of magni- 
tude as the quantity of sodium excreted (.639 and 
.366 m.eq./min. in Cases 5 and 6 respectively). 

The experimental alteration of renal hemo- 
dynamics in heart failure by T.E.D. proved to be 
of little importance in studying the mechanism of 
salt and water retention. Since T.E.D. decreases 
tubular reabsorption of sodium, it tends to obscure 
any close correlation which might exist between 
sodium excretion and the tubular load of sodium. 
It should be pointed out, however, that an elevation 
in glomerular filtration rate was frequently un- 
accompanied by a corresponding increase in so- 
dium clearance. In other words, the tubules were 
capable of reabsorbing approximately two and one- 
half the tubular load of sodium during period 4 
as compared Avith periods 5-8 (see Case 1). 

Since the evidence presented in this study offers 
no support for the hypothesis that salt retention 
is the result of a low filtration rate, the theory that 
renal impairment in cardiac failure is related, to 
tubular dysfunction should be investigated more 
thoroughly. A low filtration rate may lead to salt 
retention by increasing tubular reabsorption of 
sodium or by some other mechanism in some pa- 
tients but in other cases the kidney retains sodium 
in the presence of a normal glomerular filtration 
rate. The exact mechanism responsible for the 
accumulation of salt and water in heart failure 
awaits a more complete understanding of the tu- 
bular reabsorptive mechanism of sodium in nor- 
mal individuals. Investigation of the role of ex- 
tra-renal factors such as extracellular fluid volume, 
adrenal cortical hormones, and the secretion of the 
posterior pituitary may help to clarify this com- 
plicated problem. 
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SUMMARY 

The effect of theophylline ethylene diamine on 
renal function was studied in 25 control subjects 
and in six patients with congestive heart failure. 
Venous pressure was measured in 10 of the con- 
trol subjects and in four of the patients with car- 
diac failure. 

In the control subjects, an increase in filtration 
rate was sustained for 50-60 minutes. The re- 
sponse in effective renal plasma flow varied from 
a transitory elevation lasting 10-12 minutes to 
an elevation followed by a gradual return to the 
control level or below. Filtration fraction was 
usually unchanged during the first two periods 
after T.E.D. but was elevated during the remain- 
ing three clearance periods. Urine flow trebled 
immediately after the injection of T.E.D. and 
gradually returned to a value slightly above the 
control level during the next 50 or 60 minutes. 
Sodium clearance increased threefold and remained 
elevated throughout the test. The concentration 
of sodium in the urine was unaltered immediately 
after the injection of T.E.D. but gradually in- 
creased to a level double the control. The mean 
decrease in venous pressure was 17 per cent of 
the control value. 

During the three control periods the patients in 
congestive heart failure showed a filtration rate 
within normal limits in Cases 1-4 while effective 
renal plasma flow was consistently reduced. Urine 
flow was below the level for the control subjects in 
these four patients. In Cases 5 and 6, both filtra- 
tion rate and effective renal plasma flow were 
greatly diminished. Urine flow was elevated in 
Case 5 but depressed in Case 6. Filtration frac- 
tion was elevated in all but one of the six patients. 
The concentration of sodium in the urine was de- 
creased below the value for the control group in 
all but one case. 

The response in renal hemodynamics to T.E.D. 
in patients with cardiac failure was variable. 
Filtration rate and effective renal plasma flow 
failed to increase at all in some patients and in- 
creased over 100 per cent in others. In Cases 1-4 
urine flow and sodium clearance varied from a 
slight to a marked response. In Cases 5 and 6 
urine flow and sodium clearance increased slightly 
only immediately after the injection of T.E.D. 
The concentration of sodium in the urine increased 


immediately after T.E.D. in Cases 1-4 but re- 
mained unchanged in Cases 5 and 6 except for a 
slight increase during the last clearance periods. 
The response in venous pressure to T.E.D. varied 
with the height of the initial level ; in patients with 
a control tension of approximately 10.0 cm. of 
saline the response was similar to that observed in 
control subjects while one patient with a high 
venous tension before T.E.D., showed a marked 
fall. 

CONCLUSIONS 

The mechanism of the diuretic action of T.E.D. 
in man is apparently two fold. An increase in 
the excretion of sodium and water is associated 
with (7) an elevation in glomerular filtration rate, 
and (2) a decrease in renal tubular reabsorption 
of sodium and water. Although a quantitative 
evaluation of the relative importance of each of 
these factors cannot be made from the available 
data, it seems that a decrease in tubular reabsorp- 
tion contributes more to the sustained diuresis 
than augmented filtration rate. 

The evidence from this study offers no support 
for the concept that salt and water retention by 
the kidney in patients with congestive heart fail- 
ure is the result of low filtration rate. Conse- 
quently, it appears that the mechanism of renal 
impairment in cardiac failure is to be sought in a 
study of the tubular reabsorptive mechanism of 
sodium. 
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Although the serum proteins in diseases of the 
liver have been studied by the electrophoretic 
method by many investigators, few references have 
been made to biliary cirrhosis (1-3). Since a 
systematic study has not as yet appeared, the pres- 
ent investigation of ten cases of obstructive biliary 
cirrhosis was undertaken. 

METHODS 

Electrophoretic runs were performed with standard ap- 
paratus and technique, the experimental details having 
been reported previously (4). The buffer was sodium 
diethylbarbiturate (veronal) of pH 8.6 and ionic strength 
0 . 1 . 

In the estimation of the fractions as per cent of the 
serum proteins both ascending and descending patterns 
were used, the areas being divided by ordinates from the 
nadirs between peaks to the base line. The quantities of 
the fractions as grams per cent represent the products 
(4, 5) of the percentages and the total proteins from 
the conventional Kjeldahl method, using a nitrogen fac- 
tor of 6.25. Such a method of computation involves the 
assumptions that the specific refractive increments and 
the nitrogen contents of the various protein fractions are 
identical. These assumptions which have been gen- 
erally employed as first approximations must be modified 
somewhat in view of the quantitative studies of Arm- 
strong and colleagues (6, 7) . In practice the errors thus 
introduced appear ordinarily no greater than others in- 
herent in the electrophoretic method. However, where 
there is considerable increase in the lipids associated with 
the beta-globulin complex, the nitrogen content of this 
fraction is low in comparison with its refractive incre- 
ment which determines the size of the peak in the 
electrophoretic diagram. In such a circumstance, which 
occurred in some of the cases of the present series, the 
errors in computing the absolute concentrations of the 
protein fractions may become appreciable. On the other 
hand, the accuracy of the r-alues for the relative propor- 
tions of the fractions (as per cent of the serum proteins) 
should not be seriously affected. 

The tests of hepatic function were performed by the 
usual methods as previously described (4), alkaline phos- 
phatase being reported in Bodanskj- units. Cholesterol 

1 Present address : Department of Medicine, Harvard 
Medical School, Boston, Mass. 


and cholesterol esters were determined by the method of 
Schoenheimer and Sperry (8). 

Ether extraction of the serum was carried out in one 
case by performing three extractions with redistilled 
diethyl ether, shaking thoroughly before each separation. 
The procedure was carried out in a cold room at 4° C. 
The ether layer acquired the coloration of the serum, the 
hue being progressively less intense on successive ex- 
tractions so that in the third, the ether layer was almost 
colorless. 

CASE MATERIAL 

The present study comprises ten cases of obstructive 
biliary cirrhosis. In all patients cholelithiasis had been 
present and cholecystectomies had been performed. All 
had been intensely jaundiced or were still jaundiced at the 
time of study. In six cases (L. S., L. H., K. V., M. G., 
W. H., and T. O.) development of biliary cirrhosis fol- 
lowed cholecystectomy, and four of these patients (L. S., 
L. H., W. H., and T. O.) had subsequent laparotomies 
in the attempt to repair a severely stenosed common duct. 
In four cases (F. F., M. E., M. F., and C. M.) biliary 
cirrhosis was already present at the time of chole- 
cystectomy and hence could not be attributed to surgi- 
cal trauma to the common duct. 

The diagnosis was confirmed histologically from tissue 
obtained at laparotomy or by needle (Vim Silverman) 
biopsy of the liver in eight of the ten cases. The other 
two (M. G. and W. H.) were clinically typical cases, and 
in one of them (W. H.) an enlarged bile-stained liver 
was observed at three laparotomies for repair of the 
severely stenosed common duct. 

The series has been confined to cases of biliary cir- 
rhosis of the obstructive type, other etiologies such as 
parasitic infestation, etc. being excluded. No cases of 
essential xanthomatosis were studied. 

RESULTS 

Typical electrophoretic patterns are illustrated 
in Figure 1 and the data on the serum proteins 
as well as the tests of hepatic function are listed 
in Table I, roughl}" in order of increasing devia- 
tion from normal serum protein composition. 
The normal controls have been reported previously 
(4). 

The electrophoretic analyses revealed diminu- 
tions of the serum albumin fractions in all cases 
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TABLE I 

Bromsitlfalcin tests on the two patients zvith normal scrum bilirubin values, IV. H. and M.P., 
revealed 3 per cent and 48 Per cent retention respectively 

HTLIARY cpmcsis 


Patient 

Elootrppharotio data 

Howe oodlun tmlfato 

Tooto of hepatic function 

per cent 

KTOEiB per cent 

a/g 

a/g 

RTfina por cont 
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thjB 
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^^3 

m 
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«) 

0<A 

/3 

'S 
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a* 

“a 

/3 
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H 

W.H. 
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SB 
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0.35 


1.22 

0.95 

1.20 

2 . 0 I* 

1 *. 61 * 

2.28 

6.92 

IS 

m 
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2 C 5 

M.F. 

1 A .8 

29 

10.2 

16.5 

23.3 

3.**0 

0 . 1*1 

0.78 

1 . 21 * 

1.77 

0.81 

1.33 

l*. 3 >* 

3.26 

7.60 



2 + 

6.9 


230 

172 

T.O. 

hS.l 

6.6 

13.3 

27.9 

10.1 

2.69 

0 . 1*2 

0.85 

1.79 

0.65 

0.73 

1.91 

1*.20 

2.20 

6 , 1*0 

13 . 1 * 


nog. 

EB 

- 


155 

M.G. 

*» 7.9 

D 

EQ 


ESS 

3 .U** 

gQjgl 

[2^ 


oEa 


1.37 



7.18 


ES 

3 t 

m 


m 
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C.M. 

UO .8 



m 


2 . 1*9 

[201 

0^ 




1 . 1 * 1 * 

5.60 

2.50 

6.10 



3 t 


SB 


95 

iBB 

37.8 

8.8 

i 6.3 

21.0 

16.1 

2 . 1*7 

0.57 

1.06 

1.37 

1.05 

0.61 

1.19 

3 . 51 * 

2.98 

6.52 

3.5 


1 + 

9.2 


268 

165 

K.V. 

36.9 

6.9 

12.1 

23.7 

20 .*t 

2 .® 

0.38 

0.67 

1.30 

1.12 

0.59 

1 .C 6 

2.86 

2 . 61 * 

5.50 

12.0 

17.2 

3 + 

12.7 

lo.t 

IS 

6 S 

M.E. 

39.0 

6.6 

9 .‘» 

18.8 

26.2 

3.12 

0.53 

0.75 

1.50 

2.10 

0 . 61 * 

0.98 

5.95 

l *.05 

8.00 

B9 
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lB .8 

1 * 1.7 

350 

21*5 


29.6 





2.53 

0 . 1*5 

0.79 

2.19 

2.58 

0 . 1*2 

0.72 

3.58 

1*.96 

8 . 51 * 

lEB 

m 

3 f 
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1 * 9.9 

1*70 
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L.H. 
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Ifl.O 

2.92 
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aSa 
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SB 

1 *+ 

EBBI 

SBI 

1*08 

ll *5 

AYERACS: 

Ho .6 
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1.60 

1 .UU 

0.71 

1.29 

3.69 

3.29 

7 .IB 

♦ otarred toIusb 
not Blisiltaneoue 
vlth otter data 
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Deviation 

6.9 

m 

Dl 

5.2 

5.6 

0.52 

0.08 

0.21 

0.55 

0.55 

0.21 

0 . 1*1 

0 . 1*8 

0.99 

1.06 


ITQI^KAXf SSEIA 
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AVKRACE 

60.3 

u.o 

9.7 

12.8 

13.2 

1*.23 

0.28 

0.68 

0.89 

0.93 

1.52 

2.31 

lt.89 

2.12 

7.01 

Standard 

Deviation 

2.8 

0.8 

1.5 

1.2 

1.7 

0.29 

0.06 

0.10 

0.08 

0.13 

0.18 

0 . 3 ** 

0.30 

0 . 21 * 

0.30 


even when normal by the Howe method. The 
gamma-globulins were elevated in eight of the 
ten cases. The beta-globulins were elevated in 
all cases, with some strikingly high values, a find- 
ing which will be further discussed. Significant 
increases of the alpha-one- and alpha-two-globulins 
occurred less frequently. 

As shown in Table I, hypercholesterolemia with 
decreased cholesterol esters was observed although 
not a constant finding. Several unusually high 
alkaline phosphatase activities occurred, and all 
but two values were above normal. Cephalin 
cholesterol flocculation and thymol turbidity tests 
were positive in all but four and two instances 
respectively. 

On the basis of their clinical status at the time 
of the study, the cases fell into three groups which 
bore some relationship to the electrophoretic data. 

In the first group of two cases (W. H. and M. 
F.) the pathologic process was apparently quies- 
cent and the serum bilirubin values were normal. 
W. H. had been entirely asymptomatic for five 


months with normal tests of hepatic function in- 
cluding bromsulfalein retention of 3 per cent; the 
electrophoretic analysis showed slightly reduced 
albumin, elevated beta-globulin, and normal 
gamma-globulin. M. F. with minimal symptoms 
(pruritus, fatigability) for 11 months had a high 
alkaline phosphatase ( 35.1 units) and bromsulfa- 
lein retention of 48 per cent, despite normal serum 
bilirubin ; the electrophoretic analysis revealed 
moderately diminished albumin and elevated beta- 
and gamma-globulins. 

The second group of five patients (T. O., M. G., 
C. M., F. F., and K. V.) had active ascending 
cholangitis at the time of the study with varying de- 
grees of elevation of the serum bilirubin. The 
electrophoretic patterns showed greater deviation 
from the normal than the quiescent group with, 
however, considerable variation. The albumin 
values of all but one (M. G.) were below 3 grams 
per cent. T. O. exhibited a strikingly high beta- 
globulin peak without gamma-globulin increase. 
M. G. and K. V. showed increased beta- and 
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gamma-globulins. C. M. and F. F. bad some ele- 
vation of all the globulin fractions, the former with 
high gamma-globulin, the latter with high beta- 
globulin. 

The third group of three patients (M. E., L. S., 
and L. H.) exhibited secondary xanthomatosis 
(palmar and palpebral) after long histories of ob- 
structive jaundice. M. E. was studied three years 
after the onset of episodes of chills, fever and 
jaundice, and five months after cholecystectomy 
which had been followed by decline of the serum 
bilirubin to a value only slightly above the normal 
range. The electrophoretic analysis showed 
marked abnormality with diminished albumin and 
elevated beta- and gamma-globulins, but the pat- 
tern was far less striking than those of L. S. and 
L. H., the most bizarre in the series. These pa- 
tients had almost complete occlusion of the com- 
mon duct due to stricture following cholecystec- 
tomy five years ago in each case, and attempts at 


operative repair had been futile. The onset of 
progressive secondary xanthomatosis occurred dur- 
ing periods of clinical observation long after his- 
tologic diagnoses of obstructive biliary cirrhosis 
had been made. The electrophoretic patterns 
showed spectacular beta-globulin elevations. Both 
had marked diminutions of the albumin fractions. 
The beta-globulin fraction of L. S. was exceeded 
by the even higher gamma globulin, which was the 
highest in all the cases studied. The beta-globulin 
of L. H. was over three times the normal in grams 
per cent and exceeded each of the other fractions 
of the serum. 

Changes of electrophoretic patterns during the 
course of the disease were followed in three il- 
lustrative cases (K. V., L. S., and L. H.). All 
were given a high protein, high carbohydrate and 
high caloric diet containing 120 to 150 grams of 
protein, 350 to 450 grams of carbohydrate, a total 
of 3,000 to 3,500 calories, supplemented by 4 to 
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T.O, - Diainishod albunin; 
cievated beta-globulin 
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increase . 

Active ascending cholangi- 
tis and intense jaundice. 



F.F, - Dlzinishod alburdn; 
all globulin fractions el- 
evate, especially beta- 
globulin. 

Active ascending cholangi- 
tis and intense jaundice. 
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Fig. I 


The albumin peaks arc indicated by A, and tlie globulins by their respective Greek letter prefixes. The unla- 
belled peaks are the stationarj- anomalous boundaries due to gradients of buffer salt 
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TABLE II 

COURSE OF miJARY CIRRHOSIS 



Eleotrophorotlc data 
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COURSE OF BIIIAHT CIRRHOSIS 



Day 0 


Day $9 


Day 87 


Day lliO 


K.V. - Cholecystectomy vrlth rubber abdominal drain three months previously folloKted by intense jaundice 
and ascending cholangitis. Insertion of T-tube into slightly dilated common duct. Subsidence of jaun- 
dice and all sj^toms. 

Alteration of electrophoretic pattern in the direction of normal by Day ??; little change thereafter. 
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» /9eve^ A 
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Day 0 


Day lt9 


Day 0 


Day lU? 


L.S. - Irreparable stricture of common duct after 
cholecystectory five years ago. Progressive devel- 
opment of secondary xanthomatosis. 

Ho significant change in electrophoretic pattern. 


L.H. - Irreparable strictare of common duct after 
cholecystectony five years ago. Progressive devel- 
opment of secondary xanthomatosis. ' 

little change in electrophoretic pattern. 


Fig. 2 
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Fig. 3 
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Ascending Descending 


6 grams of choline chloride daily. During pe- 
riods of acute ascending cholangitis sulfadiazine 
and/or penicillin was administered. 

The electrophoretic patterns and data of these 
three patients are shown in Figure 2 and Table II. 

K. V. had had a cholecystectomy three months 
previously with a rubber abdominal drain left in 
place, followed by intense jaundice and ascending 
cholangitis. After laparotomj' with insertion of a 
T-tube into the slightly dilated common duct (ten 
days prior to Day 0) the jaundice and all symp- 
toms subsided. The serial electrophoretic patterns 
showed evolution in the direction of normal with 
definite rise of the diminished albumin fraction 


and some decline of the elevated beta- and gamma- 
globulins. The most pronounced change had oc- 
curred by Day 59, the pattern showing only minor 
alteration thereafter. During the period of study 
there was also change of the tests of hepatic func- 
tion toward normal. 

L. S. and L. H. with irreversible obstructive 
jaundice (severe stricture of the common duct) 
and secondary xanthomatosis manifested no fun- 
damental change in clinical status during obser- 
\’ation, although recurring episodes of acute as- 
cending cholangitis with chills and fever were 
prevented by sulfadiazine (2 to 6 grams dail}’). 
The electrophoretic pattern of L. S. showed no 
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significant change after 49 days. After 147 days, 
L, H. exhibited some albumin rise and decline 
of the elevated gamma-globulin, while the pattern 
retained the same bizarre general configuration 
with the striking beta-globulin peak. 

In contrast with these findings, portal cirrhosis 
has not shown marked elevation of the beta-globu- 
lin fraction as a constant or conspicuous feature. 
Comparison of the electrophoretic patterns of 
deeply jaundiced cases of biliary and portal cir- 
rhosis is illustrated in Figure 3 where the differ- 
ence between the beta-globulin peaks is striking. 

Ether extraction of the serum of the case of 
biliary cirrhosis resulted in pronounced reduction 
of the beta-globulin peak to approximately one- 
third its original area, the conspicuous beta-globu- 
lin disturbance (spike) of the descending pattern 
being likewise markedly diminished. This ex- 
periment indicates the important contribution of 
lipo-protein to the high beta-globulin. 

DISCUSSION 

The ten cases of biliary cirrhosis had diminished 
albumin values in all instances, even when normal 
by the Howe method. The gamma-globulins were 
elevated in eight of the ten cases. The most char- 
acteristic and conspicuous feature, however, was 
elevation of the beta-globulins, observed in all cases 
and reaching spectacular levels in two cases with 
secondary xanthomatosis (L. S. and L. H,). 
These two cases with almost complete occlusion 
of the common duct due to post-operative stric- 
ture of five years’ duration exhibited the most 
abnormal electrophoretic patterns of the series, 
one of them (L. H.) showing a beta-globulin ex- 
ceeding any of the other fractions. The electro- 
phoretic pattern nearest normal occurred in a pa- 
tient ( W. H.) who had been entirely asymptomatic 
for five months and had normal tests of hepatic 
function. This pattern revealed slightly dimin- 
ished albumin, elevated beta-globulin and normal 
gamma-globulin. 

The data in these cases of biliary cirrhosis con- 
trasted with the findings in a previously reported 
series of cases of portal cirrhosis (4) in which 
elevation of the beta-globulin fraction was a less 
constant and less conspicuous feature, strikingly 
tall peaks never having been observed even when 
the beta-globulin was high. Moreover, in the 
cases of portal cirrhosis beta-globulin increases did 


not occur without marked elevation of gamma- 
globulin. 

It is of interest to compare these findings with 
the isolated cases previously reported. The pa- 
tient with "xanthomatosis and biliary cirrhosis” 
of Gray and Barron (1) exhibited a scrum protein 
composition strikingly similar to our cases with 
secondary xanthomatosis. The two cases of 
Thorn, Armstrong and Davenport (2) had major 
concomitant disease; in one, the biliary cirrhosis 
was secondary to bile duct carcinoma extensively 
infiltrating the liver, and in the other biliary cir- 
rhosis was superimposed on old portal cirrhosis, 
the electrophoretic analyses showing slightly ele- 
vated and normal beta-globulins respectively. The 
patients evidently do not bear close comparison 
with the present series. A single case listed 
among the data of Cohen and Thompson (3) had 
only slight elevation of the beta-globulin but a 
very high gamma-globulin. 

The experiment showing reduction of the greatly 
increased beta-globulin peak to approximately one- 
third its original area by ether extraction was in- 
terpreted as demonstrating the important con- 
tribution of lipo-protein to this pathologically ele- 
vated fraction. The same phenomenon has been 
observed by Longsworth and colleagues in sera 
of patients with nephrosis (9) and obstructive 
jaundice (10), the one difference being that the 
descending beta-globulin disturbance (spike) was 
essentially unchanged, whereas in the present ex- 
periment it was markedly diminished after ether 
extraction. Zeldis, Ailing and co-workers (11) 
reported somewhat similar results but with com- 
plete abolition of the beta-globulin disturbance 
employing an alcohol-ether extraction that prob- 
ably caused partial denaturation of the proteins. 
These findings were obtained in patients with 
nephrosis, "obstructive jaundice with cholangitis,” 
and other diseases. Unpublished work by Lever 
(12) corroborates and extends the present findings 
with cold ether extraction. 

Longsworth (9) has discussed the distinction 
between the lipids presumably present as sus- 
pended globules coated with beta-globulin, notably 
in lipemic (milky) sera which can be clarified by 
high speed centrifugation, and on the other hand 
the lipo-proteins in clear solution, which in patho- 
logic sera (such as the present series) may be 
extracted by cold ether with reduction of the 
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abnormally high beta-globulin peak. It should be 
noted that the alpha- and beta-lipo-proteins of 
normal sera have the solubility properties of pro- 
teins (13, 14) and are not ether-extractable to 
any extent (9, 14). The present elevated beta- 
lipo-protein may differ essentially from the nor- 
mal. An alternative suggestion is the possible 
effect of bile salts in the serum on the stability of 
the lipo-protein complex (15, 16). 

Kunkel and Ahrens (17, 18) have emphasized 
the role of the phospholipid content of the lipo- 
proteins. The phospholipids were found to be 
relatively low in the lipemic (milky) sera of pa- 
tients with nephrosis, but high in the transparent 
high-lipid sera of patients with biliary cirrhosis. 
The clarity of the high-lipid sera in biliary cir- 
rhosis was attributed to the hydrophilic nature of 
the phospholipids by virtue of their water-soluble 
side chains. 

Whether the elevated lipo-protein observed 
electrophoretically as a high beta-globulin peak is 
merely a phenomenon of biliary regurgitation or 
whether it represents some derangement of hepatic 
metabolism remains to be determined. The pat- 
terns with high beta-globulin peaks reported by 
Longsworth (10) and Zeldis and Ailing (11) in 
“obstructive jaundice” tend to support the former 
view, but further knowledge of hepatic function 
in these cases ivould be needed. Gray and Barron 
(1) emphasized that jaundice per se has no in- 
fluence on the electrophoretic pattern and pre- 
sented five jaundiced cases of common duct stone, 
four of which exhibited normal serum proteins. 
The remaining case had an elevated beta-globulin 
fraction, but laparotomy biopsy of the liver showed 
marked histologic evidence of parenchymal dam- 
age. Conversely, in the present series, two cases 
(W. H. and M. F. with apparently quiescent 
pathologic processes) showed elevated beta-globu- 
lins in the presence of normal serum bilirubin. 

The observations of Balfour (19) with the aid 
of radioactive phosphorus together wdth previous 
data (20) suggest that in patients with high levels 
of plasma lipids the cause of elevated phospho- 
lipids is overproduction by the liver rather than 
biliarj'^ regurgitation, not only in biliarj-^ cirrhosis 
but also in the nephrotic syndrome and other 
conditions. 

In the present study the serial electrophoretic 
analyses on sera from a patient without serious 


mechanical obstruction showed alteration of the 
serum proteins in the direction of normal coincid- 
ing with clinical improvement, as has been ob- 
serv'ed previously in-patients with portal cirrhosis 
under medical management (21). On the other 
hand, as expected, two patients with irreparable 
stricture of the common duct showed little change 
in electrophoretic pattern during the period of 
observation. 

SUMMARY 

1. Electrophoretic analyses of the serum pro- 
teins of ten cases of biliary cirrhosis of the obstruc- 
tive type revealed deviations from the normal com- 
position in all. 

2. The albumin fractions were diminished in all 
cases and the gamma-globulins were elevated in 
eight of the ten cases. 

3. Elevated beta-globulins were found in all 
cases and were sometimes strikingly increased. 

4. The elevation of beta-globulins was attributed 
to increased lipo-protein. 

5. The abnormalities of the serum proteins 
were greatest in two cases with irreparable post- 
operative stricture of the common duct and sec- 
ondary xanthomatosis, and were minimal in a case 
without clinical symptoms at the time of study. 
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The abnormal electrophoretic patterns of the 
serum proteins in the acute stage of virus hepati- 
tis were first described by Gray and Barron in 
1943 (1) and have since been confirmed by sev- 
eral investigators (2-5). In the last few years 
there has been considerable interest (6-13) in 
cases of hepatitis progressing to chronic liver dis- 
ease, or developing post-necrotic cirrhosis. Ex- 
cept for the study by Martin (4), however, little 
information has been presented on the serum 
proteins after the acute stage of the disease. 

The present investigation was undertaken to 
observe the alterations of the serum proteins dur- 
ing the course of virus hepatitis, including its 
later stages. 

METHODS 

Electrophocetic runs were performed with standard 
apparatus and technique, the experimental details having 
been given in an earlier report (14) . The tests of hepatic 
function were performed by the usual methods as pre- 
viously described (14), alkaline phosphatase being re- 
ported in Bodansky units. In our experience (15), the 
thymol turbidity test with buffer pH 7.55 has not in- 
frequently given values of 4 or 5 units in normal indi- 
viduals. 

CASE MATERIAL 

Ten volunteer subjects with normal tests of hepatic 
function served as controls, the data having been pre- 
viously reported (14). 

Twenty-one clinically typical cases of hepatitis were 
studied. Histologic verification of parencbjanal in- 
volvement compatible with virus hepatitis was obtained 
in 14 cases, the tissue having been secured by one or 
more Vim Silverman needle biopsies or at laparotomy, 
and in two cases (E. H. and K. H.) at autopsy. On the 
basis of history the cases were considered to be infectious 
hepatitis with exception of two (T. H. and K. H.) re- 
garded as homologous serum hepatitis, having received 
blood and plasma within 60 to 90 days prior to onset 
For the purposes of study, the material was divided into 
the following three groups: 


Group I — Acute phase, ten patients. 

Group II — Course of the disease, with serial electro- 
phoretic studies on five patients over periods of 69 
to 396 days. 

Group III — Late follow-up studies, with single electro- 
trophoretic analyses on sera from 11 patients, ten 
to 36 months after the acute phase. 

Serial needle biopsies and repeated tests of hepatic 
function were performed during the course of observa- 
tion, as described below. 

In addition to bed rest during the acute stage, the 
medical management included a high protein, high car- 
bohydrate, high caloric diet containing 120 to 150 grams 
of protein, 350 to 450 grams of carbohydrate, a total of 
3,000 to 3,500 calories, supplemented in most instances 
by 4 to 6 grams of choline chloride daily. 

RESULTS 

Group I — Acute phase 

In all of the ten cases studied during the acute 
phase histologic examination of liver tissue was 
obtained, in two instances (E. H. and K. H.) at 
autopsy. Two of the ten cases (T. H. and K. H.) 
were regarded as homologous serum hepatitis, 
and the rest as infectious hepatitis. 

Typical electrophoretic patterns are illustrated 
in Figure 1, and the data including tests of hepatic 
function are given in Table I, the cases being 
listed in order of increasing severity of the dis- 
ease as judged by the overall clinical picture. 

It will be readily observed that diminution of 
the albumin fraction occurred in all instances even 
when not evident by the Howe method. Eleva- 
tion of the gamma-globulin fraction was usually 
but not invariably present (seven of the ten 
cases). G. A., J. E., and S. E. exhibited normal 
gamma-globulins, while H. S. had elevation of the 
relative proportion (t.c., per cent) but not the 
absolute value (i.c., grams per cent) of gamma- 
globulin. Elevated beta-globulins occurred in 
seven of the ten cases. 

The first five cases (C. G., T. J., G. A., J. E., 
and S. E.) had mild hepatitis with slight to 
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moderately intense jaundice. C. G. showed ele- 
vated alpha-2-, beta-, and gamma-globulins, with 
almost normal thymol turbidity and negative 
cephalin cholesterol flocculation test. T. J. ex- 
hibited elevation of all the globulins, with both 
thymol turbidity and cephalin cholesterol floccula- 
tion tests within normal limits. G. A., J. E. 
(Figure 3), and S. E. had normal gamma- 
globulins, the first two with elevated beta-globulins 
(and positive thymol turbidity and cephalin cho- 
lesterol flocculation tests), and the latter with 
elevated alpha-2-globulin and positive thymol 
turbidity test. 

The last five cases (H. S., T. H., A, E.. E. H., 
and K. H.) had severe acute hepatitis. Four 
of these were women after the menopause (H. S., 
A. E., E. H., and K. H.) and one (T. H.) was a 
72 year old male with diffuse arteriosclerosis and 
hypertension. Three cases recovered clinically 
from the hepatitis and had no further symptoms 


referable to liver disease (H. S., T. H., and 
A. E,), and two died of parenchymal liver fail- 
ure with intense jaundice, edema, ascites, and 
hemorrhagic phenomena (E. H. and K. H.). 
The electrophoretic albumin values in this group 
were all below 3 grams per cent. H. S. (Figure 
2) had only relative but not absolute increase of 
the beta- and gamma-globulins, while the others 
all showed pronounced relative and absolute 
gamma-globulin elevations. A. E. (Figure 4) 
and K. H. had elevated beta- as well as gamma- 
globulins. A high alpha-l-globulin occurred in 
T. H. The abnormalities of the serum proteins 
in these five cases of severe virus hepatitis were 
in general considerably more pronounced than in 
the five with clinically milder disease. 

Group II — Course of the disease 

The five cases with follow-up studies showed 
evolution of the electrophoretic patterns toward 
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J.E. - Diminished albumin, 
elevated beta-globulin, noimal 
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Fig. 1 


K.H. - Markedly abnormal pat- 
tern uith diminished albumin 
and elevated beta- end gama- 
globuldns. 

I^atal homologous serum hepat- 
lUs. 


The albumin peaks are indicated by “A,” and the globulins by their respective Greek letter prefixes. 
The unlabelled peaks are the stationary anomalous boundaries due to gradients of buffer salt. 
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normal, but differed markedly in both the rate 
and extent of reversion toward normal. The 
changes are illustrated in Figures 2-4, and the data 
including tests of hepatic function are listed in 
Table II. The initial studies (Z?ay 0) were per- 
formed during the acute phase, usually one or 
t^vo weeks after the onset of the illness. 

C. G., a 15 year old male, had mild acute hepatitis 
with slight jaundice, negative cephalin cholesterol 
flocculation and almost normal thymol turbidity 
test. A needle biopsy disclosed histologic changes 
compatible with virus hepatitis. The initial elec- 
trophoretic analysis (Figure 2) revealed some- 
what diminished albumin despite normal Howe 
albumin value, and slightly elevated beta- and 
gamma-globulins. The jaundice subsided in two 
weeks ; the patient became asymptomatic and 
remained so. The tests of hepatic function re- 
verted to nonnal and the electrophoretic pattern 
on Day 156 was within nonnal limits. A follow- 
up needle biopsy of the liver disclosed normal 
parenchyma with normal lobular architecture and 
minimal focal scarring. 

J. E., a 35 year old female, had relatively mild 


acute hepatitis, her general condition remaining 
quite good despite intense jaundice and pruritus. 
The total serum bilirubin reached a peak of 18.4 
grams per cent; urobilinogen was absent from 
the 24 hour urine and stool collections for ten 
days. Microscopic findings on the needle biopsy 
specimen were compatible with acute virus hepati- 
tis. The initial electrophoretic analysis (Figure 
3) revealed diminished albumin and markedly 
elevated beta-globulin but normal gamma-globulin 
in the presence of a positive cephalin cholesterol 
flocculation test and a high thymol turbidity. 
Over the course of one month the jaundice and 
all symptoms subsided after which the patient 
remained asymptomatic. By Day 20 the electro- 
phoretic pattern had changed considerably in the 
direction of normal and on Day 69, it was within 
normal limits, as were the tests of hepatic func- 
tion. Follow-up needle biops}’ revealed marked 
recovery of the parenchyma with no scarring 
whatever. 

H. S., a 72 year old female, had moderately 
severe acute hepatitis with intense jaundice, the 
serum bilirubin values attaining levels above 30 
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Fig. 2 


mg. per cent and the tests of hepatic function re- 
vealing marked impairment. Needle biopsy dis- 
closed acute hepatitis with some distortion of the 
lobular architecture. The initial electrophoretic 
pattern (Figure 2) was quite abnormal with very 
low albumin and elevation of the relative {i.e., 
per cent) but not absolute (i.e., grams per cent) 
values of the beta- and gamma-globulins. Within 
five weeks complete clinical recovery occurred 
with reversion of the tests of hepatic function to 
almost normal, and the patient remained asymp- 
tomatic. Electrophoretic analysis on Day 128 re- 
vealed considerable change in the direction of nor- 
mal with albumin rise of over 1 gram per cent, 
nevertheless not attaining the normal range. 

T. H., a 72 j'^ear old male, had severe acute 
hepatitis with intense jaundice, regarded as 
homologous serum hepatitis since he had received 
blood and plasma 90 days previously at the time 
of a local resection of the colon for carcinoma. 


Tests of hepatic function revealed marked im- 
pairment and histologic examination of the needle 
biopsy specimen was compatible with virus hepa- 
titis. The initial electrophoretic study (Figure 
2) showed markedly diminished albumin and ele- 
vated alpha-1- and gamma-globulins. Complete 
clinical recovery occurred in approximate!)’- six 
weeks, the tests of hepatic function remaining 
slightly abnormal. Electrophoretic analysis on 
Day 290 revealed some change toward normal 
with decline of the elevated alpha-1- and gamma- 
globulins, but the pattern was still definitely ab- 
normal with diminution of albumin and relative 
elevation of beta-globulin. 

A. E., a 67 year old female with hypertensive 
cardio-vascular disease but without history of 
cardiac failure, developed unusually severe acute 
hepatitis with intense jaundice, the total serum 
bilirubin levels exceeding 30 mg. per cent. For 
three weeks urobilinogen was absent from the 24 
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hour collections of stools and urine. The other 
tests of hepatic function disclosed marked impair- 
ment. Needle biopsy of the liver four weeks after 
the onset revealed marked inflammatory infiltra- 
tion with areas of liver cell necrosis and post- 
necrotic scarring. The initial electrophoretic 
pattern (Figure 4) was quite abnormal with 
diminished albumin and markedly elevated beta- 
and gamma-globulins. After eight weeks of 
jaundice there was gradual complete clinical re- 


covery, the patient’s cardio-vascular status re- 
maining unchanged throughout. The tests of 
hepatic function exhibited progressive reversion 
to almost normal, the thymol turbidity remaining 
slightly elevated even after a year had elapsed. 
The electrophoretic pattern on Day 21, by which 
time considerable clinical improvement had oc- 
curred, was still quite abnormal but revealed a 
rise of the albumin and a decline of the elevated 
beta- and gamma-globulins. On Day 396, definite 
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residual abnormalities were observed with dimin- 
ished albumin and elevated alpha-2-, beta-, and 
gamma-globulins. FoIIow-up needle biopsy of 
the liver revealed definite post-necrotic cirrhosis 
with distortion of the lobular architecture. 

Group III — Late follow-up studies 

To assess the late effects of virus hepatitis, single 
electrophoretic analyses were performed on sera 
from 11 individuals who had clinically recovered 
from acute hepatitis during hospital admissions 
10 to 36 months previously. In all cases tests 
of hepatic function had been carried out at in- 
tervals. None of the patients were alcoholics or 
had symptoms referable to the liver or gall bladder 
prior to the onset of acute hepatitis. Except for 
C, B., none had recurrent jaundice after the 
initial episode. 

Typical electrophoretic patterns are illustrated 
in Figure 5 and the data including the tests of 
hepatic function are listed in Table III in order 
of increasing deviation from normal serum pro- 
tein composition. 

Although most of the residual abnormalities 
were relatively minor, only three sera (C. B., 


C. J., and W. R.) had patterns well within the nor- 
mal range. The electrophoretic albumin values 
(absolute) were slightly diminished in four (J. G., 
C. P., M. K., and M. J. S.) of the 11 cases, al- 
though this was not reflected in the Howe frac- 
tionations. The gamma-globulins were elevated 
in six cases (G. G., R. W., J. G., C. P., M. K., 
and M. J, S.) and the beta-globulins in five 
(M. S., B. W., G. G., R. W., and M. J. S.). 

Summaries of the findings in the 11 cases fol- 
low : 

C. B., a 24 year old male, had mild infectious hepatitis 
with intense jaundice while in military service with re- 
currence of jaundice two months later. He had been 
asymptomatic during the ensuing 28 months. The elec- 
trophoretic pattern was within normal limits. There 
was definite elevation of the total serum bilirubin, other 
tests of hepatic function being normal. 

C. J., a 29 year old male, had been asymptomatic fol- 
lowing recovery from mild acute hepatitis 32 months 
previously. The electrophoretic data were in the normal 
range. Tests of hepatic function were normal. 

W, R., a 26 year old male, had recovered uneventfully 
from mild acute hepatitis 34 months previously and re- 
mained free of symptoms. The electrophoretic pattern 
was within normal limits. Tests of hepatic function were 
normal except for slightly elevated thymol turbidity (6.1 
units). Needle biopsy revealed normal liver tissue. 
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TATE FOIIOT-qP STUDIES 

long after clinical rccoveiy frra acute Tiros hepatitis 
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Asymptcaatlc 3U -nonths after 
acute h^atitis. Almost 
oomal tests of hepatic func- 
tion. Horoal liTor histologi- 
cally. 



J.O. - Sligjitly diminished 
altadn, sli^tly elerated 
gmaa-gloholin . 

As ymp t^atic three years 
after severe acute hepatitis. 
Almost normal teste of hepatic 
function, mntnal poet-necrotic 
scarring histologically. 
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for elevat^ beta-glohnlln. 
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severe acute h^atdtis. nor- 
mal tests of hepatic function. 



U.K. - subtly diminished 
albumin, elevated gamma- 
globulin* 
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Fig. S 
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tests of hepatic function. 
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globullns. 

J/o syrjjtoas attributable to- 
liver disease 29 months after 
severe acute hepatitis. Pos- 
itive cephalin flocculation 
and thyTcol toirbidiiy -tests. 
Post-necrotic scarring his- 
tologically. 
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M. S., a 24 year old male, had severe acute hepatitis 
with intense jaundice 14 months previously from which 
he achieved complete clinical recovery. The electro- 
phoretic pattern was normal except for elevated beta- 
globulin. Tests of hepatic function were normal. 

B. W., a 47 year old female, had been asymptomatic 
following moderately severe acute hepatitis 21 months 
previously. Electrophoresis disclosed elevation of the 
beta-globulin fraction. Bromsulfalein test showed 30 per 
cent retention, the other tests being normal. 

G. G., a 50 year old male, had recovered from mild in- 
fectious hepatitis 16 months previously and remained 
asymptomatic thereafter. Electrophoretic analysis re- 
vealed elevated beta- and gamma-globulins. All tests of 
hepatic function were normal. 

R. W., a 64 year old male, had recovered uneventfully 
from mild acute hepatitis 12 months previously. Elec- 
trophoresis showed elevation of the beta- and gamma- 
globulin fractions. The tests of hepatic function were 
normal except for slightly elevated th}'^mol turbidity 
(6.2 units). 

J. G., a 58 year old male, had been asymptomatic for 
36 months following recovery from severe acute hepati- 
tis (with laparotomy biopsy). Electrophoretic analysis 
revealed diminished albumin and slightly elevated gamma- 
globulin. The total serum bilirubin was 1.2 mg. per cent, 
other tests of hepatic function being normal. Two con- 
secutive needle biopsies of the liver showed minimal 
post-necrotic scarring. 

C. P., a 55 year old female, had recovered from 
moderately severe acute hepatitis ten months previously 
and remained free of symptoms. The electrophoretic 
findings were diminished albumin and elevated gamma- 
globulin. Bromsulfalein test showed 27 per cent reten- 
tion, and the cephalin cholesterol flocculation and thymol 
turbidity tests were positive. 

M. K., a 48 year old male, had been asymptomatic for 
14 months after severe acute hepatitis. Electrophoresis 
revealed diminished albumin and elevated gamma-globulin. 
Tests of hepatic function were all normal. Needle biopsy 
of the liver showed minimal post-necrotic scarring. 

M. J. S., a 62 year old female, had severe hepatitis 
(with laparotomy biopsy) 29 months previously with 
complete clinical recovery. There had been no symptoms 
referable to the liver since then. The electrophoretic 
pattern was the most abnormal of the group, with dimin- 
ished albumin and elevated beta- and gamma-globulins.- 
The cephalin cholesterol flocculation was 4 -f and thymol 
turbidity was 9.0 units, the highest values in the group, 
the other tests of hepatic function being normal. Needle 
biopsy of the liver revealed post-necrotic scarring with 
disturbed architecture. 

DISCUSSION 

Electrophoretic analyses of the serum proteins 
in virus hepatitis were first described in 1943 by 
Gray and Barron (1) who reported five cases 
with diminished albumin in all, elevated gamma- 


globulin in four, and elevated beta-globulin in 
two. These observations have been confirmed 
and extended by subsequent investigations (2-5), 
including the present study. 

The ten cases of acute virus hepatitis studied 
all exhibited diminished albumin values on elec- 
trophoretic analysis, even when not evident by the 
Howe fractionation. Elevated gamma-globulins 
occurred in seven of the ten cases, and elevated 
beta-globulins in the same number, other varia- 
tions being less frequent. 

Comparison of the five clinically mild with tlie 
five severe cases of acute hepatitis revealed no 
strict correlation between clinical severity and 
extent of deviation from normal serum protein 
composition. This is well illustrated by the case 
of T. J. with quite mild clinical manifestations 
and slight jaundice, yet considerable abnormality 
of the electrophoretic pattern. On the other 
hand, the five severe cases all had markedly ab- 
normal patterns, with generally greater devia- 
tions from normal than the mild cases. 

The changes show similarities to those obsen''ed 
in a previous study of portal cirrhosis (14). The 
cases of portal cirrhosis with clinical manifesta- 
tions such as jaundice, edema, or ascites had more 
pronounced abnormalities, however. In such pa- 
tients, moreover, beta-globulin increases without 
marked elevation of gamma-globulin did not oc- 
cur, in contrast to the virus hepatitis cases G. A. 
and J. E., with beta-globulin elevations alone. 
The patterns in acute virus hepatitis also re- 
sembled those observed in Weil’s disease (16), 
chronic Brucella hepatitis (17), and infectious 
mononucleosis (18). 

The question has been raised whether these 
alterations are manifestations of hepatic dysfunc- 
tion or of the infectious process. Somewhat 
similar abnormalities have been described in in- 
fectious diseases such as syphilis, tuberculosis, 
typhus, malaria, lymphogranuloma venereum, 
leprosy, kala-azar and others (19), not believed 
to involve the liver, or at least not accompanied 
by clinical hepatic insufficiency. It must, how- 
ever, be noted that most of the above conditions 
are characterized by chronic proliferative granu- 
lomata or by widespread cellular destruction, 
hence are not necessarily strictly comparable with 
virus hepatitis. On the other hand, in lobar pneu- 
monia there are elevations of the alpha-2-gIobuIins 
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usually without significant changes in the gamma- 
globulins (19, 20). Although a final answer to 
the problem cannot be given on the basis of the 
present evidence, it is suggested that the hepatic 
involvement in virus hepatitis plays a major role 
in the disturbances of the serum proteins. 

The current interest in the late manifestations 
of virus hepatitis with prolonged hepatic dysfunc- 
tion or post-necrotic cirrhosis led to the follow-up 
studies undertaken. To our knowledge the only 
previous investigation with serial electrophoretic 
analyses of virus hepatitis sera has been that of 
Martin (4) in which the maximum period of ob- 
servation was 64 days. Martin’s data show a 
number of positive findings on tests of hepatic 
function at the end of observation, but abnormali- 
ties of the electrophoretic patterns in only two of 
his 11 cases. 

The present data, on the contrary, demonstrate 
the frequent occurrence of residual abnormalities 
of the serum proteins even after long asympto- 
matic periods. 

Of the five cases followed after the acute phase, 
two with mild acute hepatitis showed complete 
reversion to normal serum protein composition. 
The other three with more severe acute episodes 
exhibited residual abnormalities of the electro- 
phoretic pattern 128, 290, and 396 days after the 
initial study even though the patients were asymp- 
tomatic and had almost normal tests of hepatic 
function. 

The late follow-up studies on sera from indi- 
viduals who had clinically recovered from the 
acute phase of virus hepatitis ten to 36 months 
previously revealed frequent if usually slight ab- 
normalities of the electrophoretic pattern. Of 
the 11 examined, only three patterns were con- 
sidered well within the normal limits. Among the 
group of sera there were four instances of dimin- 
ished albumin values, six elevated gamma- 
globulin fractions, and five elevated beta-globu- 
lins. Residual abnormalities in one or more 
tests of hepatic function were likewise obser\'ed. 
No cases of virus hepatitis with chronic jaundice 
were encountered. 

Post-necrotic scarring was demonstrated on 
follow-up needle biopsy of the liver in four cases 
(J. G., M. K., M. J. S., and A. E.). These four 
patients had normal bromsulfalein tests as well as 
prompt (1 minute) bilirubin ralues (21). The 


electrophoretic patterns revealed definite residual 
abnormalities, relatively minor in J. G. and M. K., 
and more marked in M. J. S. and A. E. 

The occurrence of positive cephalin cholesterol 
flocculation and th 3 Tnol turbidity tests in the 
presence of normal values for gamma-globulin, 
and conversely the occurrence of abnormalities 
of the serum proteins without positive flocculation 
or turbidity tests has been pointed out in the 
presentation of the data above. These findings, 
while of interest, are not unexpected in view of 
the complexity of these reactions. Recent investi- 
gations (3, 5, 22-26) have shed some light on the 
mechanisms of these tests, such as the evidence 
for the role of lipo-protein of the beta-globulin 
fraction in the thymol turbidity test. Neverthe- 
less, many problems of the precise interactions of 
the proteins remain to be clarified. 

SUMMARY 

1. Electrophoretic analyses of the serum pro- 
teins in ten cases of acute virus hepatitis revealed 
diminished albumin values in all, elevated gamma- 
globulins in seven of the ten, and elevated beta- 
globulins in the same number. 

2. Cases of severe acute hepatitis showed in 
general more pronounced changes than milder 
cases, but no strict correlation existed. 

3. Serial electrophoretic analyses disclosed re- 
version of the serum proteins to normal in t\vo 
cases of acute hepatitis, but persistent abnormali- 
ties were observed in three cases despite clinical 
recovery. 

4. Late follow-up studies on sera from 11 indi- 
viduals who had clinically recovered from acute 
virus hepatitis ten to 36 months previously re- 
vealed residual abnormalities in the electrophoretic 
patterns of eight o'f the 11 sera. 
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M. S., a 24 year old male, had severe acute hepatitis 
with intense jaundice 14 months previously from which 
he achieved complete clinical recovery. The electro- 
phoretic pattern was normal except for elevated beta- 
globulin. Tests of hepatic function were normal. 

B. W., a 47 year old female, had been asymptomatic 
following moderately severe acute hepatitis 21 months 
previously. Electrophoresis disclosed elevation of the 
beta-globulin fraction. Bromsulfalein test showed 30 per 
cent retention, the other tests being normal. 

G. G., a SO year old male, had recovered from mild in- 
fectious hepatitis 16 months previously and remained 
asymptomatic thereafter. Electrophoretic analysis re- 
vealed elevated beta- and gamma-globulins. All tests of 
hepatic function were normal. 

R. W., a 64 year old male, had recovered uneventfully 
from mild acute hepatitis 12 months previously. Elec- 
trophoresis showed elevation of the beta- and gamma- 
globulin fractions. The tests of hepatic function were 
normal except for slightly elevated thymol turbidity 
(6.2 units). 

J. G., a 58 year old male, had been asymptomatic for 
36 months following recovery from severe acute hepati- 
tis (with laparotomy biopsy). Electrophoretic analysis 
revealed diminished albumin and slightly elevated gamma- 
globulin. The total serum bilirubin was 1.2 mg. per cent, 
other tests of hepatic function being normal. Two con- 
secutive needle biopsies of the liver showed minimal 
post-necrotic scarring. 

C. P., a 55 year old female, had recovered from 
moderately severe acute hepatitis ten months previously 
and remained free of symptoms. The electrophoretic 
findings were diminished albumin and elevated gamma- 
globulin. Bromsulfalein test showed 27 per cent reten- 
tion, and the cephalin cholesterol flocculation and thymol 
turbidity tests were positive. 

M. K., a 48 year old male, had been asymptomatic for 
14 months after severe acute hepatitis. Electrophoresis 
revealed diminished albumin and elevated gamma-globulin. 
Tests of hepatic function were all normal. Needle biopsy 
of the liver showed minimal post-necrotic scarring. 

M. J. S., a 62 year old female, had severe hepatitis 
(with laparotomy biopsy) 29 months previously with 
complete clinical recovery. There had been no symptoms 
referable to the liver since then. The electrophoretic 
pattern was the most abnormal of the group, with dimin- 
ished albumin and elevated beta- and gamma-globulins. 
The cephalin cholesterol flocculation was 4 -b and thymol 
turbidity was 9.0 units, the highest values in the group, 
the other tests of hepatic function being normal. Needle 
biopsy of the liver revealed post-necrotic scarring with 
disturbed architecture. 

DISCUSSION 

Electrophoretic analyses of the serum proteins 
in virus hepatitis were first described in 1943 by 
Gray and Barron (1) who reported five cases 
with diminished albumin in all, elevated gamma- 


globulin in four, and elevated beta-globulin in 
two. These observations have been confirmed 
and extended by subsequent investigations (2-5), 
including the present study. 

The ten cases of acute virus hepatitis studied 
all exhibited diminished albumin values on elec- 
trophoretic analysis, even when not evident by the 
Howe fractionation. Elevated gamma-globulins 
occurred in seven of the ten cases, and elevated 
beta-globulins in the same number, other varia- 
tions being less frequent. 

Comparison of the five clinically mild with the 
five severe cases of acute hepatitis revealed no 
strict correlation between clinical severity and 
extent of deviation from normal serum protein 
composition. This is well illustrated by the case 
of T. J. with quite mild clinical manifestations 
and slight jaundice, yet considerable abnormality 
of the electrophoretic pattern. On the other 
hand, the five severe cases all had markedly ab- 
normal patterns, with generally greater devia- 
tions from normal than the mild cases. 

The changes show similarities to those observed 
in a previous study of portal cirrhosis (14). The 
cases of portal cirrhosis with clinical manifesta- 
tions such as jaundice, edema, or ascites had more 
pronounced abnormalities, however. In such pa- 
tients, moreover, beta-globulin increases without 
marked elevation of gamma-globulin did not oc- 
cur, in contrast to the virus hepatitis cases G. A. 
and J. E., with beta-globulin elevations alone. 
The patterns in acute virus hepatitis also re- 
sembled those observed in Weil’s disease (16), 
chronic Brucella hepatitis (17), and infectious 
mononucleosis (18). 

The question has been raised whether these 
alterations are manifestations of hepatic dysfunc- 
tion or of the infectious process. Somewhat 
similar abnormalities have been described in in- 
fectious diseases such as syphilis, tuberculosis, 
typhus, malaria, lymphogranuloma venereum, 
leprosy, kala-azar and others (19), not believed 
to involve the liver, or at least not accompanied 
by clinical hepatic insufficiency. It must, how- 
ever, be noted that most of the above conditions 
are characterized by chronic proliferative granu- 
lomata or by widespread cellular destruction, 
hence are not necessarily strictly comparable with 
virus hepatitis. On the other hand, in lobar pneu- 
monia there are elevations of the alpha-2-globulins 
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usually without significant changes in the gamma- 
globulins (19, 20). Although a final answer to 
the problem cannot be given on the basis of the 
present evidence, it is suggested that the hepatic 
involvement in virus hepatitis pla3fs a major role 
in the disturbances of the serum proteins. 

The current interest in the late manifestations 
of virus hepatitis with prolonged hepatic dysfunc- 
tion or post-necrotic cirrhosis led to the follow-up 
studies undertaken. To our knowledge the only 
previous investigation with serial electrophoretic 
analyses of virus hepatitis sera has been that of 
Martin (4) in which the maximum period of ob- 
servation was 64 days. Martin’s data show a 
number of positive findings on tests of hepatic 
function at the end of observation, but abnormali- 
ties of the electrophoretic patterns in only two of 
his 11 cases. 

The present data, on the contrary, demonstrate 
the frequent occurrence of residual abnormalities 
of the serum proteins even after long asympto- 
matic periods. 

Of the five cases followed after the acute phase, 
two with mild acute hepatitis showed complete 
reversion to normal serum protein composition. 
The other three with more severe acute episodes 
exhibited residual abnormalities of the electro- 
phoretic pattern 128, 290, and 396 days after the 
initial study even though the patients were asymp- 
tomatic and had almost normal tests of hepatic 
function. 

The late follow-up studies on sera from indi- 
viduals who had clinically recovered from the 
acute phase of virus hepatitis ten to 36 months 
previously revealed frequent if usually slight ab- 
normalities of the electrophoretic pattern. Of 
the 11 examined, only three patterns were con- 
sidered well within the normal limits. Among the 
group of sera there were four instances of dimin- 
ished albumin values, six elevated gamma- 
globulin fractions, and five elevated beta-globu- 
lins. Residual abnormalities in one or more 
tests of hepatic function were likewise obsen^ed. 
No cases of virus hepatitis with chronic jaundice 
were encountered. 

Post-necrotic scarring was demonstrated on 
follow-up needle biopsy of the liver in four cases 
(J. G., M. K., M. J. S., and A. E.). These four 
patients had nonnal bromsulfalein tests as well as 
prompt (I minute) bilirubin \-alues (21). The 


electrophoretic patterns revealed definite residual 
abnormalities, relatively minor in J. G. and M. K., 
and more marked in M. J. S. and A. E. 

The occurrence of positive cephalin cholesterol 
flocculation and thymol turbidity tests in the 
presence of normal values for gamma-globulin, 
and conversely the occurrence of abnormalities 
of the serum proteins without positive flocculation 
or turbidity tests has been pointed out in the 
presentation of the data above. These findings, 
while of interest, are not unexpected in view of 
the complexity of these reactions. Recent investi- 
gations (3, 5, 22-26) have shed some light on the 
mechanisms of these tests, such as the evidence 
for the role of lipo-protein of the beta-globulin 
fraction in the thymol turbidity test. Neverthe- 
less, many problems of the precise interactions of 
the proteins remain to be clarified. 

SUMMARY 

1. Electrophoretic analyses of the serum pro- 
teins in ten cases of acute virus hepatitis revealed 
diminished albumin values in all, elevated gamma- 
globulins in seven of the ten, and elevated beta- 
globulins in the same number. 

2. Cases of severe acute hepatitis showed in 
general more pronounced changes than milder 
cases, but no strict correlation existed. 

3. Serial electrophoretic analyses disclosed re- 
version of the serum proteins to normal in tivo 
cases of acute hepatitis, but persistent abnormali- 
ties were observed in three cases despite clinical 
recovery. 

4. Late follow-up studies on sera from 11 indi- 
viduals who had clinically recovered from acute 
virus hepatitis ten to 36 months previously re- 
vealed residual abnormalities in the electrophoretic 
patterns of eight of the 11 sera. 
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A relation between the adrenal cortex and the 
distribution of body water has been recognized 
since the first demonstration that adrenal insuffi- 
ciency was associated with a marked degree of 
hemoconcentration (1, 2). The suggestion that 
this hemoconcentration might be attributed to a 
decrease in plasma volume (3, 4) was later con- 
firmed by direct measurement (4—8), and by the 
circumstance that normal plasma volume was re- 
stored with adequate desoxycorticosterone therapy 
(6-9). 

The administration of cortical extract to animals 
in adrenal insufficiency was followed by hemodilu- 
tion and diuresis even though no water was in- 
gested (10, 11). Swingle and his collaborators 
suggested that adrenalectomized animals were un- 
able to mobilize fluids from the interstitial and cell 
space (10), and that the hormone effected the re- 
distribution of fluids in the organism (12). Ac- 
cording to Harrop (11), fluid entered cells dur- 
ing insufficiency and was released by therapy. The 
extracellular space, as judged by the volume of 
distribution of chloride and thiocyanate, was de- 
creased after adrenalectomy and restored by hor- 
mone therapy (7, 8, 11, 13). Moreover, the pic- 
ture of adrenal insufficiency was simulated by 
peritoneal dialysis, a procedure which reduces 
extracellular fluid volume (11, 14, 15, 16). 

As a consequence of the changes noted in serum 
electrolyte pattern during adrenal insufficiency (1, 
2, 17), attention was focused on the simultaneous 
electrolyte and water changes in the tissues (16, 
18-23). Calculations of the tissue water compart- 
ments, based upon the assumption that chloride is 
limited to extracellular distribution, revealed a 

^ Part of these results have been published in an ab- 
stract form in Federation Proc., 1949, 8, 54. 
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ments for the degree of Doctor of Philosophy. 

Emanuel Libman Fellow. Present address: The Mt. 
Sinai Hospital, Department of Medicine, New York City. 


shift of water from the interstitial into the intra- 
cellular space (20-23). 

Marshall and Davis (24) , by measuring the ex- 
cretion of phenolsulfonephthalein, urea and creati- 
nine, demonstrated a decrease in renal function 
following complete adrenalectomy. The subse- 
quent use of more precise measures of renal ac- 
tivity confirmed the latter observation. Inulin, 
creatinine, urea and diodrast clearances as well 
as diodrast Tm were found to be reduced after 
adrenalectomy and restored after adequate hor- 
mone therapy (25—29). 

In view of the above evidence, it seemed desir- 
able to measure changes in all the body water com- 
partments and to correlate them with modifications 
in renal function obsers'ed simultaneously in ani- 
mals subject to alterations of adrenal function. 
Previous methods for the estimation of the extra- 
cellular space used either thiocyanate or chloride, 
both of which substances are now known to enter 
cells in a variable proportion (30-36). To over- 
come this objection a more accurate method (inulin 
space) for the determination of the extracellular 
volume was devised (37, 38). Coupled with the 
use of heavy water (DoO) as a measure of the 
total body water, accurate estimates of intracel- 
lular volume were feasible. The use of radio- 
active sodium (Na*^) or potassium (K^-) af- 
forded means for determining the intracellular 
distribution of these ions. 

METHODS 

Extracellular space was measured as the volume of 
distribution of inulin. The total inulin recovered, after 
the cessation of a constant intravenous equilibrating in- 
fusion, corrected for urinary delay time, and divided by 
the plasma concentration at the moment of the interrup- 
tion of the infusion, equals the volume of distribution 
of inulin (38). 

Total body \\-afer was determined by the space of 
distribution of hca\-y water (DiO). A known amount 
of D:0 was injected intravenously and blood samples 
were drawn two and three hours later. The bloods were 
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analyzed for DsO concentration by the falling drop 
method of Keston, Rittenberg and Schoenheimcr (39). 
Intracellular volume was calculated as the difference be- 
tween the DsO and the inulin spaces. The plasma vol- 
ume was determined with T-1824 (40) and the thio- 
cyanate space was measured by the procedure of Crandall 
and Anderson (30). 

Inulin clearance (Cm), p-aminohippuric acid clearance 
(Cpah) and maximal tubular excretory capacity for 
p-aminohippurate (TmpAn) were determined during the 
equilibrating inulin infusion following the standard pro- 
cedure of Smith and his co-workers (41). The chemical 
analyses were done with the method of Harrison (42) 
for inulin and of Bratton and Marshall (43) modified 
(41) for PAH. 


Plasma sodium and potassium were measured with an 
intenially compensated Perkin-Elmer flame photometer. 
The total cation in the body was determined by "in 
vivo" dilution of Na'‘ or K", the radioactivity of the 
plasma being measured with a Geiger-Miiller counter on 
a three-hour sample for Na"' and on a nine-hour sample 
for lO" (44, 45). The average intracellular cation con- 
centration was calculated according to a metliod described 
previously (44, 45). The plasma NPN was determined 
by the Folin and Wu method (46), and plasma specific 
gravity with the copper sulphate method (47). The 
blood pressure was measured directly in the femoral 
artery (Tycos gauge) and the hematocrit determined by 
the usual procedure. 

Observations were made on normal, trained, unancs- 


TABLE I 

Effect of DCA in normal dogs 


Dog 

Experiment 

Day 

Volumes of distribution 

Renal function 

Plasma 

con- 

centra- 

tion 

Blood 

press- 

ure 

Inulin 

DjO 

Intra- 

cellu- 

lar 

water 

SCN 

T-1824 

Fraction of 
body weiglit 

Cm 

CpAH 

Filtra- 

tion 

frac- 

tion 

TmpAH 

K 


Inulin 

DjO 

Intra- 

cellu- 

lar 












ec.l 

cc.j 


mg.l 

mEq.j 

mm. of 




cc* 

cc. 

cc. 

CC. 

CC. 

cc.lks. 

cc.lltg. 

cc.jkg. 

mtiu 

min. 

per cent 

min. 

liter 

Hg 

1 

Average of 


3,010 

10,300 

7,290 

4,650 

1,020 

201. 

687. 

486. 

73.4 

216 

34.0 

14.6 

4.0 

no 


three controls 

















Treatment 

4 

3,690 



4,760 

1,046 

246. 



76.7 

210 

36.5 

9.5 


no 


with 20 mg. 

















DCA daily 

10 

4,820 

9,990 

5,170 

5,510 

976 

307. 

634. 

327. 

100.0 

284 

35.2 

10.6 

3.0 

104 


for 16 days 

40 mg. daily 

16 

3,270 

8,270 

5,000 

4,700 

1,070 

243. 

615. 

372. 

80.1 

200 

40.0 

12.0 

3.0 

105 


for six addi- 

















tional days 

23 

2,940 

9,750 

6,810 

5,000 

1,046 

211. 

701. 

490. 

65.7 

217 

30.3 

11.1 

2.9 

102 


After treat- 

30 

2,855 

10,370 

7,515 

4,535 

1,054 

193. 

701. 

508. 

66.2 

220 

30.0 

16.8 

4.2 

102 


ment* 
















2v 

Average of 


3,000 

11,150 

8,150 

5,250 

1,160 

176. 

656. 

480. 

88.0 

320 

27.5 

23.0 

3.8 

113 


three controls 

















Treatment 

3 

3,380 



6,090 

1,000 

203. 



77.3 

240 

32.2 


3.9 

114 


with 30 fng. 

















DCA daily 

6 

3,865 

10,900 

7,035 


1,420 

223. 

628. 

405. 

95.0 

365 

26.0 

22.6 

2.7 

116 



9 

4,190 

11,500 

7,310 

6,170 

E 

257. 

706. 

449. 

97.5 

314 

31.0 

5.8 

2.5 

116- 



13 

4,360 

11,100 

6,740 

7,610 

i Wi 

252. 

642. 

390. 

123.0 

394 

31.2 

17.5 

2.2 

115 



16 

4,540 

10,350 

5,810 


Ijil 

246. 

562. 

316. 

116.3 

344 

33.8 

13.4 

2.1 




21 

4,000 

10,680 

6,680 

5,690 

1 l!! 

230. 

614. 

384. 

116.5 

433 

27.0 

28.0 

2.4 



After treat- 

















ment* 

13 

3,830 

11,300 

7,470 

6,950 


225. 

665. 

440. 

100.0 

308 

32.5 

24.4 

4.2 

118 

3 

Average of 


3,650 

12,400 

8,750 

6,380 

1,180 

190. 

645. 

455. 

60.1 

180 

33.4 

19.3 

3.9 



three controls 

















Treatment 

2 

4,170 

10,900 

6,730 

6,920 

1,024 

222. 

579. 

357. 

71.0 

217 

32.7 

13.0 

3.6 



with 30 mg. 

















DCA daily 

5 

4,920 

11,840 

6,920 

6,870 

1,185 

256. 

616. 

360. 

73.0 

242 

30.2 

18.0 

2.5 




11 

5,540 

11,000 

5,460 

7,300 

1,260 

267. 

527. 

260. 

92.2 

256 

36.0 

15.0 

2.0 




17 

4,730 

12,900 

8,170 

7,010 

992 

231. 

631. 

400. 

80.0 

257 

31.1 

16.8 

2.8 




24 

3,920 

12,400 

8,480 

6,560 

1,340 

192. 

608. 

416. 

79.5 

231 

34.4 

18.8 

2.8 



* "After treatment" represents the number of days which have elapsed since therapy was discontinued. 
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Fig. 1. Action of DCA in a Normal Dog 
The results of Dog 3 reported in Table I are expressed 
as percentile deviations from the control values in rela- 
tion to time. 


thetized female dogs in a 24-hour fasting state, and an 
identical procedure for clearances and space determina- 
tions was followed in each experiment. At least three 
complete control experiments of this type were performed, 
and then the animals were divided into three groups: 
one ' was treated with desoxycorticosterone acetate 
(DCA),'" the second with adrenal cortical extract® and 
the third was adrenalectomized and maintained exclusively 
on DCA, studies being made before and after with- 
drawal of DCA, In the first two groups, the dogs were 
followed until the physiological variables had returned to 
control values. 

RESULTS 

Action of desoxycorticosterone acetate: Three 
normal dogs were injected intramuscularly with 
20 or 30 mg. of deso.xycorticosterone acetate 
(DCA) in oil daily for three weeks, four to six 
series of obsen'ations being made during that pe- 
riod (Table I, Figure 1). The most pronounced 
and earliest response noted was a change in the 
distribution of body water. Whereas the total 
bod}' water remained nearly constant, falling about 

■* The dcsoxj’corticosterone acetate used was supplied 
by Ciba Pharmaceutical Products, Summit, New Jersey, 
and by Roche-Organon Inc., Nutley, New jersej-. 

® Part of the Upjohn's adrenal cortical extract utilized 
was supplied by Die Upjohn Company, Kalamazoo, 
Michigan. 


10 per cent from the control value, the intracel- 
lular volume progressively decreased while the ex- 
tracellular volume expanded. This fluid shift was 
apparent on the second day of treatment (Dog 3, 
Figure 1) and attained its maximum on the 10th 
or 11th day when the intracellular volume in Dogs 
1, 2 and 3 diminished 33, 34 and 43 per cent, re- 
spectively, and the extracellular space increased 
53, 46 and 40 per cent. 

The volume of distribution of thiocyanate qual- 
itatively tended to follow the extracellular space, 
as measured by inulin, but no constant relation was 
maintained between them. Plasma volume in gen- 
eral did not change significantly, despite the large 
transfers of water in the other compartments; 
Dog 2, however, showed an irregular increment 
of about 30 per cent from control values with no 
definite relation to the changes in extracellular 
fluid. 

At the same time that the redistribution of body 
water occurred, there was a progressive increase 
in filtration rate of 37, 40 and 53 per cent in Dogs 
1, 2, and 3, respectively, an increase which was 
fairly well correlated with the expansion of the 
extracellular space, the peak changes coinciding 
in time. The renal plasma flow also increased, but 
to a lesser extent, with a consequent increase in the 
filtration fraction. TmpAH. on the contrary, was 
reduced to' 26, 74 and 32 per cent, without any 
obvious correlation with the other changes. 

The serum potassium fell to a little above half 
of its control value, but no changes were detected 
in plasma sodium. Plasma specific gravity and 
the hematocrit both declined slightly during the 


TABLE II 
Pag 1 


Experiment 

Day 

Total 

Na 

Intra- 

cellular 

Na 

Intra- 

cellular 

n-atcf 

Averase 
intracellular 
Na con- 
centration 



rr.E^. 

rr.Eq. 

cc. 

mEjjJlilrr 

Control 


606 

170 

7,290 

22 

Treatment with 

16 

785 

284 

5,000 

56.8 

20 mg. 




DQ\ daily for 

23 

750 

304 

6,810 

44.7 

16 days 

40 mg. daily for the 






following six days 






After treatment* 

30 

642 

210 

7,515 

28.0 


* "After treatment" represents tbe number of davs which 
have elapsed since therapy was discontinued. 
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plasma potassium concentration was the sole ex- 
ception in that it reverted only partially after hav- 
ing reached its lowest level. Two to six weeks 
after the treatment had been discontinued, all the 
animals had returned to normal. 

The changes in total body sodium were studied 
in Dog 1 (Table II). During treatment with 
DCA the total body sodium increased by 30 per 
cent over the control value, with a simultaneous 
increase in the average intracellular concentration 
of this ion. 

Total potassium was measured in Dog 3 (Table 
III) and at the height of the response to the 
treatment, when the serum potassium was 2 mEq./ 
liter, it had decreased 12 per cent ; since the intra- 
cellular water had decreased by 39 per cent, intra- 
cellular concentration had increased significantly. 

Action of adrenal cortical extract: Three nor- 
mal dogs (Dogs 4, 5 and 6) were treated daily 

TABLE IV 


Effect of total adrenal cortical extract in normal dogs 


Dog 

Experiment 

Day 

Volumes of distribution 

Renal function 

Plasma 

Blood 

press- 

ure 

Inulin 

DjO 

Intra- 

cellu- 

lar 

water 

SCN 

T-1824 

Fraction of 
body weight 

Cm 

1 

CpAH 

Filtra- 

tion 

frac- 

tion 

TmpAH 

K 


Inulin| 

DjO 

Intra- 

cellu- 

lar 









■1 



cc.f 

cc.l 


mg.l 


77im. of 




CC. 

CC. 

CC. 

CC. 

CC. 


ce.lkg. 

cc.lkg. 

min. ! 

viin. 

per cent 

mill. 

tiler 

Hg 

4 

Average of 


2,4S0 

6,830 

4,380 

4,S10 

960 

KBlI 


359. 

67.7 

192 

35.2 

11.8 

3.8 

118 


three controls 








1 









Treatment 

5 

2,620 

9,110 

6,490 

4,790 

1,0S2 

201. 


500. 

66.4 

248 

26.8 

20.5 

3.8 

114 


with IS cc. of 

















extract daily 

12 

2,870 

8,620 

5,7S0 


1,046 

221. 

663. 

442. 

75.2 

225 

33.4 

14.0 

4.0 

125 


After treat- 

















ment* 

3S 

2,S10 

7,100 

4,S90 

4,700 

917 

200. 

568. 

368. 

58.0 

160 

36.2 

11.3 

4.0 

120 

5 

Average of 


2,0S0 


4,330 

3,S00 

580 

195. 

608. 

412. 

45.5 

170 

26.8 

7.4 

4.0 



three controls 



1 














Treatment 


1,980 


6,320 

3,900 

710 

180. 

755. 

575. 

46.3 

124 

37.3 

6.6 

4.4 



with IS cc. of 

















extract daily 


2,030 

7,360 

S,330 

3,780 

580 

207. 

750. 

543. 

47.7 

161 

29.7 

7.0 

4.0 




11 

1,960 


4,900 

3,100 

598 

190. 

663. 

473. 

43.3 

116 

37.3 

10.9 

4.1 



After treat- 

















ment* 

8 

2,160 


4,040 

3,390 

538 

217. 

624. 

407. 

52.4 

146 

35.9 

5.6 

3.7 


6 

Average of 


2,800 


S,200 

S,S90 

830 

215. 

615. 

400. 

109.0 

300 

36.3 

11.0 

4.1 



two controls 

















Treatment 

4 

3,S60 


S,140 

S,160 

890 

263. 

644. 

381. 

105.0 

316 

33.2 

5.0 

3.1 



with IS cc. of 









1 








extract daily 

10 

3,890 

11,100 

7,210 

7,210 

1,030 

264. 

763. 

499. 

89.0 

233 

38.1 

14.0 

3.0 



* “After treatment” represents the number of days which have elapsed since therapy was discontinued. 


TABLE 111 
Dog 3 


Experiment 

Day 

Totai 

K 

Intra- 
cellu- 
lar K 

Intra- 

cellular 

water 

Average 
intracellular 
K con- 
centration 

Control 


mEq. 

962 

mEq. 

948 

CC. 

8,750 

mEq.lltler 

108 

Treatment with 30 
mg. DCA daily 

11 

845 

834 

5,460 

152 


period of treatment, while no significant variations 
were observed in the mean blood pressure or in 
the plasma non-protein nitrogen concentration. 

In each of the dogs the modifications noticed as 
a consequence of the treatment augmented pro- 
gressively, reaching a maximum approximately on 
the 1 1th day, and then tended to return to normal 
despite the continuation of the injection of DCA 
and despite an increase in dosage in Dog 1. The 
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Fig. 2. Action of the Adrenal Cortical Extract 
IN A Normal Dog 

The results of Dog S taken from Table IV are ex- 
pressed as percentile deviations from the control values 
in relation to time. 


with 15 cc. of Upjohn’s beef adrenal cortical ex- 
tract for 13 days, and two or three observations 
were made during that period (Table IV, Figure 
2 ). 

The changes obtained differed markedly from 
those produced by DCA and involved body water 
distribution without alterations in renal function 
or plasma electrolyte levels. Cortical extract 
caused an increase in the intracellular fluid vol- 
ume and in total body water, with little or no 
change in the extracellular space. The enlarge- 
ment of the intracellular space amounted to 40, 
39 and 25 per cent of control values and was ap- 
parent on the third da}' of the treatment (Figure 
2) . The extracellular space did not change in Dogs 
4 and 5 and increased moderately (23 per cent) in 
Dog 6. Thiocyanate volume followed these varia- 
tions in a somewhat irregular manner. Plasma 
volume did not show any significant change. 

There was no marked change in Cm or Cpah, 
although the former again showed a fair correla- 
tion with the c-xtracellular volume. TmpAn in- 


creased almost 74 per cent in Dog 4 and in the 
other two animals first decreased and subsequently 
rose above control values. 

Plasma sodium, potassium and non-protein ni- 
trogen concentration did not vary to any signifi- 
cant extent, nor did the hematocrit or the mean 
blood pressure. No determinations of the total 
cation in the body were made. 

The modifications in the intracellular space in- 
duced by cortical extract also tended to disap- 
pear under prolonged treatment. 

Effect of total adrenalectomy: Two normal dogs 
(Figures 3 and 4, and Table V) were completely 
adrenalectomized in two stages and maintained 
with 10 and 15 mg. of DCA daily (Dogs 7 and 8).® 
While still under treatment and showing no signs 
of adrenal insufficiency, an experiment was per- 
formed six days after complete adrenalectomy in 
Dog 8 and after 21 days in Dog 7. In both ani- 
mals the changes from preoperative values were 
similar to those observed in normal dogs treated 
with DCA, i.e., intracellular water was reduced 

® The dogs were maintained on their usual diet. No 
sodium chloride was added. 





Fig. 3. Effect of Total .A.drenalectomv on Dog 7 
The results of Table V are expressed as pcrcc.".tilc 
deviations from tlic control \-alues in relation to time. 
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